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DISEASES    OF    THE    CEREBROSPINAL 
AND  SYMPATHETIC  NERVES. 


In  deKoribing  the  diseases  of  the  nerves  of  the  human  body  it  will 
not  be  i>o8sible  entirely  to  avoid  trespassing  upon  the  domains  of  other 
writers.     This  is  for  the  obvious  reasons  that,  first,  the  nerve  trunks 
are  an  integral  part  of  the  central  nervous  system  and  have  either  their 
origins  or  their  ramifications  within  the  great  cerebroHSpinal  axis; 
and  second,  that  many  diseases  are  not  sharply  delimited  by  nature 
to  this  one  i^articular  territory,  but  extend  their  ravages  to  the  nerve 
centres ;  or  even,  originating  in  these  centres,  may  ultimately  involve 
the  nen-es  and  display  in  them  some  of  their  most  characteristic 
symptoms.     It  is  nevertheless  true  that  by  a  general  consent  the  vari- 
ous diseases  of  the  nerve  trunks  are  now  fairly  well  demarcated  from 
those  of  the  central  nervous  system,  and  it  is  rather  the  exception 
than  the  rule  for  them  to  involve  the  central  structures.     I  shall 
therefore  follow  the  custom  of  excluding  diseases  that  are  properly' 
locateil  above   the   nuclei  of  the  i)eripheral  nervous   system,  but  I 
may  occjisioiiiilly  invade  these  nuclei  for  purposes  of  illustration  or 
thoroughness. 

It  l^ecomes  necessary,  first  of  all,  in  such  a  paper  as  this,  to  devote 
some  si>ace  to  a  general  discussion  of  the  anatomy,  physiology,  sym]> 
ti>ms,  and  pathology  of  the  nerve  trunks.  In  such  a  brief  general 
ilLsciLssion  the  advantages  will  be  seen  of  not  limiting  the  description 
exilusivi4y  to  those  trunks,  but  of  pointing  out  how  the  subject  is 
intent-oven  witli  the  wider  subject  of  the  whole  nervous  system. 

Id  the  second  division  of  the  subject  each  particular  nerve  will  be 
taken  up,  and  its  diseases  will  be  described  and  its  pathological  rela- 
tions i)ointed  out. 

GENERAL  ANATOMY  OF  THE  NERVES. 

In  order  to  understand  the  general  anatomy  and  physiology  of  the 
nene  trunks  and  their  ramifications,  it  is  absolutely  necessary  to 
•»tu(l>  them  briefly  in  their  relationships  with  tlie  rest  of  the  nervous 
bvstem.    This  has  become  especiaUy  so  since  the  discoveries  of  Golgi 
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Iknd  hia  followers  have  led  to  ao  eiitirely  now  conception  o) 
fljsteiD.  A&  HDl  '  has  said,  Golgi's  meth<Hl  of  nilvor  stainiiig  hae 
thrown  more  light  upon  the  stroctnr©  of  the  nervous  system  than 
all  other  methods,  microscopical,  physical,  or  ex|>eriracntiil,  i>ut  to- 
gether. It  is  essential,  therefore,  Uj  avail  om-selve.s  of  these  resolta 
in  order  to  gain  a  proper  conception  of  the  position  of  the  nen 
trunks  in  the  nervous  economy. 

The  essential  element  of  the  nervous  system  is  the  nerve  oeil. 
This  nerve  cell  is  an  abeolute  anatomical  unit.  By  this  is  meant  Ihaf 
it  exists  by  itself,  indoi>endent  of  all  other  nen-e  cells  or  of  other  tis^ 
sues.  It  has  no  crmiiunitif  of  stnicture  with  any  of  these,  but  only 
conlujuibj  of  structure.  Qolgi*8  and  other  allied  methods  prove  thia 
fact,  The}^  domoimtrato  that  the  nervous  system  is  only  an  jiggrega^ 
tion  of  tlistinct  and  separate  nene  cells,  having  mutual  relations  but 
not  anatomical  ctnitinuity.  This  is  in  opposition  to  the  view,  which 
so  long  prevailed,  that  the  nervous  syntem  wjis  a  sort  of  continuous 
texture,  in  which  the  prcx'e8sc»s  of  one  cell  anastomosed  with  those  of 
other  calls.  It  can  now  be  clearly  demonstrated  that  there  is  no  such 
anastomosis.  It  thus  teconies  all  important  t()  study  the  nerve  cell 
as  the  seat  of  all  neurological  phenomeaa* 

Taking  as  a  type  one  of  the  large  pyramidal  cells  of  the  cerebral 
cortex,  we  distinguish  at  a  glance  two  integral  parts— the  })Oihj  and 
\h^  procesHva  of  the  cell.  These  together  form  the  anatomical  unit 
now  called  the  neiiron,  Sohaefer  jiroijosed  restricting  the  tenn  neuron 
to  the  axis-cylinder  process^  but  this  proi>ositiou  has  not  been  ac- 
cejjted.  Walilever  suggested  the  term  neuron  for  the  whole  nerve 
cell,  irichidiug  its  axis  cylinder,  which  latter  some  have  proposed  to 
call  the  uairaxim.  Waldeyer's  plan  is  that  which  is  now  quite  uni- 
forndy  adofjted. 

The  iKxly  of  the  neuron  is  always  the  seat  of  the  nucleus,  in  which 
agaiu  is  seen  the  nucleolus.  This  nucleus  is  Ixith  absolutely  and 
relativel.v  larger  in  nen^e  celh*  than  in  other  cells  (Schaefer).  Its 
function  is  apparently  largely  nutritive — a  fact  of  tii*st  importiince  to 
the  neuropathologist.  If,  for  instance,  any  portion  w^hatever  of  the 
neuron  lie  cut  oif  from  that  portion  which  cimbiius  the  Buch?uSp  the 
part  so  cut  off  will  inevitably  degenerate  and  ultimately  die.  The  pro- 
t^>phismic  contents  of  the  neuron  present  a  rc^ticular  appearanoSi 
esjMM'ially  well  markfnl  in  cells  stained  by  KissFs  method.  In  its  nu- 
tritive function  and  its  dependence  on  the  nucleus,  the  neuron  has 
distinct  rimWwm/ chanict^^ristics,  i.e.,  it  resembles  that  lowest  unieel- 
Inhir  animalcule  call^nl  tlie  amoeba. 

The  processes  of  the  neuron,  as  can  rendily  l>e  seen,  are  of  two 
kinds.     The  more  important  of  these  is  the  uxis-fi/Umfer  process. 
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In  the  embryo  this  is  the  fii^st  process  that  appears,  antedating,  in  the 
hamiui  embryo,  the  other  kind  by  several  weeks.  His  (quoted  by 
Dejerine')  observed  that  the  axis  cylinder  in  the  human  embryo 
appeared  in  the  first  month,  but  that  the  dendrons  did  not  appear 
until  the  tenth  week.  This  does  not  seem  to  confirm  the  theory  that 
tliese  latter  subserve  nutrition  entirely.  The  axis  cylinder  is  distin- 
goished  by  its  smooth  surface  and  its  perfect  regularity.  D^jerine 
also  points  out  that  it  can  be  told  from  the  other  kind  of  processes  by 
a  cone  of  origin.  It  is  api)arently  a  simple  prolongation  of  the  cell 
and  its  contents;  if  there  is  any  differentiation  of  structure  in  it  from 
the  ceU,  it  has  not  been  demonstrated.  Its  function  is  limited  en- 
tirely to  transmitting  impulses.  In  the  case  of  all  neurons  the  axis- 
cylinder  process  gives  off  branches  in  its  course,  which  are  called 
coBateraJs,  These  are  identical  in  structure  with  the  main  limb. 
They  and  the  main  limb  end  in  tufts  of  fibrils,  which  are  called  arbor- 
baiions.  The  axis  cylinder  and  its  collaterals  are  prolonged  into  the 
nerve  trunks,  and  thus  constitute  the  nerve  fibres. 

The  second  process,  or  collection  of  processes  (for  there  are  usu- 
ally more  than  one),  are  different  in  several  important  resi>ects  from 
the  first  kind.  They  are  larger,  coarser,  and  more  numerous  than 
the  axis  cylinder.  They  were  called  by  Deiters  the  protoplasmic 
processes,  but  they  are  now  usually  called,  after  His,  dendrites^  or, 
after  Schaefer,  dendrotis.  They  do  not  form  an  axis  cylinder.  Their 
surface  is  not  smooth,  as  is  that  of  the  axis  cylinder,  but  is  marked 
in  some  instances  with  small  bead-like  swellings  (especially  in  the 
embryo),  or  with  small,  regularly  distributed  prominences,  as  though 
the  surface  were  frosted.  The  dendrons  usually  send  off  branches, 
in  some  instances  very  many  (as  in  the  cells  of  Purkinje),  and  this 
branching  begins  not  far  from  the  body  of  the  cell.  The  function 
of  the  dendrons  is  claimed  by  some  biologists  to  be  purely  nutritive, 
but  this  is  not  probable ;  they  must  transmit  impulses,  especially  in 
the  numerous  instances  in  which  they  are  interlaced  with  the  termi- 
nal arborizations  of  the  axis  cylinders  of  other  cells.  The  purely 
nutritive  function  of  the  dendrons  is  rendered  impossible  also  by  the 
fact  that  some  important  ceUs  have  none  of  these  processes — the  uni- 
polar cells  of  the  spinal  ganglia,  for  example.  In  all  cases  the  den- 
drons terminate  by  free  ends,  never  by  anastomosis. 

There  are  many  varieties  of  neurons,  according  to  their  location 
and  function  in  the  nervous  system.  Schaefer  proposes  to  distinguish 
between  deminc  and  adendric  cells,  according  to  the  presence  or  ab- 
sence of  dendrons ;  and  again,  to  distinguish  cells  according  as  they 
have  one  or  more  axis  cylinders.  Again,  some  neurons  have  much 
longer  axis  cylinders  than  others ;  and  finally,  in  some  neurons  the 
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axiii  cylinder  ariBes  not  from  the  body  of  the  cell,  bnt  from  a  den- 
droD.  Consideriiig  these  ^cts,  Dejerine  observes  three  kinds  of  cells : 
(1)  Cajarn  cell,  in  which  the  axis  cylinder  may  be  multiple,  but 
always  arisen  from  a  dendron;  (2)  Golgi's  cell,  in  which  the  axis 
cylinder  is  single,  but  very  short  and  divided  ioto  iinmerous  ramifi- 
cations;  (3)  Deiters*  cell,  in  which  the  axis  cylinder  is  also  single, 
but  loDK  and  divided  iniiy  collaterals.  The  cells  of  the  second  type 
were  claimed  by  Ool^i  to  Ije  always  aensory,  those  of  the  third  type 
always  motor;  but  this  is  probably  erroneous* 

Tlie  terrainJil  arliorizations  of  the  axis  cylinders  and  of  their  col* 
laterals  are  interbiced  in  some  instances  with  the  dendrous  of  other 
neurons,  but  in  other  instances  form  a  kind  of  network  around  the 
bcnlies  f>f  these  neurons*  In  whatever  way  they  are  disposed  their 
ends  are  always' s  free. 

As  already  said,  it  has  l)een  held  by  some,  ©8[>ecially  by  Golgi,  that 
the  function  of  the  dendrous  is  to  take  up  nutritive  fluid  for  the  sui> 
jjoH  of  the  cell  body,  and  that  the  axis  cylinder  alone  has  a  purely 
nervous  function.  In  support  of  this  i^ew,  Golgi  claimed  to  have 
denifmstrated  that  the  dendrous  were  often  found  in  connection  with 
the  capillary  system.  This  view  has  been  opposed  by  otliers,  promi- 
nent among  whom  are  Cajal  and  Lenhossek,  who  maintain  that  the 
whole  neuron  is  neiTous  in  its  function,  and  that  if  there  be  any 
differentiation  it  consists  in  the  possible  fact  that  the  dendrous  are 
reeepfive  and  the  axis  cylinders  are  ceUttUfngal^  i.e.,  conduct  impulses 
outwards  (Dejerine).  This  latter  \iew  woidd  seem  to  lie  in  accord 
with  the  obfierved  facts  of  cyt<:)logy,  for  as  a  rule  the  function  of  nu- 
trition in  cells  is  not  differentiated  in  the  manner  claimed  by  Golgi, 

Wo  must  next,  fur  our  pur|>oRes  in  this  paper,  view  briefly  the 
plan  in  which  these  various  kinds  of  neurcms  are  grouped  in  order  to 
form  the  nen'ous  system. 

Tiie  nervous  system,  central  and  peripheral — to  use  an  expression 
of  Dejerine — ^is  constituted  merely  by  a  series  of  neurons  more  or 
less  prolonged.  The  accompanying  diagram  from  that  author  ex- 
plains tins  fju't  uKire  fully  t!ian  can  words.  Before  analyzing  it  in 
detfiil,  it  is  impf»rtant  onco  more  to  emiihasize  the  fact  that  each  indi- 
vidual neuron  is  an  indei)endent  anatomical  loiiL  In  consequence  of 
this  fundamental  fact,  «s  is  seen  in  the  diagram,  there  is  no  anasto- 
mosis, and  consequently  there  is  no  network  of  nerve  fibres  in  tlie 
sense  in  which  Oerlach  used  the  term  and  which  was  so  long  adopted, 
t.e.,  a  network  of  liidng  anastomosing  fibres,  constituting  a  sort  of 
widespread  textile  organon,  receiving  and  originating  the  periphera 
nen'e  tibres.  So  absolutely  is  this  simple  anatomical  nnit^  the  m\ 
ron,  regarded  by  some  as  the  uuique  basis  of  all  neurological  ^ 
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Domena,  that  authors  like  Dejerine  even  deny  that  there  is  any  dis- 
tinction functionally  between  a  motor  and  a  sensory  neui*on,  but  claim 
that  the  difference  in  action  results  merely  from  the  difference  in  ana- 
tomical connection,  the  one  being  distributed  to  muscle  and  the  other 
to  skin.  While  it  is  difficult  to  conceive  how  all  differentiation  be- 
tween neurons  can  be  denied,  especially  when  we  consider  the  higher 
psychical  functions,  still  it  is  a  fact  that,  so  far  as  their  pathological 
reactions  are  concerned,  they  are  all  apparently  alike.  This  fact  con- 
cerns us  here  especially,  because  we  are  about  to  describe  the  dis- 
eases of  the  peripheral  nervous  system  only.  But  it  will  be  neces- 
sary first  to  understand  the  anatomical  relation  of  this  system  to  the 
cerebrospinal  axis. 

It  will  be  seen,  by  reference  to  the  diagram  (Fig.  1),*  that  the  mo- 
tor side  of  the  whole  nervous  system  consists  of  but  two  neurons — a 
central  and  a  x>eripheral  neuron.  The  central  neuron  (N^)  has  its 
cell  body  in  the  cerebral  cortex  (EC),  It  is  a  large  pyramidal  cell, 
distributing  a  few  dendrons  in  its  immediate  neighborhood  and  send- 
ing a  very  long  axis  cylinder  downwards.  This  axis  cylinder  is,  in 
lact,  one  of  the  fibres  of  the  crossed  pyramidal  tract,  and  ends  in  the 
spinal  cord  by  arborizations,  which  interlace  with  the  dendrons  of 
the  second  or  peripheral  neuron  (N^.  This  i)eripheral  neuron  is, 
m  fact,  one  of  the  large  multipolar  cells  in  the  anterior  horn  of  the 
spinal  cord ;  it,  as  we  have  just  said,  has  dendrons  interlacing  with 
the  arborizations  of  the  axis  cylinder  of  the  central  neuron.  It  also 
sends  out  a  long  axis  cylinder,  which  has  but  few  if  any  collaterals, 
and  distributes  its  end-arborizations  in  a  muscle.  This  axis  cylinder 
forms  one  of  the  component  fibres  of  the  nerve  trunk. 

On  the  sensory  side  we  see  that  the  efferent  tract  is  composed  of 
three  neurons.  The  first,  or  peripheral  neuron  (NX  is  of  special  in- 
terest, because  it  originates  entirely  outside  of  the  central  nerv^ous 
system.  Its  cell  body  is  located  in  the  spinal  ganglion  of  the  poste- 
rior root.  It  is  usually  represented,  as  in  the  diagram,  as  a  unipolar 
cell  \*nthout  dendrons.  Its  single  axis  cylinder  divides  into  a  T- 
shaped  double  branch,  one  limb  of  which  is  distributed  in  the  skin 
(A//) ;  the  other  passes  by  w^ay  of  the  posterior  root  into  the  spinal 
cord,  and  there,  in  the  i)osterior  column,  divides,  one  branch  passing 
do\^Tiwards,  the  other  upwards.  Both  these  branches  send  out  col- 
laterals, which  have  various  terminations.  Thus  one  collateral  is 
shown  in  the  diagram  to  distribute  its  arborizations  amidst  the  den- 
drons of  the  peripheral  motor  neuron  (the  multipolar  cell  of  the  an- 
terior horn) ;   another  goes  to  a  neuron  in  Clarke's  column  (CO), 

♦  I  wish  to  acknowledge  especially  my  obligations  to  Dejerine's  excellent  work  in 
preparing  this  brief  description. 
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which  sends  its  axis  cj^linder  up  by  way  of  the  direct  cerebellar  tract 
to  the  cerei>ellum  (N^  with  dotted  liDe)  *  The  ascendiug  branch  ter- 
minates around  or  aiear  the  second  or  intermediary  aensory  neuron 
(N^G  +  B).  This  second  or  intermediary  neuron  has  its  cell  body 
in  one  or  other  nuclei  of  the  columns  of  Goll  and  Burdach  in  the 


Fio.  1.— Diagram  Showing  Relatrona  of  th«  Xervea  to  ihe  Nerre  Centres.    fD*J<»rine.) 


medulla  oblongata.     It  sends  its  axis  cylinder  up  to  the  thalam"« 
(T/i)*     Here  its  arlioriziitions  iuterlfice  with  the  thini  or  central 
sory  neuron  (A',),  which  sends  its  axis  cylinder  to  the  cerebra 
to  end  by  arborizations  which  interlace  with  the  dendroi 
cortical  cells,  which  in  turn  interlace  with  the  pyrarai 
motor  neuron.     Thus,  as  it  were,  the  circnit  is  comph 
gram  represents  a  few  other  collateral  connections — i 
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a  large  collateral  arising  from  the  pyramidal  cell  just  aa  the  axis  cyl- 
inder leaves  the  cortex.     This  is  probably  sent  through  the  corpiiB 

callosum  to  the  other  hemisi>here.  Other  comiectious  of  tJie  seDBory 
nearonn  through  the  thalamus  {Th)  Avith  the  cortex  are  also  seen. 
Bat  T*ith  these  we  are  not  here  specially  concerned.  The  figure  is, 
of  course,  absolutely  anil  merely  diagrammatic,  and  serveH  its  pur- 
posa  to  illustrates  the  relations  of  the  nerve  trunts  to  the  central  ner- 
vous system* 

Tlie  peripheral  sensory  neuron  is  of  special  interest,  because  of 
\\a  motle  of  c»rigin  and  the  light  which  it  throws  upon  the  develop- 
ment and  anatomy  of  the  nen^es  of  special  sense.  As  seen  in  the 
embryo  chick,  duck,  etc.,  the  neuron,  from  which  develoi>s  the  sen- 
m[\  nerve  running  from  the  skin  through  the  imsterinr  rut)t  into 
the  cord,  grows  in  the  ganglion  of  the  posterior  root.  It  is  origi- 
nallv  bipolar,  sending  out  an  axis  cylinder  from  ejich  end  or  pole. 
In  the  course  of  development  this  bipolar  neuron  gnwlually  changes 
into  a  unipolar  one.  The  cell  gradually  assumes  a  position  to  one 
aide  o!  the  two  axis  cylinders,  which  thus  api>ear  as  one  continuous 
fibre,  the  cell  Ijeing  attached  to  it  by  a  j^rocess  of  its  own.  This  is 
explained  differently  by  Jakob,  who  claims,  from  analogy  with  the 
nenrons  of  s£>e€ial  senses,  that  the  so-called  axis  cylinder  going  to  the 
bKh  is  not  embryologically  an  axis  cylinder  at  all,  but  a  dtadron, 
Lenhossek  demonstrated  that  the  cells  of  these  perijiheral  sensory 
Djenrons  in  earthworms  are  locjited  in  the  epithelium  of  the  skin, 
whence  they  send  each  an  axis  cylinder  direct  to  the  central  nervous 
Bjetenu  As  we  ascend  the  animal  scale  we  fijid  these  peripheral  sen- 
sory neurons  retreating,  as  it  were,  farther  and  farther  inward^,  until 
when  we  reach  the  vertebrates  the  cell  bodies  are  grouped  in  the 
g&nglia  of  the  posterior  roots,  far  within  the  parietes  of  the  lx)dy. 
Tbese  facts  in  comparative  anatomy  are  shown  in  the  accompanying 
diagram  (Fig*  2).  Their  significance  with  reference  to  the  nerves  of 
special  sense  ^ill  1)6  shown  when  we  come  to  describe  the  diseases  of 
ftose  nerves* 

Prom  the  foregoing  description  it  is  now  easy  to  understand  that 
the  nerve  trunks  are  merely  collections  of  axis  cylinders  arising  from 
the  cells  of  neurons,  whether  these  cells  are  in  the  ner\'e  centres  or  in 
angiia  outside  of  the  nerve  centres.  These  axis  cylinders,  how- 
enclosed  in  protective  sheaths,  and  the  ner^'e  trunks  are 
'connective  tissue  and  blood-vessels,  with  all  of 
ailiar. 

itions  of  EaDvier  our  exact  knowl- 

nders.     These  are  two  in  number. 

jgicaUy  is  the  outermost  one,  or 
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skeath  of  Schwaon,  This  is  formed  by  cells  which,  very  early  in 
embryonal  life,  apply  themselves  closely  tf3  the  axiB  cylinder,  They 
become  immensely  elongated  and  attenuated  (His),  and  by  the  end 
oi  the  first  month  they  form  a  sheath  which  completely  encloses  the 
axis  cylinder.  This  sheath^  however,  as  proved  by  Ranvier,  is  not 
continuous,  but  is  broken  up  into  eegmente,  each  segment  represent- 
ing one  of  the  original  enclosing  connective-tissue  cells*  These  seg- 
ments are  limited  by  constrictions,  the  annular  constrictions  or  nodes 


-'^  ^-  - —  Jntfertebrate* 


Fro.  9.— Vaiytnj^ Pcrti{tii>ti  r>r  the  Veit\%  of  the  Pertpheral  Seiuoij  Neurone      (D^jedne.) 


of  Riinvier  (a,  Fig.  3).     Each  segment  contains  a  nucleus  at  about 
etjual  distance  from  the  liniiular  constrictions. 

The  second  sheath  is  the  jtHfelia  or  medullary  sheath  {m).  This 
ctmsists  of  a  perfectly  homogeneous  substance  interposed  between  the 
sheath  nf  Hclnvaiin  and  the  axis  eybiider.  In  life  it  is  transparent, 
but  it  ra]>idly  uudergoes  post-mortem  changes.  It  is  tliis  myelin 
that  gives  the  ner^'es  their  white  appearance.  The  reactions  of  tliis 
substauce  t<j  various  reagenti^,  as  Dsmic  acid,  nitrate  of  silver,  etc., 
have  been  dcHcribnl  and  dei>ietcd  in  great  detail  b;>'  Ranvier,  Lauter- 
maun,  Golgi,  and  otliers.  Man\'  of  these  api>earauces,  as  KoUil 
has  said,  are  ]»ri>liably  artefacts  caused  by  the  reagents.  The 
omy  of  the  nerve  fibre  is  shown  in  Fig.  3. 

The  structure  of  the  axiH  a f Under  itself  has  been  tJ" 
some  dispute.     According  to  Dejerino  it  is  a  mass  of  fil 
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[toLeydig,  Nansen,  and  others,  it  is  merely  a  continuation  of  the 
retictilmn  composing  the  cell  IxkIv  of  the  neuron ;  and  according  to 
Si'liaefer,  it  is  a  bundle  of  distinct  tubes,  which  spread  out  at  the 
periphery  in  their  distribution,  each  preserving  itn  identity.  Ac- 
cialiug  to  the  view  of  all  of  these,  it  is  at  least  probable  that  the 
axis  cylinder  contains  a  protfjplasmic  flnid,  either  within  these  tubu- 
lar fibrils,  or  I>etween  them,  or  in  the  meshes  of  the  reticulunQ,  accord- 
ing aa  either  view  is  adopted.  Lenhossek"*  in  his  recent  work  de- 
plete a  nerve  cell  in  which  the  axis  cylinder  is  not  drawn  as  though 
compcised  of  fibrils  or  of  reticulated  tissue,  but  is  of  homogeneous 
snbstance,  in  marked  contrast  ivith  the  body  of  the  cell. 

Non'Mechdhiied  Fibres. —'Remsk  demonstrated  the  presence  of 
Don-meduUated  fibres.  They  are 
fomid  especially  in  the  sympa- 
thetic system  in  vertebrates,  al- 
though not  exclusi%"ely  in  that 
ajstem.  Thus  the  fibres  of  the 
olfactory  nerve  are  non-medul- 
lateiL  These  fibres,  or  fibres  of 
Remak,  are  also  found  in  other 
parta  of  the  c-erebrospinal  axis. 
Dejerine  says  that  they  have  a 
fibrillar  structure,  such  as  he 
believes  is  the  case  in  the  medul- 
lifced  fibres,  and  like  these  they 
fnd  in  arborizations,  but  never 
by  anastomosis. 

Tlic  Connectwe  Tissue  of 
NeneA.^AE  the  seat  of  many 
of  the  pathological  changes  that 
amlerlie  the  diseases  of  the  peripheral  nervous  system,  it  is  highly 
tteential  that  the  connective  tissue  should  be  thoroughly  understood. 
This  tissue  has  two  functions  espe€ially  to  perform ;  one  is  to  bind 
together  and  to  protect  the  nerve  fibres,  the  other  to  support  the 
blood-vessels.  Both  of  these  functions  are  the  causes  and  the  occa^ 
sions  for  some  of  the  most  striking  and  i)rofound  of  the  morbid  man- 
ifeiibtions  that  oc^^ur  in  the  nerve  trunks. 

A  iien*e  trunk,  as  already  exphiined,  is  a  collection  of  axis  cylin- 
ders, each  of  these  being  encased  in  its  protective  sheaths.     These 
Mr  cylinders,  however,  do  not  run  all  together  in  one  long  tube,  but 
*^  grouped  in  small  divisions,  each  of  which  is  called  a  fasciculus. 
iR  a  nerve  trunk  consists  of  a  collection  of  fasciculi,  each  fasciculus 
;  a  UM.  The  connective  tissue  which  forms 
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these  subdivisiona  and  holds  them  together  is,  therefore,  divisible 
iDto  several  kinds,  which  have  been  vaiiouslj  named* 

The  connective  tissne  which  forms  the  wall  of  eacih  fascicnhis  is  a 
firm  lamellated  tissue  (r/i.  Fig,  4).  It  forms  a  solid  tube,  as  it  were, 
excepting  that  here  and  there  it  is  perforated  bj  minute  hlootl-vessek, 
which  carry  nourishment  to  the  nerve  fibres  within*  In  smaller 
nerves,  in  which  each  fasciculus  contains  but  a  few^  nerve  fibres, 
the  lamellated  sheath  is  quite  thin  and  delicate ;  but  in  the  larger 
nerves,  in  which  the  fibres  in   each  fasciculus  are  numerous,  this 

shejith  becomes 
much  denser  and 
thicker  by  the  in- 
crease of  its  concen- 
tric lamellfle.  Thus 
in  the  sciatic  nerve 
the  walls  of  the  fas- 
ciculi are  quite 
dense. 

The  connective 
tissue  wiilihi  each 
fasciculus  serves  the 
purpose  of  a  sup- 
porting  membrane 
for  the  nerve  fibres. 
It  is  composed 
partly,  according  to 
Ranvier,  of  laminaa 
which  insinuate 
themselves  between 
the  nerve  fibres^  and 
sulxlivide  the  faa* 
ci  cuius  into  still 
smaller  but  not  very 
distinct  compartments.  These  larainm  are  really  extensions  in- 
wards of  the  lamellated  tissue  of  the  wall  of  the  fasciculus.  They 
also  conduct  and  support  minute  blood-vessek.  The  intrafaacicular 
connexitive  tissue  is  also  composed  in  part  of  fine  fibres,  and  does  not 
differ  materially  from  the  connective  tissue  of  other  parts,  except 
that  it  is  without  elastic  fibres  (Dejerine),  It  ser%^es  entirely  as  a 
sui>porting  membrane. 

Finally,  there  is  the  connective  tissue  iefi/?een  or  among  the  fascic- 
uli. Tliis  is  ordinary  connective  tissue,  which,  a<MJording  toRanvier, 
haa  its  fibres  running  almost  exclusively  in  a  longitudinal  direction^ 


FiQ-  4.  — CrotJH  SecUoii  of  a  Nervei  /.n.,  nerre  fodciculuB;  pL,  HbeaUi; 
/.  c.  i  connecit  re  tlaaue ;  r.  a. ,  ad  i  pose  cells.     ( After  Ranr ier* ) 
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imtead  of  crossing  in  all  directioria*  It  supports  the  main  blood- 
Tessels  of  the  nerve  trunks  and  has  embedded  in  it  a  certain  amount 
of  adipoee  tissue. 

The  Blood-Ves^eh  of  the  Net-^ves, 

The  nerve  trunks  are  copiously  supplied  with  blood-yessels. 
These  arise  from  many  branches,  but  usually  from  only  one,  or  at 
mo^t  a  few  main  trunks.  In  most  in- 
staueea  the  artery  passes  obliquely  to 
the  nerve  trunk,  and  then  continues 
lor  Bome  distance  on  the  outside  of  the 
sheath,  giving  rise  tt>  many  branches. 
After  penetrating  the  sheath  it  tlivides 
into  two  branches,  one  of  which  passes 
ipwards,  the  other  downwards.  The 
interfascicular  branches  are  numerous 
(see  Fig,  5).  Small  branches  pene- 
trate the  fasciculi,  within  which  thej 
give  origin  to  a  netii^ork  of  capillaries. 
Banrier  also  described  a  capillary 
STstem  in  the  perifascicular  conneo- 
ti?e  tissue. 

The  veins  follow  in  the  main  the 
course  of  the  arteries. 

The  lymphatic  vessels  as  such  do 
Mt  originata  in  the  fasciculi,  but  in 
the  perifascicular  connective  tissue. 
TliG  lamellated  w^alls  of  the  faseiculi 
form  a  syst-em  of  lacunte,  which  act  as 
lymph  channels  and  communicate  with 
tie  lymphatic  vessels  in  the  jierifas- 
cicular  connective  tissue  (BanWer), 

Temiination  of  the  Nerves, 

The  fundamental  fact  to  be  remem- 
bered is  that  the  nerves  terminate  by 
free  ends  at  the  periphery,  juHt  as  it  has  been  shown  already  that 
tlie  neurons  terminate  in  the  central  nerv^ous  system.  The  view, 
formerly  lield  so  commonly,  that  there  are  terminal  B*.mse  organs  in 
tie  shape  of  cells  or  other  stnictures,  continuous  with  the  etnicture 
er\*es,  is  now  known  to  be  eiToneous,  The  Sfwcalled  ctjrpus- 
rhans,  for  inrttance,  have  been  proved  by  the  silver 
i  identity  with  the  nervous  tissue.     In  the  akin  the 
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sensory  fibres  (i>eripheral  sensory  neuronB)  terminate  by  free  arbor- 
izations* Acxjordiug  to  Dejerine,  these  fibres,  still  covered  by  their 
medullary  sheaths,  ramify  under  the  basal  membrane  of  the  papilli]^, 
and  there  give  oflF  fibres  which  are  non-medullated.  These  latter, 
presenting  slight  varicosities,  ramify  freely,  and  terminate  fe/i£;ee?i 
the  eeUs  of  the  llt^lpigbian  bodies. 

In  the  mucous  membrane  the  arrangement  is  practically  the  same 
as  that  in  the  skin.  The  small  nou-medullated  terminal  fibres  pre- 
sent the  same  minute  varicosities,  ginng  the  nerve  twig  a  beaded  ap- 
pearance« 

This  general  plan  of  termination  is  preserved  in  all  nerves  of  com- 
mon sensation,  Modifieations,  which  occur  in  various  structures,  do 
not  radically  change  the  type.  AH  of  them  are  marked  by  this  bead- 
like appearance  of  the  non-meduUated  fibres,  \^'hich  is  produced  by 
small  varicosities  on  the  nerve  twigs.  In  all  cases  the  endings  are 
free. 

In  the  glands  the  terminal  fibres  form  networks  around  the  glandu* 
lar  culs-de-sac,  from  which  networks  fine  end-fibres  are  detached 
which  attach  themselves  directly  to  the  secreting  cells  without  the  in- 
terposition of  any  membrane.  It  must  not  be  understootl,  however, 
that  these  networks  are  formed  of  anastomosing  fibres — ^they  are 
rather  merely  interlacing  fibres* 

On  the  motor  aide  the  termination  of  the  nerves  is  also  by  free  ar- 
borizations, but  these  are  confined  in  the  voluntary  muBcle  to  a  smaU 
territory  or  bulb,  known  as  the  jnoior  pluies,  described  by  Rouget,  by 
Krause,  and  by  Ranvier,  These  motor  phites  are  small  swellings, 
each  one  on  a  distinct  muscular  fibre.  They  present  nuclei  and  are 
covered  by  a  layer  of  sarcolemma.  The  nerve  fibre,  still  medullated, 
penetrates  this  sarcolemma  tons  sheath,  ii^  own  medullated  sheath 
being  lost  within  the  motor  plate,  in  which  its  fibres  end  by  a  free 
arljorization.  It  is  thus  seen  that  the  tyi>e  of  terminal  arliorizations 
is  presented  here  perfectly,  the  only  distinction  being  in  the  organ  in 
which  this  arlxirization  is  effected. 

GENERAL  PHYSIOLOGY  OF  THE  NERVES. 

The  physiology  of  the  nerve  cell,  or  rather  of  the  neuron,  is  of 
cardinal  importance  now,  since  it  fnnns  a  basis  for  the  whole  science 
of  neurology.  Unfortunately  it  cannot  be  said  that  this  physiology 
is  further  advanced  than  its  infancy. 

The  physiology  of  the  neuron  is  somewhat  vaguely  described  by 
physiologifits  as  the  elaboration  of  a  "nerve  impulse."  The  exact 
nature  of  this  nerve  impulse  is  not  thoroughly  apprehended;  a 
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fad,  the  term,  it  is  to  be  feared,  is  too  geueralized  to  convey  very  def- 
inite ideas  or  accurate  knowledge.  We  have  already  seen  that  Deje- 
HM  holds  that  this  iniimlse  is  identical  iu  all  neurons,  that  the  only 
differentiation  consists  in  the  character  and  function  of  the  stnic- 
tare  to  which  the  terminal  arborizations  are  distributed.  This  is 
redoHni?  all  neural  pheuomena  to  the  older  uenriUtt/  of  Vulpian;  but 
wLen  the  complexity  of  imychical  functions  is  couBideredj  it  is  quite 
iocoDceivable.  It  therefore  in  essential  to  recognize  that  neurons  are 
differentiated  in  function,  and  that  this  function  caunot  be  all  com- 
prehended under  one  term.  According  to  Donaldson/  the  prevailing 
idea  seems  to  be  that  this  ner\'e  impulse  is  generated  as  the  result  of 
certain  chemical  changes  in  the  cytoplasm  of  the  cell.  It  seems  to 
be  accompanied  with  certain  electrical  phenomena,  but  it  would  be 
too  much  to  say  that  it  is  identical  with  them.  It  can  be  excited  by 
mechanical,  thermal,  electrical,  or  chemical  indtants.  It  is  not  essen- 
ti&l  that  the  irritant  should  be  applied  to  any  particular  part  of  the 
neurou;  at  what  ever  part  it  is  api>lied  the  nerve  impulse  spreads  out 
from  it  in  all  directions ;  or,  if  tlie  impact  is  made  to  a  branch,  as  the 
axis  cylinder,  the  impulse  esitends  in  opposite  directions.  This  im- 
pdse seems  to  be  limited  to  the  aeuron  itself;  that  is  to  say,  this 
impulse,  when  aritjicialhj  excited  by  an  external  irritant,  drjes  not 
transeend  the  limits  of  the  neuron.  Thus,  when  the  fibres  in  the  an- 
terior root  of  the  spinal  cord  are  stimulated  with  electricity,  there  is 
not  found  by  the  electrometer  any  evidence  of  nerve  impulse  at  the 
Hit  end  of  the  cord  somewhat  cephalad  of  the  irritated  root  (Donald- 
son). This  is  exi>lained  by  the  fact  that  the  nerve  fibres  in  the  ante- 
rior or  ventral  root  are  really  axis  cylinders  from  the  lar^^e  rnultij}oIar 
cells  in  the  anterior  horns  (iieripheral  motor  neurons) ,  and  that  con- 
seqieatly  the  impulse  does  not  transcend  the  limits  of  tbose  neurons, 
which  limits  are  in  their  dendritic  branches,  which  are  distributed  in 
their  immediate  neighborhood  in  the  cord.  The  function  of  these 
motor  neurons  is,  of  course,  to  send  motor  imjiulscs  towards  the  pe- 
riphery', and  this  they  do  also  when  artificially  excited;  hut  it  ia  not 
their  function  to  send  impulses  upwards  through  their  dendrons  into 
the  arborizations  of  the  central  neurons,  and  accordingly  they  do  not 
serf  these  artificially  excited  impulses  upwards  either.  But  as  they 
we  constantly  receiving  normal  or  physiological  impulses  from  alxjve 
through  tlieir  dendrons,  it  seems  to  follow  that  the  path  of  transmis- 
Rinn  18  normally  from  the  arboriyjitions  of  the  contiguous  upper  cells 
^lie  dendrons  of  the  lower-lying  cells,  and  that  this  path  is  not 
*  impulses  excited  by  electrical  irritation.  Tliis  is  in  ac- 
n  of  some  biologists,  that  the  dendrons  are  rccep- 
axis  cylinder  is  a  Immmiliuiy  organ.     It 
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seems  to  be  proved,  however,  that  nerve  impulses  can  travel  tbrough 
a  neuron  in  a  direction  reverse  to  the  physiological  one;  as,  for  in- 
stance, in  the  peripheral  sensory  neuron.  If,  for  instance,  the  cut 
end  of  the  cord  be  stimulated  in  the  posterior  column,  the  impulse  is 
observed  in  the  posterior  root  on  the  distal  side  of  the  ganglion. 
Here,  however,  the  impulse  is  still  confined  to  the  one  neuron,  which 
has  lis  cell  in  the  gangUou,  Donaldson  supposes  that  while  the  body 
of  the  cell  is  excitable,  yet  the  dendrona  are  especially  so — in  other 
words,  that  they  are  adapted  especially  for  the  function  of  receiving 
impressions.  It  must  be  remembered  also,  as  Donaldson  obsen^es, 
that  the  conditions  of  observation  are  such  that  it  is  not  yet  practica- 
ble to  isolate  a  nerve  cell  completely  for  experimental  purposes,  and 
hence  the  question  has  been  raised  whether  exjierimentally  the  neu- 
ron after  all  is  not  dependent  upon  irritation  of  the  arborimtion  of 
contiguous  cells  for  ite  stimulation.  A  priori^  there  does  not  seem 
adequate  ground  for  such  an  aseiimi>tion,  if  we  accord  to  neurom*  an 
inherent  quality  of  excitability.  In  other  w^orda,  we  ma^^  suppose 
that  each  independent  neuron  is  artificially  excitable,  although  phy8it> 
logically  it  may,  as  a  rule,  depend  ui>on  the  stimulus  which  it  receives 
from  the  cell  lying  next  in  series  to  it.  This  ciuestion  is,  after  all, 
only  a  physiologicid  quibble.  If,  for  instance,  it  is  claimed  that  the 
cell  body  is  not  excitable  except  through  the  arboriiiations  of  another 
cell,  the  question  of  excitability  is  only  transferred  from  one  cell  to 
the  other,  because  whether  the  cell  of  one  neuron  is  excitable  or  only 
the  arb<:jri2ation8  of  another,  in  either  case  it  results  that  one  of  these 
neurons  is  excitable.  The  peripheral  sensory  neurons  certiiiuly  axe 
excitable  without  intermediatitm  of  another  neuron.  For  the  t>ath- 
ologist  there  seems  to  be  no  difficulty  in  supiKmiug  that  the  neurons 
are  excitable  by  morbid  agents  anywhere  in  their  course.  This  cer- 
tainly seems  to  be  the  teaching  of  x>athology, 

Schaefer  and  Horsley  have  attempted  to  show  that  Benrons  have  a 
rhythmical  discharge,  and  that  the  rate  of  this  is  about  ten  times  a 
second.  It  is  demonstrated  by  experiment  that  the  nerve  impulse 
travels  at  the  rate  of  aljont  one  hundred  to  one  hundred  and  twenty 
feet  per  second ;  in  the  visceral  nen-es  it  is  only  about  twenty-five  to 
thirty  feet  i)er  second. 

It  seems  to  be  still  an  ol>scure  question  how  nerve  impulses  pass 
physiologically  from  one  neuron  to  another.  "WTietbor  this  is  by  act- 
ual contact  of  the  arborizations  of  one  neuron  witli  either  the  dendrous 
or  the  cell  body  of  anotLer,  or  whetlier  in  the  poftHil)le  absence  of  such 
contact  the  nerve  impulse  in  some  unacc(mnta,ble  way  leaps  across 
this  minute  space,  or  is  conducted  by  the  intervening  neurogliar  tis- 
sue— these  are  still  vexed  questions.     That  there  is  actual  movement 


r 


QENEBAL  PHYSIOLOGY  OF  THE  NEBYE8.  '   17 


of  the  oeuronal  endings^  and  that  these  consequently  are  applied  to 
and  flithdrawD  from  the  contiguous  neuroiiB,  has  indeed  been  sug- 
gested; but  there  is  nothing  in  actual  obeerv^ation  to  support  such  a 
theory.  The  inference  that  a  neuron  acts  like  an  amoeba  and  may  put 
forth  pseudopods,  is  entirely  fanciful.  In  embryonal  life,  indeed^  it 
has  been  claimed  by  biologist^s  that  the  young  celle  just  developing 
from  the  neuroblast^n  are  migraktry,  and  the  i>rolonged  growth  of  their 
prooesaefl,  e-sjieciaUy  their  axis  cylinders,  im plies,  of  course,  some 
progreesiou  through  space ;  but  b)  infer  from  this  that  a  power  of 
liTely  movement  remains  in  the  neurona  during  adult  life  is  not  war- 
ranted. It  can  he  equally  said  cjf  other  embryonal  cells  that  in  ad- 
justing themselves  in  the  formative  i>eriod  of  life  they  have  some 
pwer  of  movement,  or  rather  of  being  moved,  but  this  does  not  im- 
ply that  they  retain  an  active  amoeboid  faculty  during  mature  life. 
All  that  we  can  say  at  present  is  that  there  seemn  to  be  an  ai)precia* 
ble  delay  in  the  transmission  of  an  impulse  from  one  neuron  to 
another. 

A  distinction,  important  to  the  neuropathologiBt,  must  lie  made 
between  the  irritability  and  the  conductivity  of  a  neuron  or  its  axis 
cylinder,  A  fibre  whicli  for  any  reason  may  have  lost  Hh  power  to 
respond  to  external  Btimulants,  may  nevertheless  retain  itn  power  to 
conduct  an  impulse  from  the  cell  body  to  the  terminal  arborizations. 
This  is  seen  enpecially  in  nerve  fibres  that  are  undergf»ing  regenera- 
tion after  injury , 

Other  data  concerning  the  functions  of  the  neuron  have  l)een  and 
are  Ijeing  gathered  hy  physiologist^t,  but  many  of  them  relate  to  phe- 
nomena which  are  still  obscm*e  and  are  not  essential  to  tjur  study  in 
this  jilace. 

The  nutrition  of  the  neuron  is  dependent  in  nome  way,  just  as  in 
the  amceha,  Ufion  the  nucleus.  Any  iK>rtion  of  the  neuron,  cither  of 
its  botly  or  of  any  one  of  its  processes,  will  infallibly  die  if  cut  off 
irom  that  portion  of  the  cell  body  containing  the  nucleus.  The  exact 
vitochemicjil  changes  that  take  ]>lace  in  this  act  of  niitritiou  are  un- 
known. This  is  still  the  |>rime  secret  of  nature.  Tbc  method  of  al>- 
sorbing  nourishment  is  apparently  througli  the  cell  wall  l>y  a  pr<>cesH 
nf  osmosis.  In  this  |>roc-ess  of  nutrition  the  material  is  storeii  w]ii(*h 
liberates  the  force  whicli,  as  wo  have  seen,  is  vaguely  called  the  "  nerve 
impidse."  In  fact,  this  is  the  nuti-itive  j>rn(*(*ttfi  prnl>Ml>ly;  for  it 
Bcarcely  seems  conceivable  that  in  such  a  simple  bridy  nutrition 
should  be  a  separate  process  From  the  storage  of  material  to  nuike 
'  oe.  Hence  the  idea  of  some  (Golgi  el  al )  that  the  dendrons 
concerned  with  absorbing  nutritive  material  and  that  the 
Br  is  alone  a  true  conducting  nerve  organ,  is  not  generally 
XI.— 2 
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accepted.  The  only  diflferentiation  Beems  to  be  that  the  deDdrons  re- 
ceive impulses  and  the  axis  cyliuder  traoamits  them.  In  favor  of  the 
view  that  nxitritioii  and  energising  are  practically  one  and  the  eame 
process  (or  different  phases  of  it) ,  in  the  fact  that  a  nerve  cell  which 
does  not  receive  its  due  allowance  of  stimulant,  and  hence  does  not 
give  forth  impulses,  is  very  soon  seen  to  atrophy.  Thus  if  the  pe- 
ripheral Hensory  neuron  is  deprived  of  it«  cutaneous  bmoch  by  an 
amputation,  it  atrophies.  It  seems,  therefore,  that  each  repeated  act 
of  expending  force  must  lie  followed  by  renewed  nutritive  activity, 
and  thus  the  vigor  of  tJie  cell  is  maintained.  According  to  Donald- 
son, this  is  true  to  such  au  extent  that  iu  a  series  of  neurouH,  if  one 
fails  to  transmit  impulses  to  the  cell  next  in  the  series,  this  latter  cell 
sooner  or  hiter  wastes. 

From  the  factn  already  stated  arises  one  of  the  basal  laws  of  neu- 
ropathology ^the  Wallei'ian  law.  According  t*i  this  a  nerve  fibre 
(axis  cylinder)  when  cut  off  from  its  nutritive  centre  (cell  liinly  with 
nucleus)  tlegenerates.  This  law  was  announced  l>efore  itw  true  mean- 
ing was  recognized;  but  it  is  now  thorougldy  understood  by  referring 
it  to  the  trophic  functions  of  the  cell.  The  nerve  fibre  in  the  nerve 
trunk  is  part  of  that  orgaoic  whole  ciilled  a  neuron.  When  it  is  cut 
off,  either  by  mechanical  injury  or  by  disease,  from  the  cell  b<xly  and 
its  nucleus,  it  degenerates  and  ultimatfdy  perishes.  Thin  fact  is  seen 
so  commonly  in  numerous  diseases  nf  the  cerebrospinal  nerves  that  it 
is  highly  essential  that  the  physiological  law  upon  which  it  depends 
should  be  understood. 

In  addition  to  this  periplieral  degeneration,  there  is  obsei*ved  un- 
der some  circumstances  a  anfraf  atrophy  of  the  neuron  when  it«  axis 
cylinder  or  iis  other  conneeti<mH  have  been  interfered  with.  To  l>e 
seen  in  its  entirety,  however,  this  atrophy  muxst  l)e  seen  in  }  oung  ani- 
mals. It  is  oliserved  especially  well  when  the  injury  has  been  in- 
flicted during  intra-uterine  life.  This  atrophy  may  iiroof^ed  even  to 
complete  disappearance  of  the  whole  neuron,  cell  body  aud  all.  Von 
Gudden  made  use  of  this  fact  to  establish  a  new  method  of  investiga- 
tion (Edinger).  He  observed  tliat,  if  in  very  young  animals  the  axis 
cylinder  were  broken  oil'  mu\  the  cell  lK>dy  dishjdged  from  its  place 
{ie.,  its  denih'itic  couuectians  disturbed  [?]),  the  remaining  portion  of 
the  neunm — that  is  to  8ay,  its  cell  Ixnly  with  the  nuclenj^^atroiihied 
and  entirely  ilisappeared.  By  artiticinHy  removing  the  end  organs  of 
neurons,  as,  for  instance,  by  extirpating  the  eye,  he  was  enabled  to 
follow  up  resulting  atrofjliirs  in  tlie  brain.  These  (*hanges  ])robably 
depend  upon  a  law,  already  nn'ntLrmed,  that  t lie  nutrition  of  a  neuron 
keeps  pace  with  iis  energizing,  aud  tlierefore  that  if  ;iuy thing  inter- 
feres with  the  more  or  less  constant  stimulation  of  the  cell  body  by 
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repeated  impressions  from  withont,  this  cell  body  will  tend  to  deteri- 
orate and  waste.  This,  of  course,  would  apply  to  ^the  sensory  cells 
more  than  to  the  motor  in  case  of  an  ampntation  of  a  limb.  But  even 
in  the  case  of  a  motor  neuron,  if  its  axis  cylinder  is  cut  off  and  the 
cell's  connection  with  its  muscle  is  destroyed,  its  function  must  be 
almost  abolished.  Donaldson  suggests  that  the  struggle  for  existence 
may  be  a  factor  in  the  causation  of  this  atrophy,  since  it  seems  that 
this  struggle  for  nutriment  is  quite  marked  among  embryonal  cells. 
Edinger  examined  the  spinal  cord  from  a  man  who  had  had  an  intra- 
uterine amputation  of  the  left  forearm,  and  found  marked  atrophy  in 
the  left  anterior  horn  of  the  cervical  enlargement.  It  is  important  to 
recollect  that  this  atrophy  is  much  more  marked  when  the  injury  has 
occurred  in  embryonal  or  early  life  than  when  it  has  happened  in  the 
adult.  It  is  more  marked  also  the  nearer  to  the  trunk  the  amputa- 
tion is. 

In  addition  to  these  pathological  changes  in  nutrition,  Hodge 
demonstrated  that  there  is  a  recognizable  change  within  strict  physi- 
ological limits.     In  other  words,  he  showed  that  in  a  condition  of 
fatigue  the  neuron  presents  distinct  visible  changes,  which  evidently 
represent  a  consumption  of  plasma  in  the  elaboration  of  force.     These 
changes  were  noted  especially  in  the  cells  of  the  spinal  ganglia  of 
sparrows,  in  cerebral  and  cerebellar  cells  in  other  birds,  and  in  those 
of  the  antennary  lobes  of  bees.     The  method,  in  brief,  was  to  observe 
these  cells  after  they  had  been  subjected  to  a  full  day's  work,  and 
then  to  compare  them  with  similar  cells  from  other  similar  animals 
after  a  night's  rest.     Similar  effects  can  also  be  produced  by  pro- 
longed stimulation  of  any  of  these  cells  by  the  faradic  current.     This 
has  been  done  by  Hodge*  in  the  cat  and  in  the  frog.     The  changes 
noted  are,  briefly,  shrinking  and  in  some  instances  vacuolation  of 
the  cytoplasm  (the  i)rotoplasm  of  the  cell),  with  lessened  power  to 
stain ;  and  shrinking  and  crenation  of  the  nucleus,  with  loss  of  its 
open  reticular  appearance.     The  nucleolus  also  is  smaller  than  nor- 
mal.   Slight  changes  also  are  noted  in  the  nuclei  of  the  sheaths. 
Vas  and  Mann*  found  a  preliminary  swelling  of  the  cell  after  a  brief 
I>eriod  of  stimulation.     Mann  says  that  during  rest  several  chromatic 
materials  are  stored  up  in  the  nerve  cell,  and  that  these  are  used  up 
hy  it  during  its  activity. 

The  significance  of  these  trophic  changes  in  the  neuron  as  a  re- 
sult of  sustained  activity  is  considerable  to  the  neuropathologist. 
They  are  probably  similar  to  what  occurs  in  some  states  of  prolonged 
nerve  exiiauation.  It  is  probable,  as  the  axis  cylinder  is  but  a  pro- 
lou^jation  of  the  cell  body,  that  its  nutrition  also  suffers  somewhat 
from  long-continued  exertion,  but  this  is  not  demonstrable  as  yet  un- 
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der  the  micrngt'npf^.  Hrul^^f*  says  tlint  the  u)othr>d  of  Kupffnerand  of 
Bovere,  by  i wmic  acid  and  acid  fuchsiii,  deraoDstnites  the  eHfleiitially 
fibrillar  conHtriiction  of  the  axis  cylinder,  but  he  seeins  to  have  made 
no  oheervation  of  changoH  in  tliese  fil)rillfP  as  a  result  of  his  oxperi- 
meDti).  It  has  l>een  found  that  proUmged  stimulation  (for  five  hcmrs) 
by  electricity  does  not  abolish  its  conductiug  power  (Bowditch, 
quoted  by  l>ouaIdsoD)»  but  this  does  iif>t  jirove  that  its  luitrition  is 
not  im [paired  iu  a  corresponding  degree  to  that  of  the  ceU  IxjKly,  lu 
diseasea  of  the  peripheral  iier\^ous  system  we  possibly  meet  with  in* 
stances  of  nerve  tire  and  irerve  exhaustion,  in  which  the  underlying 
oondition  may  Ite  iilentical  with  thctse  minute  anatomical  changes 
originally  described  by  Hotlge*  In  such  instances  it  w^ould,  *jf  course, 
be  difficult  or  even  impossible  to  regard  the  condition  in  the  nerve 
trunk  (axis  cylinder)  as  distinct  and  apart  from  the  condititm  in  the 
eell  bod},  since  these  form  one  anat^miical  unit,  the  neuron.  Henoe 
in  treating  of  the  diseases  of  the  nerve  trunks,  it  may  l>e  necessary  to 
note  this  fact  rjccasionally,  and  |w^rhai>s  sometimes  to  transcend  the 
strict  limits  of  the  peripheral  nervous  system. 

From  the  general  factn  alreaily  stated  with  reference  to  degenera- 
tion and  the  Wallerian  law  has  come  much  special  knowledge  of  the 
course  of  individual  nerve  fibres.  This  is  so  esjiecially  of  the  roots 
of  the  spinal  nerves.  These  roots  are  two  in  numlier.  They 
usually  called  in  human  anatomy  the  anterior  and  the  |K>sterior 
but  they  are  better  called  the  ventral  and  the  dorsal  root— the  disti 
tion  olisei-ved  by  morphologists  in  general.  The  degenerations  result- 
ing from  section  of  these  roots  are  as  foUow^s :  When  the  i^isterior  or 
dorsal  root  is  cut  l:ietween  the  ganglion  and  the  union  with  the  ante- 
rior or  ventral  root,  the  cut  end  next  to  the  gauglit>n  remains  nonna), 
but  the  cut  end  away  from  the  ganglion  degenerates ;  moreover,  in 
the  nerve  trunk  formed  by  the  union  of  these  tw  o  roots  is  found  a 
large  numljer  of  degenerated  fibres,  which  may  l>o  traced  as  sensory 
fibres  to  their  arlTorizations  iu  the  skin.  When  the  ixisterior  or  dor- 
sal TiKit  is  cut  between  the  ganglion  and  the  spinal  cord,  the  cut  end 
next  to  the  ganglion  (just  as  in  the  preceding  case)  remains  normal, 
but  the  cut  end  aw^ay  from  the  ganglion  <legenerates  anil  the  degener- 
ated fibres  extend  for  some  distance  in  the  cord  (posterior  columns). 
It  is  thus  seen  that  the  degeneration  in  the  dorsal  or  sensory  root 
runs  in  one  instance  centrifugally  and  in  the  other  centripetally,  and 
not,  as  was  formerly  claimed,  alw^ays  in  the  direction  of  its  normal 
impohies — which  is  centripetal.  But  in  either  case  mentioned  the 
degeneration  is  always  in  the  fibres  which  have  been  cut  away  from 
the  ganglion,  the  obrious  reason  for  w^hich  is  that  the  ganglion  con- 
tains the  cell  body  of  the' neuron.     When,  on  the  other  hand,  the  an- 
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tenor  or  ventral  root  is  cut  between  the  cord  and  the  union  of  the 

two  roots,  the  cut  end  next  to  the  cord  remains  normal,  but  the  cut 
end  liway  from  the  cord  degenerates;  and,  moreover,  in  the  nerve 
which  is  formed  by  these  two  roots  a  large  number  of  degenerated 
fibres  is  found,  and  these  can  be  proved  to  be  motor  fibres  by  the  fact 
thiit  they  are  distributed  to  muscular  fibres.  In  both  the  ventral  and 
dor&al  rootSj  however,  there  are  a  few  fibres  that  are  an  exception  to 
the  mle.  Thus  if  the  doi-sal  root  be  cut  between  the  ganglion  and 
the  ccird,  a  V6r>'  few  fibres  are  foiliicl  not  degenerated  in  the  cut  end 
Beit  to  the  cord.  These  are  evideuth'  efferent  fibres  nmniug  out  by 
the  dorsal  root  from  neurons  whose  ceU  bodies  are  probably  located 
ID  the  anterior  horns.  Ldkewises  if  the  anterior  or  ventral  root  is  cut, 
while  most  of  the  fibres  in  the  cut  end  away  from  the  cord  degenerate, 
ttvery  lew  fibres  are  found  }iot  degenerated  in  tlds  end;  and  these  are 
probably  fibres  which  come  from  neurons  in  the  ganglion  on  the  dor- 
sal r(X)t,  and  which,  instead  of  proceeding  down  the  nerve  trunk,  turn 
at  the  union  of  the  two  roots  and  pass  upwards  to  the  ventral  or  ante- 
rior root,  thus  endowing  this  root  wdth  ite  sf  j-called  "  recurrent  sensi- 
bility/' For  it  is  found  that  the  distal  cut  end  of  the  ventral  root — 
wMeh  is  undoubtedly  motor — has  nevertheless  a  mHrkeil  seusiliility 
wheu  irritated,  and  thia,  of  course,  it  can  derive  only  from  the  poste- 
rior or  dorsal  root  (Foster). 

With  reference  to  their  functions  the  roots  of  the  spinal  ner\^es 
hflTfi  been  called  respectively  senmry  (for  the  poBterior  or  dorsal  root) 
and  mofew^  (for  the  anterior  or  ventral  root).  There  are  objections  to 
these  terms,  however,  especially  in  the  fact  that  all  nerve  fibres  run- 
mag  out  of  the  central  ner^^ous  system  are  not  necessarily  motor,  aud 
all  fibres  running  into  it  are  not  sensory.  For  instfince,  some  of  the 
former  run  into  glandular  tisanes,  and  some  of  the  latter  are  for 
merely  reflex  arcs,  and  do  not  necessarily  influence  the  sensorium. 
Hence  more  satisfactory  physiological  terms  are  found  in  tfffet'eitt  fur 
the  dorsal,  and  efferent  lor  the  ventral  roots*  These  terms  iudicate 
that  in  the  former  case  the  nerve  fibres  conve^^  impulses  htfu  the  cen- 
tra] nervoiLS  system,  and  in  the  latter  that  they  couve)-  impulses  out 
of  this  system.  In  the  first  case  the  impulses  are  centripettil,  in  the 
second  they  are  centrifugal. 

ElectrotonuB. 

5  axis  cylinder  of  a  neuron,  or  the  collection  of  axis  cylinders 

ng  a  nerve  trunk,  gives  a  series  of  definite  responses  to  electrie- 

^d  this  quality  of  responding  to  an  electrical  etirnuliis  is  called 

trotomts  of  the  neiTe.     This  electrotonus  is  manifested  by  a  va- 

i  series  of  responses,  according  to  the  form  or  mode  of  elec- 
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tricity  which  ia  used,  aod  these  responsen  can  be  formulateil  tiDder  a 
set  of  lawtj. 

The  responses  are  not  the  snnw  for  njUHciihir  tissue  as  for  ner- 
vous tissue— a  distinctiou  that  jnust  be  carefully  oliserved.  In  the 
human  body,  of  cuurse,  it  is  not  possible  artificial ly  to  separate*  the 
muscle  fiom  the  nerve  for  pnr|>oses  of  exj»eriment  aud  study,  and  as 
the  irritability  of  the  iior\-o  is  the  direct  cause  of  the  resjxinKe  in  the 
muscle,  the  two  are  apt  Ui  lie  associated  in  Juiud  as  giving  ideutir^l 
respouses.  But  the  electrotonus  of  muscle^  when  entirely  separated 
from  the  nerve,  is  quite  different  from  that  of  the  nene,  and  this  fact 
is  demonBtrated  f*>r  us  in  tlie  human  body  not  infrcNpicntly  by  di^- 
eftse.  Hence  the  electrotonus  of  the  nerves  is  an  iniportiint  objec^t  of 
study  in  mimy  diseases  of  the  peripheral  neiTous  system. 

T!ofanufmn  the  reaponae  is  as  fnllovvH:  With  tnio  electrode  on  the 
nene  tnmk  an  active  response  occurs  every  time  the  current  is  bmken. 
To  prove  that  this  resjK>n8e  occurs  only  when  the  current  is  broken, 
and  not  when  it  is  ma^le^  it  is  only  necessary  to  re^idate  the  automatic 
interrui)tor  of  the  ordinary  faradic  battery,  ho  that  it  act«  very  slowly, 
or,  better,  t«>  move  it  by  the  finger  at  stated  intervals ;  and  it  can  then 
be  readily  seen  that  the  nniscle  does  not  react  when  the  cont^ict  is 
raatle,  but  only  when  it  is  broken.  This  is  aocordiuK  U*  a  law  which 
will  l>e  exi>lained  later.  The  response  to  faradiHio  is  quick  and 
stronj^,  and  this  is  its  modal  charactt*ristic.  If  the  interrnptor  is  al- 
low^ed  to  vibrate  rapidly,  the  muscle  is  throw^n  into  a  abiie  of  almost 
ionic  ri^dity ;  it  is  "tetanized/**  as  the  expression  is.  In  other 
words,  it  does  not  lieeome  completely  relaxed  lietweeu  emdi  famdio 
stiinulation^  and  this  is  because  the  faradic  shm^ks  are  in  such  rapid 
serjuence  that  the  muscle  has  no  time  tlms  t-o  relax.  lu  this  reaction 
to  farailisni  the  ninscle  reacts  only  l>ecanse  stimulated  throuKh  the 
nerve;  iu  other  words,  muscular  tissue  by  itself  is  not  excitiible  by 
the  faradic  cuiTcnt 

To  galvaamm  the  reactions  of  a  nerve  tinink  follow  a  definite  law. 
It  is  customary  to  study  these  reactions  as  they  occur  in  motor 
nervals,  liecause  these  nerves  excite  visible  responses  in  the  musck^s 
to  which  they  are  distributed;  hence  these  responses  are  easily  stud- 
ied. But  it  is  im|K>rtaut  to  bear  in  mind  that  the  law  of  electro- 
tonus  is  the  same  for  l>oth  sensory  and  motor  nerves,  although  not  so 
readily  appreciated  in  the  former  as  in  the  latter.  When  a  motor 
ner\*e  is  stimulated  by  electricity  and  a  resi>onse  is  excited  in  the 
muscle,  the  nerve  is  not  acting  fis  a  mere  conducting  wire  tti  the  mus- 
cle; in  other  words,  the  muscle  in  these  circumstances  is  not  re- 
sponding to  an  electrical  impulse  which  has  been  conveyed  to  it  by 
the  nerve.     On  the  contrary,  it  is  not  necessary  that  any  of  the  eleo* 
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tricih-  should  reach  the  muscle ;  the  nerve  responds  by  virtue  of  the 
apeckl  power  of  the  Deurons  to  generate  a  uer^'e  impulse  under  ex- 
citement and  it  is  this  imjiulHe  which  excites  the  muscle.  Hence  the 
birther  hum  tlje  luusclo  the  'nerve  is  atimulat^Hl,  i.e.,  the  nearer  to  its 
cdl  kulies  in  the  cord,  the  more  active  the  response  in  the  muscle, 
wliich  would  not  l>e  the  Cii^e  if  the  response  depended  on  transmitted 
electricity  along  the  nerve  to  the  muscle  (Bennett).  Another  proof 
that  in  the^^e  circuniHtances  it  is  not  the  muscle  but  the  nerve  which 
iseicited  by  the  electricity,  is  the  fact  that  when  muscular  tissue  is 
entirely  separated  from  its  nerves  and  diret-tly  stimulated  with  elec- 
tricity, its  responses  are  different  in  some  important  particulars  from 
tbf»fte  which  it  exhibits  when  its  nerves  are  excited.  Still  another 
proof  is  the  fact  that  a  muscle  is  especially  excitable  at  the  point 
where  the  nerve  enters  it^its  so-called  motor  jKiint* 

The  character  of  the  reaponKe  to  gtdvanism  is  sudden,  tense,  and 
quick,  just  as  it  is  to  faradism.  But  these  responses  are  due  to  al- 
terations in  the  current  strength ;  without  such  alterations  no  response 
occirs  t^  galvanism.  Thus  after  a  current  has  started  to  run  through 
a  motor  nerve  there  is  no  continuous  contracture  of  the  muscle  all  the 
while  it  is  runmng;  the  muscle  contracts  only  when  an  alteration  in 
L'urrent  strength  occurs.  If  this  alteration  is  sudden  and  complete, 
ag  when  the  current  is  made  and  broken,  the  contraction  of  the  mus- 
cles is  prompt  and  conspicuous.  The  fiuick,  promx^t  character  of  the 
response  to  electricity  is  called,  as  above  stated,  the  modtd  charact^^r- 
istii\  The  responses  to  the  alterations  in  current  strength,  i.e.,  to 
the  making  and  breaking  of  the  current,  are  called  the  strifd  or  quali- 
tative responses,  and  these  have  also  a  definite  character. 

These  serial  responses  foU<Av  the  law  of  Pfluger,  According  to 
thift  law  an  exposed  nerve,  as  in  a  frog,  responds  to  the  ntgafive  jiole 
when  the  current  is  cloned^  and  to  the  pofiitive  ])ole  when  the  current  is 
**f>emL  The  negative  pole  increases  excitability,  the  positive  polo 
^Hminishes  it  in  the  neuron. 

In  order  to  render  this    important  physiological  law  still  more 

flear,  it  can  be  studied  diagrammatically.     Some  confnaion  would  lie 

avoided  if  the  terms  a^cendintj  and  JewynKnuff  curreuts  were  al>oHshed, 

and  if  the  action  of  the  current  were  studied  with  reference  to  only 

electrode   at  a  time.      The   diagram    (Fig.   B)    represents   two 

A  and  B,  each  with  a  muscle  attached.     lo  A  the  current  from 

-  is  applied  with  the  anode  near  the  end  of  the  nerve  and  the 

lejir  the  muscle.     If  an  irritating  sidistauce,  as  salt,  be  ap- 

while  the  circuit  is  open,  the  muscle  responds  actively ; 

iponses  become  weaker  or  entirely  disappear  as  soon  as 

IS  turned  on*     The  explanation  for  this  is  that  the  posi- 
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tive  pole  with  its  sedative  influeace  puts  the  nerve  in  a  state  of  low- 
ered excitability  at  and  near  tbe  irritated  poiDt,  and  consequently  the 
nerve  cannot  respond  to  an  imtant;  but  aa  soon  as  the  circuit  is 
opened  once  more,  Le.^  as  soon  aa  the  sedative  eifect  is  removed ,  the 
muscle  resi>onds  promptly.  If,  however,  the  irritation  be  made  at 
K',  the  response  of  the  muscle  is  increased  at  the  closure  of  the  cir- 
cuit, l>ecause  at  this  end  of  the  neiTe  the  negative  or  stimulating  pole 
acts^  and  is  not  interfered  with  by  the  anode.  In  B  the  current  is  ap- 
plied in  an  opposite  direction.  If  the  ir- 
ritant, Halt,  be  applied  at  r  and  a  weak 
current  be  turned  on,  the  response  to  the 
irritant  is  increased,  because  the  irritant 
acts  in  conjunctitm  with  the  cathode  or 
Htiraulating  pole,  while  the  anode  is  t*xj 
weak  to  opi>o8e  an  eflfectual  barrier.  But 
with  a  strong  current  the  result  is  dif- 
ferent; the  muscle  diH3s  not  resi>ond,  and 
this  is  beciiuse  the  anode  has  now  in- 
creased in  ]>owf*r  suffitneiitly  to  deaden 
the  seiisibility  of  the  nerve  and  prevent 
tlio  jjassage  of  the  impulse  to  the  mus- 
cle. Thus  Pfliigpr's  law  is  simplified  by 
the  statenieut  that  it  depends  upon  the 
sedative  action  of  the  anode  and  the  stim- 
ulating action  of  the  cathode  upon  the 
neuron,  according  im  iheae  are  placed  with 
reference,  in  the  motor  nerves,  to  the  nerve  impulse  and  the  muscle. 

In  order  to  test  these  responses  in  the  human  body  it  is  necessary, 
of  course,  to  apply  the  electrode  to  the  nerve  through  the  skin.  The 
results  are  not  exactly  the  same  as  when  the  naked  nerve  is  experi- 
mentally tested  in  the  lower  i^iniumls.  Siu'h  exceptions  as  occur  are 
probably  caused  by  d]ffusif)n  of  the  enrnmt.  But  one  electrode 
should  be  applied  over  tlie  nerve;  this  is  called  the  rtr/iVe  electrode; 
the  other,  or  infjiffhritt  electrode,  may  be  i>laeed  on  the  sternum  or 
elsew^here  on  tlie  surface  at  a  point  where  it  cannot  influence  the  nerve 
to  be  tested.  The  positive  i>ole  is  called  the  anodtf,  the  negative  pole 
the  rath<}Je,  Under  these  conditions  it  is  posflible*  of  course,  to  stim- 
ulate the  nerve  in  ffmr  diflVrent  ways,  i,t\^  by  closing  the  current  or 
by  opening  the  cuiTent,  w^th  either  the  cathode  or  the  anode  on  the 
nerve.  It  is  found  tm  the  human  nen-e  that  the  cathode,  at  closure  of 
the  current,  is  the  most  stimulutiug;  consequently  with  a  very  w 
current  this  may  be  the  only  response,  and  it  will  cerb% 
first  in  the  series.     It  is  called  the  cathodal  clofl''^ 


Flo.  6.  -Method  of  Testing  the 
KxcitabUiLy  Ju  Ekvtrutotiiis. 
(After  LaDdoiaaad  Stirling.) 
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ceil  The  next  in  the  series  to  excite  a  response  is  the  anode,  but 
at  the  opening  insteml  of  the  closing  of  the  euixent ;  hence  this  is 
e&Ued  the  anodal  opening  contraction,  or  AOC-  The  third  in  the  se- 
ries to  excite  a  resiionsa,  with  a  gradual  increase  of  current  strength, 
i§  the  anode  at  tlie  closing  of  the  circuit;  hence  ancxlal  closure  con- 
tmetian,  or  ACC.  The  hist,  and  unually  only  with  a  verv  strong  and 
paiiifnl  current,  is  the  cathode  at  the  opening  of  the  circuit;  hence 
cathodal  opening  contraction,  or  COC.  These  may  be  called  the 
cLwwical  aerial  or  ipatiilative  reactions  of  the  neurons  to  electricity. 
Moat  healthy   nerves    resi>ond   to   a  definite   strength    of    current. 


Flo.  7.— Ditftifram  Bbowlng  DlffiiRlon  of  Cunvut  l..eiiH(iK  a  Nenre. 


although   nances  in  the   human  ImrIv   differ  amoug   themselves  as 

to  the  required  strength,   probably  because  of  physical  chanu-ter- 

istics,  depth  l>elowthe  surface,  etc.     Within  normal  limits  the  nerve 

is  said  Uy  have  a  qniutfitafwe  reaction;  l)ut  this  may  l>e  increased  or 

dirainished  by  disease.     Why  these  variations  occur— why,  in  other 

ffonls,  the  neuron  responds  with  different  degrees  of  vigor  U^  these 

variations  in  the  aj* plication  of  the  current — is  a  cjuestion  which  it  is 

Dot  ^nDssible  to  answer.     It  acts  so  because  of  some  inlierent  (pmlity 

in  the  cytoplasm,  nr  some  essential  but  obscure  tpiality  in  the  electric 

current,  with  which  we  are  not  familiar* 

■        T_  11      1     ^^^  subject,  however,  with  the  current  applied  to  the 

^^^  le  skin,  the  results  are  not  always  the  same  as  those 

^^K  les  the  anodal  closure  contraction — ACC— equals 

^^1  force  the  anodal  oj>ening  contniction — AOC. 

^^H  re  for  thiH  exception  is  tliat  the  diffusiou  of 

^^H  >  must  in  some  way  modify  the  results. 

^^^  what  seems  to  be  an  ACC  is  actuaUy 
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a  CCC,  the  cathode  acting  at  the  closure  of  the  circuit,  but  iu  the  zone 
of  greater  ditfusioD,  and  hence  not  exciting  as  strong  a  reaction  as 
when  acting  in  a  more  concentrated  form.  This  is  illustrated  in  the 
accompanying  diagram  (Fig.  7)-  Here  the  anode  is  applied  over 
the  ulnar  nerve.  The  anodal  influence  or  zone  is  marked  +  ,  But 
because  of  the  diffusion  of  the  current  it  escapes  from  the  nerve  iu  a 
much  wider  zone,  and  this  of  course  is  cathodal,  and  is  marked  —  . 
Now  when  a  contraction  occurs  at  the  closing  of  the  circuit  at  tliia 
pole,  it  is  probably  not  ao  anodal  but  a  catlu)dal  effect,  and  thuB  the 
law  of  Pfliiger  is  not  invalidated,  as  it  would  seem  to  be  at  first  sight 
by  the  apx>arent  reaction  of  the  anode  at  the  dmure  of  the  circuit. 
If  we  suppose  the  current  to  be  reversed,  we  see  at  ouce  why  it  is  bo 
difiicult  to  obtain  the  COO.  In  this  case  the  anode  would  be  acting 
iu  the  zone  t)f  greater  diffuaion,  and  as  the  opening  contraction  really 
depeuLls  upon  it,  this  could  be  obtained  only  with  a  current  of  great 
Htrength.  In  other  respects  the  series  is  as  in  the  exposed  nerve;  the 
cathodal  closure  is  always  the  most  exciting,  and  the  cathodal  oj>en- 
ing  is  the  least  so.  A  reapouBe  to  the  latter,  in  fac^t,  is  so  difficult  te 
obtain,  and  the  procedure  is  ho  painful,  that  it  can  practically  be  put 
out  of  count. 

The  formula  ftir  the  normal  reactions  is  usually  stated  thus : 
CCC  >  ACC  >  AOC  >  COG. 

The  sign  >  indicates  that  that  reaction  is  greater  towards  which 
the  sigu  expands — thus  the  formula,  CCC  >  AOC,  indicates  that 
the  cath<:)dal  closure  contraction  is  greater  than  the  anodal  opening 
contraction.  If  the  two  symbols  are  joined  by  the  sign  of  eijuality 
(  =  ) ,  this  indicates  that  these  tw^o  I'eactions  are  etiual  in  force.  Thus 
the  formula  AOC  =  ACC,  indicates  that  the  anodal  opening  contrac- 
tion and  the  anodal  closure  contraction  are  erpial,  as  is  the  case  usu- 
all}^  in  the  normal  human  nerve.  Thus  the  formula  for  the  normal 
humau  nerve,  as  tested  through  the  skiu,  is  as  follows : 
CCC  >  ACC  -  AOC  >  COC. 

It  has  l^een  stated  that  the  reai'tion  occurs  only  at  the  moment 
when  the  current  is  either  closed  f>r  opened,  and  not  wdiile  the  cur- 
rent is  running  through  the  nerve.  This  ia  so,  however,  only  within 
certain  limits;  to  very  strong  currents,  runuiug  continuously,  them 
ma\'  be  a  continuous  tetanic  contraction,  and  this  iscalledthe  dura- 
fmti  fefatiff.     Its  symbol  is  DT  (De  Watteville). 

The  reactions  thus  far  stated  are  tliose  of  the  neurons ;  the  muscu- 
lar responses  are  sei-ondary  and  entirely  subordinate  to  the  excitation 
of  the  nerves.  But  the  inmcular  lisfiue  has  its  own  way  of  responding 
to  electricity.     This  can  be  tested  when  this  tissue  is  apparently  en- 
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tirely  cut  oflF  from  nervous  influence,  as  happens  sometimea  by  the 
action  of  certain  drugs  (curare),  and,  more  important  still,  by  the 
action  of  certiiin  diseases.  These  re?u?tioas,  in  brief,  are  as  foilows  i 
Tofaradism,  the  muscular  fibre  will  not  reaet  at  all.  It  seems  that 
this  tia^ue  is  yot  sufficiently  excitable  to  respond  to  the  exceedingly 
hnd  shock  of  the  laradic  contact.  When  a  muscle  seemingly  reacts 
tofiiradismj  it  does  so  in  fact  liecause  it  is  still  attached  to  living  and 
(tUR'tionating  neurons,  and  is  receiving  impulses  from  them  and  not 
tlirectly  from  the  current.  Hence  the  apparent  muscular  response 
iofarailism  is  always  an  importjini  indication  that  the  nervous  tissue 
is  still  healthy.  To  galvanism  the  muscular  tissue,  when  freed  en- 
tirely from  ner\^ouB  influence  and  still  healthy  itself  (?),  responds  at 
firat  to  even  a  milder  cuiTent  than  does  the  neuron ;  in  other  words, 
it  is  rather  more  excitidjle.  This  is  called  a  qnantitafive  increase.  It 
19  especially  notable  if  the  shocks  are  nhniit/  rejieated,  i.e.,  if  the 
qHuniUy  of  electricity  is  augmented.  Instead,  however,  of  this  i*e- 
ipotisG  l>eiag  sudden  and  quick,  it  is  distinctly  slower  and  more  slug- 
gisk  than  it  is  when  the  muscle  is  excited  through  the  nerve.  This  is 
called  the  modal  phenomenon.  It  may  even  amount  to  a  tetany  (du- 
ration tetany).  The  serial  or  <iuaUtative  reactions  Uy  galvanism  are 
the  same  in  the  muscle  as  they  are  in  the  neuron,  hh  long  an  the  mus- 
cle m  attached  to  the  healthy  nerve,  but  after  it  is  separated  these  re- 
actions change  and  constitute  the  "  reactions  of  degeneration"  (i*.  74). 

It  must  be  held  in  mind,  of  coui^se,  that  nerve  and  muscle  are  so 
closely  related  that  it  is  difficult  to  prove  that  the  muscular  tissue  is 
really  healthy  when  cut  off*  from  its  normal  nervous  counectiou.  Thus 
it  may  be  a  question  whether  the  quantitative  increase  to  galvanism 
ia  not  really  due  to  irritation  of  the  intermuscular  nerve  endings, 
canfwil  by  degenerative  changes  in  them.  This  will  he  discussed 
agaia  in  relation  to  the  reactions  of  degeneration,  when  the  qualiui- 
tive  changes  also  will  be  described,  ' 

Besides  the  variations  and  exceptions  already  noted  in  the  law  of 
C'lectrotonus  of  nerve  and  muscle,  the  following  is  of  importance :  Ttj 
fibtun  the  AOC  it  is  sometimes  necessary  to  permit  the  cuiTent  to 
mn  lor  a  certain  appreciable  time  before  breaking  it.  It  sooms  nec- 
^ssarj  to  get  the  nerve  thoroughly  under  the  current* s  influence  l>e- 
ffjreitwill  respond  to  the  stimulus  at  the  breaking  fif  the  contact. 
A(?ain,  after  repeating  this  procedure  a  few  times,  the  AGO  gradu- 
%  disappears;  the  same  is  true  of  the  COG,  But  i\\m  is  not  (jb- 
»enred  of  eitlier  the  CCC  or  the  ACC.  These  facta  are  explained  by 
f^ferriug  again  to  Pfliiger*s  law  of  electrotonus  of  nerve.  Accoriliug 
to  this  law  the  cathode  excites  tlie  neuron,  but  the  anode  dulls  it. 
Hence  the  cathode  causes  a  reaction  at  the  closure  of  the  current, 
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while  the  anode  can  cause  a  reaction  only  at  the  opening  of  the  cur- 
rent, because  this  opening  of  the  current  acts  as*  a  removal  of  a  seda- 
tive influence,  which  permits  the  neuron  to  regain  its  normal  point  of 
excitability,  and  this  is  marked  by  a  reaction.  Consequently  by  pro- 
longing this  sedative  influence  for  a  time  the  rebound  of  the  neuron, 
as  it  were,  is  more  marked,  but  reijetitions  of  this  sedative  action 
seem  to  exhaust  the  neuron  for  the  time. 

Modes  of  Sensation* 

A  sensory  neuron  conducts  at  least  three  distinct  kinds  or  modes 
of  sensation.  These  are,  first,  the  tactile  sense ;  second,  the  ientpera- 
tare  sense;  and  third,  the  pain  sense.  Some  authorities  would  add  a 
fourth,  or  mmctiku\  sense;  this,  however,  may  not  Ije  a  true  sense, 
but  merely  an  affection  of  the  motor  neurou  itself,  appreciable  by 
consciousness. 

In  addition  to  these  general  or  common  mmles  of  sensation,  there 
are  also  the  ^peeial  senses.  For  these  latter  senses  certain  neurons 
have  been  set  ai>art  or  difi'erentiated  to  subserve  a  special  purpose. 
Tbey  are  only  sensitive  each  k>  a  particular  kind  of  impression ;  for 
instance,  to  the  impression  made  respectively  by  light,  sound,  and 
odorous  and  sapid  substances.  It  is  customary  to  divide  sensation 
into  rortiHtoii  and  siterial ;  but  it  is  not  easy  to  say  exactly  in  what  tlie 
ilistiuction  consists.  Common  sensation,  says  Dana,  is  that  wliich 
is  referred  to  the  body  itself,  wliile  special  sensation  is  always  re- 
ferred tf)  an  object  outside  the  body ;  thus  pain  is  a  common  sense, 
but  touch,  like  sight  and  hearing,  is  a  special  sense.  But  is  this  dis- 
tinction radical?  The  painful  la'ifk  of  a  pin  is  certainly  referred  to 
its  object.  Tlie  truth  is,  tlje  distiiictiou  is  nnimi>ortant  The  func- 
tions of  thet^e  special  senses  will  be  descrilit^d  more  in  detail  when  the 
diseases  of  tlieir  nerves  are  deficri})ed.  To  the  biologist  they  present 
iin[M)rtaiit  jiroblems  with  referenc(>  to  the  evolutifm  of  their  ueiu'ons 
from  the  ordinary  neurons  of  conunou  sensation.  For  the  present  it  is 
snflicieut  to  say  tliat  they  are  evidently  thoroughly  differentiated,  antJ 
do  not  subserve  any  of  the  functions  of  ordinary  or  common  sensation. 

It  is  an  interesting  questitm  why  and  how  the  same  neuron  ap- 
parently conducts  the  three  modes — touch,  pain,  and  temperature. 
This  problem  is  made  more  obscure  by  the  undoubted  fact  that 
some  diseases  (syringomyelia  and  some  forms  of  neuritis)  dissociate 
these  modes  of  sensatiou,  abolishiug  one  or  two  and  not  the  other. 
We  are  not  exactly  concerned  here  with  the  purely  psychological 
(juestiou  of  what  constitutes  pain."  We  are  considering  now  the  sev- 
eral modes  of  sensation,  one  of  which  is  that  state  called  physical 
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paiiL  As  there  is  no  satisfactory  evidence  that  there  are  separate 
peripheral  neurons,  one  for  each  distinct  mode  of  sensation,  we  are 
forced  to  the  conclusion  that  each  peripheral  sensory  neuron  is  en- 
dowed with  the  faculty  of  conducting  all  these  separate  impulses. 
There  does  not  seem,  from  the  physiological  standpoint,  to  be  any 
difficulty  in  conceiving  the  neuron  to  be  thus  endowed ;  the  cytoplasm 
in  the  motor  neuron  is  well  known  to  react  to  more  than  one  kind  of 
irritant  (electricity,  acids,  salt),  therefore  in  the  sensory  neuron  also 
there  may  be  the  x)ower  of  reacting  to  different  kinds  of  stimulants. 
Such  are,  at  any  rate,  the  plain  physiological  facts. 

It  is  x>roper  to  state,  on  the  other  hand,  that  some  authorities 
claim  that  the  peripheral  sensory  neurons  are  differentiated  for  these 
several  functions.     Thus  Landois  and  Sterling'  state  that  there  are 
hco  functionally  different  fibres — one  for  pain,  the  other  for  touch — 
bat  they  give  no  proof  for  such  a  claim.     Jakob  says  that  it  is  not 
determined  whether   different  tracts   for  the  various    qualities   are 
present,  but  he  assumes  that  it  is  probable.     Goldscheider  (quoted 
by  Landois  and  Sterling)  goes  even  so  far  as  to  claim  that  there 
ire  four  special  kinds  of  cutaneous  nerves — one  for  heat,  one  for 
cdd,  one  for  pressure,  and,  lastly,  one  for  touch.     It  is  notable  that 
those  who  claim  the  existence  of  such  special  nerves  give  no  his- 
tological evidence  of  them,  and  that  they  vary  as  much  among  them- 
selves as  do  Landois  and  Sterling  on  the  one  hand,  and  Goldscheider 
00  the  other.     Ferrier  has  given  in  part  a  more  rational  explana- 
tion; he  says  that  the  facts  are  more  readily  explainable   on  the 
theory  that  there  are  differences  in  the  peripheral  organs  and   in 
the  receptivity  of  the  nerves  to  various  forms  of  external  agencies. 
He  thinks  that  dise^ase  may  so  affect  the  common  sensory  paths  as 
t<^  render  them  unable  to  convey  one  kind  of  impression  while  still 
able  to  convey  another.     As  to  a  difference  in  the  end  organs,  here 
a88nmed  by  Ferrier,  it  is  sufficient  to  recall  that  these  sensory  end 
organs  are  the  arborizations  of  the  neurons,  and  that  there   is  no 
evidence  of  any  differentiation  in  them,  at  least  in  external  form 
Afl  to  his  second  theory,  that  nerves  of  common  sense  may  also  be 
affected  by  various  stimulants,  as  heat,  pain,  etc.,  this  seems  to  be 
the  nearest  in  accord  with  histological  facts.     It  is  cpite  possible  to 
conceive,  as  already  said,  that  the  i)eripheral  sensory  neuron  is  able 
to  respond  to  various  stimulants  and  to  conduct  a  variety  of  impulses 
(as  touch,  temperature,  and  pain),  and  that  in  some  pathological 
conditions   one  or   other  of  these  powers   may  be   abolished.      As 
Ferrier  says,  we   cannot  even  profitably  speculate  as  yet  upon  the 
possible  changes  in  the  molecular  condition  of  the  axis  cylinder  upon 
which  such  differences  may  dex)end. 
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The  faciile  sense  is  nut  distributed  equally  to  all  parts  of  the  sldiL 
It  is  more  acute  in  some  regions,  as  the  tip  of  the  tongue,  the  tips  of  I 
the  fingers,  the  palma,  the  face,  etc.     It  is  least  marked  iu  the  hack. 
It  is  entirely  absent  from  the  viscera,  accordixig  to  the  few  accurate 
observations  that  have  been  made  by  means  of  fistulm,  etc. ,  but  these 
observations  recjuire  to  l>e  confirmed  so  far  as  the  mucous  membninea 
are  concerned*     The  tactile  sense  is  excited  only  through  the  end  or- 
gan, acxjording  to  Landois  and  Sterling ;  but  this  statement  is  not  in 
strict  accord  with  obser\^ations  made  on  amputated  limbs.     In  such 
aises  there  ia  iisually  a  phantom  limb,  in  which  subjective  sensatirms 
of  touch,  as  well  as  pain  and  muscular  sense,  exist  and  are  referred 
to  the  periphery.     Still  it  is  true  that  ordinary  irritation  of  a  nerve 
trunk  does  not  excite  tactile  seusatiooi*  referable  to  the  periphery* 

Too  strong  stiinulants  of  any  kind  applied  to  the  periphery  bo 
longer  cause  simple  tactile  sensations,  but  excite  pain;  in  this  in- 
stance, the  one  mode  of  sensation  ai>parently  passes  into  the  other. 
When  ijain  is  once  established,  the  tactile  sensation  is  no  longer  a|> 
preciated  as  such.  This  seems  to  be  a  proof  that  these  two  mtides  of 
sensation  are  only  variations  in  the  rBaction  of  one  and  the  same  kind 
of  neurons - 

Tactile  imtiressions  may  be  both  enumerated  and  located  within 
certain  limits  by  the  mind.  Both  acts,  enumeration  and  localization, 
are  probably  purely  mental  acts,  and  therefore  not  modifications  of 
the  sensory  act  i»rn]>er. 

By  the  act  of  localization  the  mind  tells  what  part  is  touched,  Le., 
what  group  of  neurons  is  affected-  This,  as  already  said,  is  appar- 
ently a  i>ure  act  of  perception,  hence  an  act  of  the  brain,  and  not 
properly  an  act  of  the  i>eripheral  sensory  neurons  themselves.  It 
may  bo  disturbed,  ht)wever,  by  disease  of  the  peripheral  nervous  sys- 
t<»in;  this  is  evidently  becjiUHe,  in  such  an  iuHtance,  the  disease  inter- 
feres with  the  conduction  of  imi)ressions  to  the  brain  or  conducts 
altered  or  abnormtd  impressions ;  hence  the  mind,  recei\ing  either  no 
im|iressions  or  only  almornial  ones,  is  not  able  to  conclude  j>n>i>erly 
as  to  Ifx^ation.  It  fails  sim[jly  because  it  bas  not  its  proper  stimulus. 
This  is  proved  still  further  V>y  that  singular  panwloxieal  action  of  the 
mind  in  wliicli  it  mistakes  entirel,\  the  \M\Yi  touched,  and  may  even 
lot  ■ate  it  on  the  opposite  side.  This,  howeviT,  is  not  usually  due  to 
{jeriplieral  disease.  According  to  Landois  and  Sterling,  the  sense  of 
lix'jility  for  percei>tifm,  mf>re  properlv)  is  more  acute  the  greater  the 
number  of  tactile  nerves  in  the  jnirt;  the  gi-eater  the  mobility  of  the 
part,  as  in  the  fiiij^ers  and  hies;  and  in  the  transverse  than  in  the  long 
axis  of  'A  liinl),      Ulien  two  points  •*^'  1^  distinguished 

at  shfjrter  distances  apart  if  the;  er,  in- 
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«tead  of  simiiltaiieoiisly ;  if  they  are  eitlie?  considerably  warmer  or 
colder  thaD  the  skin ;  if  the  points  are  gradually  approximated  instead 
of  gmdnally  separated;  and  if  one  point  is  eciIJ  and  the  other  hot  (al- 
though this  latter  tei*t  does  not  tliHtinguish  di^bmce  so  well) ,  Exer- 
1  ise  and  a  moist  skin  improve  this  powder  of  localization,  evidently  by 
waking  tlie  arborizations  of  the  neurons  more  accessible  through  the 
skin;  and*  for  an  opposite  reason,  ischaBmia  of  a  part,  as  that  induced 
bv  holding  the  hand  aloft,  decreases  this  fiower* 

Welier  measured  accurately  in  millimetres  the  smallest  space  at 
which  the  two  separate  points  of  an  lesthesiometer  can  be  distin- 
Ifiiished  in  different  regions  of  the  body.  His  table,  as  given  by  Ja- 
bb,  is  as  follows : 


MUEmetres. 

Tip  of  tongue 1. 

Finger  tipe 2* 

lip.... 4 

Tip  of  noee 6,5 

Check .,  11. 

Forehead 30. 

Chest 44. 

Middle  of  back 65. 


MilUmetrea. 

Buttocks.  _ 39. 

Upper  ami 65. 

Forearm 80. 

volar  aide.  .  * 11. 

I  dorsal  side 39. 

Thigh 89, 

Leg  or  toes 11. 


Hand  ]  ^ 


This  table,  it  is  more  than  probable,  ia  not  absolutely  fi.^etl.  The 
power  of  intliviiltialB  no  donbt  difiFers,  both  in  the  same  intlividual  at 
different  times,  and  among  individuals.  Weber's  table  is  accepted 
and  extensively  quoted,  and  no  one  seems  to  stoi)  to  question  its  ac- 
euittcy ;  but  ac*cording  to  my  own  observations  it  is  far  from  accnrate, 
especially  in  the  great  distance  it  gives  for  some  parts  ol  the  botly. 
Skist  persons  by  whom  I  have  tested  it  have  Ijeen  able  to  diMtingiiiHh 
imta  much  nearer  together  than  indicated  in  the  table.  It  seems 
tnie,  however,  that  the  order  of  sensibility  of  jjart^s,  beginning  with 
tte  tongue,  as  puWished  by  Weber,  is  in  the  main  correct. 

Tlie  iemperaiiire  sense,  like  the  tactile  sense,  varies  for  different 
reginng  of  the  body,  Weber  found  it  leas  acute  on  the  median  line 
th&non  either  side.  The  regions  of  the  surface  vary  in  their  sensi- 
bility tc*  temperature  in  the  follow^ing  order:  ti[)  of  the  tongue,  eye- 
lids, cheeks,  lii>s,  neck,  and  Ixxly.  This  sense  is  more  acute  in  a 
'  ji  in  a  small  area.  Extreme  cold  (ice)  is  more  readily  mis- 
heat  than  vice  ver*s?a,  but  this  perhaps  only  in  [lathological 
flTerencee  in  temperature  of  ver\'  slight  degree  are  more 
iated  in  objects  of  median  temperature  (27 ''-35'^  0.)* 
w  the.se  points  tera|)erature  gradually  ^tows  xiueoni- 
•ges  into  jmin.  This  transfer  of  tenq  Mn-ature  Hcnse 
8  similar  to  what  occurs  in  the  ciise  of  tactile  sense, 
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SB  already  noted,  and  seems  to  be  a  farther  proof  that  pain  sense  if 
only  a  modification  or  intensification  of  one  or  other  of  these  modes  rf  ^ 
seneation.  According  to  GolAscheider,  two  objects,  as  cylinders,  are 
recognized  at  mncL  sinaller  diatanees  apart  when  they  are  either  hot 
or  cold  than  when  at  the  ordinarj  temiierature.  It  is  noteworthy 
that  the  temperature  seiiHe  and  pain  sense  are  not  infreciuently  abol- 
ished together,  while  the  tactile  sense  remains,  as  in  syringomyelia. 
If  these  two  senses  are  but  mc  Klificatif  ms  of  common  tactile  sensibil- 
ity, it  seems  i)robable  that  disease  may  affect  or  enfeeble  the  nenmn 
so  as  to  abolish  iin  jxiwer  of  reacting  to  heat  and  pain,  without  abf*t- 
ishiug  itn  jxjwer  t^i  conduct  tat*tile  impulses. 

The  j^tui  sense  is  always  disidayed  by  the  sensory  neuron  when 
the  stiniulating  action  of  an  irritant  apjjlied  to  it  passes  certain  lim- 
its.  Hence  any  and  ever\'  form  of  irritant  can  become  the  cause  of 
pain — common  tactile  sense  and  temperature  sense  lx>th  passing  into 
pain  sense  by  insensible  gradation.  What  the  exact  limits  are  be- 
tween the  other  modes  of  sense  and  the  sense  of  pain  is  an  obscure 
fpiestiou,  and  tlie  raoleeular  changes  in  the  cytoplasm  underlying  this 
transition  are  totally  unknown.  It  is  significant,  however,  that  pain 
usuries,  as  it  were,  the  jilace  of  the  others.  This  seems  to  be  a  proof 
that  pain  is  f>nly  a  mode  oi  reaction  of  the  sensory  neuron  to  any 
form  of  extreme  irritation,  and  that  this  mode  of  reaction  is  a  com- 
mon function  of  all  sensory  ueuronH,  and  not  special  to  a  few. 

Pain  is  referred  to  the  perii>hery  when  the  nen'e  tniuk  is  irritated 
iu  any  pai*t  of  its  course.  In  thiH  respect  it  diffem  from  tjictile  sense. 
This  diflerence  is  curiously  shown  in  some  cases  of  irritative  lesions 
which  abolish  sensation  in  the  distrilaition  of  the  affected  nerve;  the 
sense  of  pain,  excited  by  the  lesion,  is  referred  to  the  anaesthetic 
area,  so  that  the  patient  feels  pain  in  the  region  iu  which,  to  use  a 
paradox »  he  feels  unthing.     Tliis  is  anfffifhesin  dohrtmi. 

The  mind  has  n<»t  always  the  i>ower  accurateW  to  localize  jjain, 
especially  when  this  occurs  iu  the  interior  ot  the  body*  As  this  power 
to  tot*atn  pain,  just  tin  tht*  ]>ower  to  locate  tactile  impacts,  is  a  psychic 
act,  the  ditficulty  (vf  locating  i>ain  in  the  interior  of  the  body  is  prob- 
ably due  to  the  fact  that  in  health  the  brain  receives  very  few  sensa- 
tions from  tlu^si*  leginus;  hent^e  it  is  not  trained  to  observe  and  locate 
them.  The  diibculty  of  locatiug  paiu  (m  and  just  beneath  the  surface, 
and  iu  the  limbs  generally,  ii^  mit  ho  marked.  Wlien  this  difficulty 
occurs  in  these  regions  it  soeniH  to  1>e  iu  cases  of  irritation  of  the 
nerve  trunks  rather  tliaii  of  the  nerve  endings;  and  may  be  due  to  the 
fact  that,  first,  the  lesion  is  rather  subacute;  and  second,  that  it  may 
involve  more  tliau  one  trunk,  and  therefore  causes  irradiation  of  pain. 
Irradiation  of  paiu  nuiy  also  be  due  in  part  to  a  confusion  of  the 
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pBjchic  act — the  inability  of  the  mind  accurately  to  locate  the  point 
of  greatest  irritation. 

When  we  come  to  consider  certain  pathological  questions,  it  will 
be  foond  that  the  supreme  difficulty  in  the  way  of  a  clear  understand- 
ing of  the  paths  of  sensory  conduction  in  the  periphery  and  cord  lies 
inthefact  that  disease  occasionally  dissociates  the  modes  of  sensa- 
tkniy  abolishing  one  or  some  and  sparing  the  other  or  others.  While 
an  the  face  of  it  this  fact  appears  to  point  to  the  conclusion  that 
these  Tarious  modes — touch,  temperature,  and  jxain — are  conducted 
bj  separate  neurons,  and  while  this  conclusion  appears  to  be  accepted 
by  many  neurologists  and  neuropathologists,  still  this  theory  cannot 
be  said  to  rest  upon  secure  grounds.  Histology  does  not  support  it, 
because,  so  far  as  form  and  terminal  arborizations  are  concerned, 
there  is  no  differentiation  in  the  sensory  neurons.  On  the  other 
hand,  it  is  quite  conceivable  that  the  sensory  neuron  is  excitable  by 
more  than  one  form  or  mode  of  stimulant;  and  that  the  ^dissocia- 
tion symptom"  may  be  caused  by  changes  that  simply  abolish  the 
foDction  of  the  neuron  in  part  instead  of  in  whole. 

As  we  have  seen,  some  parts  are  more  sensitive  than  others.  This 
is  probably  because  their  nerve  supply  is  richer  and  their  arboriza- 
ticHis  are  more  numerous  than  in  less  sensitive  parts.  The  same  may 
be  said  with  respect  to  pain.  Certain  observers  claim  that  some  nerves 
are  more  sensitive  to  pain  than  others,  as  the  fifth  nerve,  for  instance. 
While  this  cannot  be  denied  or  positively  asserted,  it  is  at  least  pos- 
sible that  the  esx)ecial  sensitiveness,  as  in  the  eye,  may  be  due  to  some 
peculiarity  in  the  distribution  of  the  ends  of  the  neurons. 

The  muscular  seme  is  the  notice  which  the  mind  receives  of  the 
state  of  the  muscles — their  tonicity,  contracture,  position,  and  the  de- 
gree of  resistance  offered  to  them.  Its  exact  nature  is  still  the  sub- 
ject of  some  speculation.  It  is  usually  supposed  to  depend  on  the 
sensory  neurons.  That  it  is  in  any  way  dependent  on  the  motor  neu- 
rons themselves  is  not  usually  even  considered,  but  the  possibility 
of  this  dependence  is  not  to  be  ignored.  In  hemiplegia  it  is  certain 
that  the  muscular  sense  may  be  affected  in  some  degree,  although 
sensation  is  not  involved. 

There  are  a  number  of  modifications  of  common  sensation,  such 
ss  hanger,  thirst,  fatigue,  repose,  well-being,  malaise,  and  sexual 
erethism.  None  of  these  is  dignified  as  a  special  sense,  and  yet  they 
we  all  specialized  to  some  extent.  Certainly  they  cannot  be  confused, 
the  one  with  the  other,  nor  any  one  of  them  with  any  special  sense. 
Vol.  XL— 3 
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The  Reflexes. 

An  important  function  of  the  cerebrospinal  nerves  (the  peripheral 
sensory  and  motor  neurons)  is  the  conilTiction  of  the  reflexes.  It  k 
customary  to  speak  of  these  as  spinal,  but  they  are  properly  the  func- 
tion of  the  peripheral  neurons,  and  have  only  a  portion  of  their  course 
in  the  spinal  cord. 

If  a  sensory  nerve  ending  be  irritated,  an  impulse  is  conveyed 
along  its  axis  cylinder,  through  the  spiual  ganglioii  which  holds 
the  cell  body,  into  the  cord.  Here  it  may  take  especially  one  of  two 
courses :  one  of  these  leads  upwards  to  the  brain,  aflFectiug  conscious- 
ness; the  other,  by  another  branch,  passes  acroBS  the  cord,  and,  by 
way  of  ita  arborizatioi^,  stimulates  the  body  of  a  peripheral  mo- 
tor neuron  in  the  anterior  horn.  An  impulse  then  passes  along  this 
motor  neuron  and  excites  a  contTactiou  in  the  muscle  to  %vhich  it  is 
attached.  This  constitutes  a  simple  reflex  act,  and  has  properly  but 
two  divisions,  not  three,  as  usually  described ;  these  are  an  afferent 
impulse  and  an  efferent  impulse.  There  is  no  so-called  "  reflex  arc" 
in  the  spinal  cord,  constituting^  a  third  division,  interposed  between 
the  efferent  and  afferent  i)aths.  Our  more  precise  knowledge  of  the 
neuron  has  eliminated  such  an  hypoihetical  centre.  The  sensory  or 
afferent  impulse  may  railiate  mnre  widely  in  some  instances  than  in 
others,  and  hence  excite  a  roactinn  io  a  larger  num!>er  of  motor  neu- 
rons; thus  the  extent  of  the  reflex  action  may  vary  at  times,  accord- 
ing to  circumstances.  This  is  all  that  can  be  meant  by  speaking  of  a 
"  centre"  or  "  arc"  for  a  reflex  actiou. 

The  reflexes  are  not  under  tlm  control  of  the  wdll,  except  it  may  be 
in  very  slight  degree.  Most  of  them,  however,  are  within  the  sphere 
of  consciousness.  The  exceptions  to  this  rule  (in  the  iris  and  ciliary 
body)  \vi\\  be  noted  in  their  pr<^]>er  iilaces. 

TVliile  not  under  thri  control  ol"  the  w  ill  to  nny  great  extent,  the  I'e- 
flexes  may  lie  influenced  in  a  variety  of  ways.  This  is  so  esiiecially  of 
the  deep  or  teudtm  reflexes.  They  are  Hubjet't,  f(U'  iustance,  to  *"  rein- 
forcement'' (Fig.  8) .  Joiidrawsik  showpd  that  if  a  person  made  a  strong 
voluntary  movement  just  at  the  moment  when  the  reflex  was  elicited, 
this  hitter  was  increased  in  force.  This  voluntary  movement  may  be 
made  by  tightly  claH]>ing  the  hands  toj^i^thor,  or  by  clinching  the 
teeth.  Weir  Mitchell  and  M.  J.  Lewis  showed  that  this  reinforce- 
ment lasts  for  an  apfireciable  time  after  the  voluntary  movement  haa 
ceawed;  and  again,  that  continued  reinforcement  gradually  exhausts 
or  enfeebles  the  reflex.  These  observers  have  also  shown  that  sen- 
sory stimulation  alno  increa>  °  *he  deep  reflexes;  thus 
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if,  at  the  moment  of  tapping  the  tendon,  a  piece  of  ice  or  a  heated 
object  be  applied  to  the  skin,  or  if  the  skin  be  pinched  or  a  hair 
palled  on  any  part  of  the  body,  the  reflex  is  increased.  Faradism 
apphed  to  the  skin,  and  galvanism  passed  through  the  head  act  in  the 
same  way  to  increase  the  reflexes.  Lombard  "  demonstrated  by  ex- 
periment that  the  emotions  may  increase  the  force  of  the  tendon 
reflexes.  Such  emotions  are  fear,  apprehension,  shame,  etc.  This 
phenomenon  is  seen  especially  well  in  some  hysterical  cases. 

The  reflexes  are  numerous  and  distributed  widely  through  the 
body.  The  more  prominent  and  easily  recognized  have  received 
names,  but  many  nameless  reflexes  doubtless  exist;  and  it  is  best  that 
they  should  continue  nameless.  It  is  possible,  in  fact,  that  every 
sensory  neuron  contributes  to  a  reflex  act,  although  some  of  these 
may  be  so  slight  as  to  be  recognized  with  difficulty.  Two  kinds  of 
reflexes  are  noted  especially — the  superficial  and  the  deep, 

The  superficial  reflexes  are  such  as  are  excited  by  slightly  irritat- 
ing the  endings  of  the  sensory  neurons.  The  impulse  is  carried,  as 
already  explained,  to  the  body  of  the  motor  neuron  in  the  anterior 
horn  and  thence  reflected  along  its  axis  cylinder  to  the  muscle.  The 
irritant  may  be  the  prick  of  a  pin,  or  even  in  some  cases  such  a  slight 
stimulant  as  brushing  the  skin  with  a  feather  or  with  the  tip  of  the 
finger  or  of  a  pencil.  The  muscle  that  responds  is  usually  one  in  the 
immediate  neighborhood,  as  just  beneath  the  skin  of  the  point  irri- 
tated. 

The  following  are  the  commonest  and  best-known  superficial 
reflexes : 

The  reflex  of  the  iris  to  light.  This  will  be  explained  and  its  clin- 
ical significance  pointed  out  under  the  heading  of  diseases  of  the 
orbital  nerves.  It  is,  of  course,  not  an  ordinary  skin  reflex,  but  a 
highly  specialized  one,  and  is  excited  by  but  one  kind  of  stimulant, 
liffht.' 

Tlie  reflex  of  the  dilator  muscle  of  the  iris  to  irritation  of  the  skin 
of  the  neck  or  cheek.  The  path  of  this  reflex  is  i)robably  through 
the  sympathetic  system,  which  presides  over  the  dilatation  of  the 
pupil.  According  to  Landois  and  Sterling,  dilatation  of  the  pupil  is 
also  caused  by  severe  pain,  as  of  torture  or  parturition,  a  loud  call 
in  the  ear,  and  stimulation  of  the  nerves  of  the  sexual  organs.  It 
may  be  doubted,  however,  whether  all  of  these  are  examples  of  true 
reflex  action.  These  authorities  state  that  the  presence  of  dilator 
fibres  of  the  iris  is  even  denied  by  some  observers.  This  particular 
question  of  reflex  dilatation  of  the  pupil  is  still  an  obscure  and  vexed 
one.    The  observed  facts,  however,  are  as  given. 

The  conjunctival  reflex.     This  consists  in  a  violent  and  involun- 
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tary  closure  of  the  eyelids  upon  irritation  of  the  exceedingly  sensiUv^ 
nerv^e  omlings  in  the  conjunctiva  by  any  foreign  body.  It  i^ersisto 
even  in  »ome  sUitt*^  of  unconsciousness.  Its  afferent  i>atlj  in  along 
the  branch  of  the  fifth  nerve  that  supplies  the  conjnnctivje.  Its  effer- 
ent or  motor  path  is  along  the  branch  of  the  seventh  ncn*c%  that  pre- 
sides over  the  closure  of  tlif?  lid  (the  orbicularis  palpebrarum).  It  may 
conset|uently  \m  abolislied  or  impaired  in  certain  diaeases  of  theee 
nerves,  as  in  Beirs  paralvHis  of  the  seventh  nerve  and  in  nuclear  pn- 
ralysis  of  the  fifth. 

The  epigastric  reflex  is  caused  by  irritation  of  the  skin  over  the 
lower  part  of  the  side  of  tlie  thorax,  and  is  shown  by  a  coutriietion  of 
the  upi^er  ends  of  the  rexrti  muscles  especially,  and  of  contiKUoud 
muscular  tibres  in  the  epiKastriuin. 

Very  similar  reflexes  on  the  trunk  are  obtained  by  irritating  the 
skin  along  the  edges  of  the  erei*tor  siiime  muscle  and  over  the  scafi- 
u\m,  the  muscles  ctmtracting  being  those  beneath  the  skin  in  these 
neigh bor hot hIs  respectively . 

The  cremasteric  reflex  is  ao  especially  characteristic  one.  It  am* 
sists  in  an  active  retraction  of  the  testicle,  due  to  the  action  of  the 
cremaster  muscle;  and  is  aiused  by  irritation,  as  brisk  robbing  with 
the  finger  uail,  of  the  skin  on  the  inner  and  upper  asi>ect  of  the  thigh. 

The  planti^r  reflex  is  excited  by  an  irritmit  ap|>lied  t^»  the  sole  of 
the  foot  It  consists  in  a  movement  of  withdrawal  of  the  foot^  by 
lieiidiug  the  knee  and  Lip,  and  has  much  the  appearance  of  a  volun* 
tary  movement.  It  is  liest  seen  when  exaggerated  in  some  diseaseA, 
especially  in  apoplectic  stfiies;  at  such  times  its  involuntary  charac- 
ter can  easily  }>e  determined. 

The  deefi  reflexes  are  those  that  arc  excited  by  tapping  the  tendon 
of  a  muscle.  Li  order  to  obtain  this  reflex  it  is  usmUly  necessary  to 
put  the  tendon  slightly  on  the  stretch.  Wlien  the  tendon  is  then 
tapped  smartly  with  the  finger  ends  or  any  small  object  acting  as  a 
hammer,  the  muscle  contracts  promptly  and  sometimes  with  consid- 
erable force. 

The  deep  reflexes  have  heeu  the  subject  of  much  siieculation  and 
some  controversy.  It  has  usaally  been  assumed  that  they  are  true 
reflexes,  ie.,  that  an  impulse  is  excited  by  the  tap  <ui  the  tendott^fl 
and  that  this  impulse  travels  up  to  the  sjiinal  cord*  whence  it  is  r^B 
fleeted  to  the  muscle,  which  responds  l>y  a  vigorous  contraction,  M 
this  is  so,  the  deep  reflexes  are  exj^laiiiable  just  iis  the  sui>erficial  re- 
flexes are,  i.e.,  by  tlie  mutual  fiction  nf  a  ]>eripheral  sensory  and  a 
peripheral  motor  neurtm*  The  chief  grounds  for  lieliering  that  the 
deep  or  tendon  reflexes  are  genuine  are,  first,  that  section  of  the  rao- 
for  nerve  in  the  rabbit  abolishes  the  pat^^Uar  reflex  (fSchultz),  and  so 
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does  section  of  tlie  cord  oppoBifc©  tlis  liftli  and  sixth  liiinbar  vertebra 
(TgcUirjew,  quoted  by  Landois  and  Sterling") ;  and  second,  that  dis- 
eases which  abolish  the  function  of  either  the  sensory  or  motor  neu- 
ron abolish  the  deep  reflexes.  Such  diseases  especially  are  locomo- 
tor ataxia  and  multiple  neuritis.  On  the  other  hand,  the  reaction 
time  for  some  of  the  deep  reflexes  (as  the  knee  jerk)  apjiears  to  some 
physiologists  to  be  too  limited  to  allow  an  impulse  to  pass  first  to 
and  then  from  the  cord.  Waller  found  that  this  time  in  the  case  of 
the  knee  jerk  was  but  0.03  second;  Eulenburg  measured  it  at  0.032. 
Those  who  contend  against  the  tendon  reflesea  being  spinal  in  origin, 
claim  that  they  depend  upon  the  natural  tonus  of  the  muscle ;  that 
this  tonus  is  slightly  excited  or  increased  by  the  tendon  l>eing  put 
upon  the  stretch,  and  that  when  this  excitement  is  still  more  increased 
by  the  tap  upon  the  tendon,  the  muscle  responds  by  virtue  of  its  own 
inierent  tonus.  According  to  this  view,  the  phenomenon  is  onl^-  sec- 
ondarily dependent  upon  the  nervous  system,  inasmuch  as  the  tonus 
of  the  muscle  is  maintained  by  the  nerve  influence.  This  fact,  there- 
fore, accounts  for  the  influence  of  nei-vons  diseases  upon  the  tendon 
reflexes ;  when  they  lower  the  nutrition  of  the  muscle,  then  the  deep 
reflexes  are  weakened  or  abolished ;  but  when  they  increase  this  t(mus, 
tken  these  reflexes  are  correspondingly  increased.  TfVTiiehever  new 
rtf  the  origin  of  the  reflexes  be  correct  (and  the  one  that  holds  the 
tendon  reflexes  to  be  of  nervous  origin  ap|>ears  the  Ix^tter  founded) , 
the  clinical  significance  of  these  phenomena  is  the  same ;  hence  they 
must  be  thoroughly  understood. 

lltlxough,  as  already  said,  the  will  has  but  little  control  over  the 
deep  reflexes,  yet  the  cerebral  centres  in  some  way  exercise  ajipar- 
entlv  an  unconscious  inhibitory  effect  ui>on  them.  This  is  showu 
(rom  a  variety'  of  facts.  If,  for  instiince,  the  cerebrum  be  cut  ofl'  from 
the  spinal  cord  by  any  lesion,  which  does  not  act  too  suddenly  at 
fifat,  the  deep  reflexes  are  increased.  This  is  seen  constantly  in  such 
diaeaaes  of  the  centi'al  nervous  system  as  gradually  break  up  the 
motor  paths  which  run  from  the  cerebral  coi-tex  downwards  to  the 
wious  levels  of  the  cord.  Such  diseases  are  Iieniorrhage  into  the 
ULteroal  capsule,  myelitis^  esf>ecially  when  transverse  and  of  limited 
extent,  and  syringomyelia.  Whether  this  increase  is  to  be  consid- 
wed  as  due  to  the  release  of  the  spinal  apparatus  (seBsory  and  mf>tor 
^nrons)  from  an  inhibitory  influence  of  the  brain,  or  whetlier  it  is 
die  t*j  increased  excitability  of  these  neurons  due  to  some  irritative 
uiflnence  exerted  upon  them  by  the  lesion  from  above,  are  debatable 
ointa.  If  there  is  a  true  inhibition,  it  is  not  probable  that  this 
im  any  "  inliibitory  centre"  in  the  brain — as,  for  instance,  the 
'escribed  as  Setachenow's,  which  required  such  an  exten- 
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Hive  jQQtiHlatioQ  for  its  demoDstration  that  itn  euBteuce  may  well  be 
ixmmdentd  hh  yet  problematical ;  bat  that  it  is  rather  due^  as  Bran- 
ton  explaiiiB^  to  a  wave-like  action  of  nerve  impalses^  cons  tan  tlv  flow- 
ing and  common  to  all  neorons.  It  seems  improlmble  that  tlie 
increaHe  can  be  dae  exclnsivelj  to  irritation  caused  by  the  lesion 
above.  The  central  motor  nenron,  for  instance,  must  nnderij^o  com- 
plete degeneration  in  its  distal  end  in  long-standing  lesions,  and  be 
incapable  of  conducting  any  irritative  impulses  below  the  lesion. 

Inlubition  of  the  reflexes,  both  superficial  and  deep>  is  partially 
and  <jnly  for  a  limited  time  under  the  control  of  the  will.  The  infln- 
enc<e  of  the  will  upon  the  reflexes,  in  fact,  is  entirely  by  inhibition, 
as  it  has  no  power  to  increase  them.  The  will,  for  instance,  can  mo- 
mentarily inhiliit  the  conjunctival  reflex,  but  if  the  irritation  be 
continued  tlio  reflox  occurs  in  sjuta  of  the  will.  Yet  this  action  of 
the  will  in  this  case  is  not  truly  so  much  an  act  of  inhibition  as  it  is 
an  oppoHiti^  tjf  a  cnuntermuscular  action— for  instance,  the  action  of 
tlie  lovat<ir  and  *ithor  fibres  that  serve  to  open  the  eyelida.  We  may 
gatlior  a  hint  from  this  that  perhaps  all  inhibition  is  merely  an 
<'flU3ili/jri^,  an  it  wero,  of  tlie  balance  of  power  in  the  peripheral 
niotor  nouroiiH  (motor  cells  in  the  anterior  horns  of  the  spinal  cord), 
and  that  when  thin  influence  is  withdrawn  the  motor  neurons  in  some 
way  nci  orrntically  nnd  some  in  excess  of  others. 

In  I  libit  ion,  again,  may  be  caused  by  exciting  powerfully  a  sen- 
se rry  norve.  As  already  stated,  stimulation  of  the  sensory  nerves, 
by  iri%  i4r. ,  im-nviHeH  the  dot*p  reflexes,  according  to  Weir  Mitchell 
and  ijinviH ;  lint,  iiccordiug  to  other  observers,  very  strong  stimulation 
(pain)   may  diminish    tlie  reflexes,  especially  the  superficial  ones 

(OiM'A  Hlld  (^tlnTH). 

Finjilly,  inhibition  of  Iho  spinal  reflexes  may  be  caused  by  a  total 
Irairnvt^rse  h^sioii  *if  the  motor  path  in  the  brain  or  cord,  occurring 
suMritlff,  111  otiior  words,  a  lew  ion  which  cuts  off  the  brain  influence 
with  tlu^  sympbniiH  of  nhock  acts  almost  invariably  as  an  inhibitory 
intluiMunv  Thin  in  n  common  clinic^d  observation,  although  from  the 
ptim  physiolngit'nl  stauilptiint  it  is  diflicult  to  explain  it*  Such 
h^sinns  ms  hom«n'rhngo  in  tho  internal  capsule,  and  hemorrhages  into 
tho  iHirtl.  i>r  crushing  of  the  cord  accom|mnying  fracture  of  the  spine, 
HIV  uHmdly  fnUnwiHl  by  alH>!ition  of  the  reflexes.  In  the  former  case 
the  aKilitinn  is  usually  only  on  the  v^wndyztni  side;  and  in  both  and 
i\\l  ca^es,  if  the  patiiuit  survive,  the  rt*flexes  usually  return  and  grad- 
ually Kvnino  cxaggeratt^l.  Tljustian  recently  called  renewed  attention 
to  the  fact  that  tot-al  transverse  h\sions  of  the  conl,  even  far  above  the 
8<ml  of  the  reflexes  in  tiie  himlvir  n^gion,  alx>lish  these  reflexes. 
Bruits  hs%s>  also  n>)Hirt«xl  a  c^ise,     I  have  also  recently  seen  a  ease  of 
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CJomrainnteJ  fracture  of  the  sixth  cervical  vertebra,  mth  esteuBive 
deatmction  of  the  cervical  cord,  in  which  the  i>atellar  reflexes  were 
abolished.     This  case  is  reported  and  illustrated  in  iny  chapter  on 


jL  jf^  IR^ '^^h'b. 


/ 
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Fio.  8,  —Get  y ng  t  h«  Koae  Jerk  hf  Re-  enf orceiiien  t    (DaiML ) 

^8  of  the  spine,  etc.,  in  the  "  Ameriea0  Text-book  of  Nervous 
/*  edited  by  Dercum. 
1  all  these  considerations  it  is  seen  that  there  are  a  few  well- 
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establisLed  fticte  alx>ut  the  reflexes  and  about  their  inhibition  and 
exaggeration,  but  that  no  theory  m  yet  is  quite  satisfactory  to  explain 
these  varying  modes. 

The  i>riucipal  deep  or  tendon  reflexes  are  as  follows: 
The  patellar  reflex  or  knee  jerk.  This  is  the  familiar  phenome- 
non seen  on  striking  or  tapping  the  tendon  of  the  patella  while  it  is 
kept  slightly  stretched.  When  this  is  don©  the  quadriceps  extensor 
muscle  contracts  promptly  and  with  considerable  vigor,  and  throws 
the  ftiot  and  leg  forward  in  the  motion  of  kicking.  To  secure  this 
re  Hex  satisfactorily  for  accurate  observation,  the  patient  should  he 
blindfolded  and  seated  on  a  chair  with  one  leg  crossed  over  the  other; 
or,  if  tlie  patient  is  very  stout  and  short-legged,  tlie  leg  may  be  sup* 
ported  by  the  hand  and  wrist  of  the  observer,  passed  under  the  knee 
and  braced  ui>on  the  patieut*s  other  leg;  or,  best  plau  of  all,  the 
patient  may  \ye  made  to  sit  ujm^u  the  edge  of  a  table  or  edge  of  a  hard 
bod,  with  his  feet  not  touching  the  floor.  The  tendon  is  then  tapi>ed, 
and  the  extent  of  excursion  of  the  foot  is  noted.  Keinforcemeut 
may  be  used  if  desired  (Fig.  8),  and  a  gauge  to  measure  the  range 
of  the  focjt  has  even  been  invented.  This  instrmnent,  of  which  there 
are  several  varieties,  seems  to  l>e  demanded  by  an  excessive  zeal  for 
refinement  and  precision.  The  best  is  probably  Lombard's."  The 
knee  jerk  is  not  the  same  in  all  persons;  it  varies  widely  within  the 
limits  of  health,  aud  is  occasionally  even  entirely  absent  in  persons 
ajiparently  perfectly  well.  Beyoud  a  certiiin  limit,  which,  however, 
it  is  difficult  to  fix  arbitrarily,  its  exaggeration  is  always  i>athologiad. 
Next  in  iraportjince  is  the  ankle  clouus.  This  consists  in  a  series 
of  clonic  contractions  in  the  sural  muscles  attached  to  the  tendo 
AchilliK,  and  is  excited  hy  ])utting  this  tendon  suddenly  on  the 
stretch.  This  is  done  by  taking  the  end  of  the  patient's  foot  (toes 
and  ball  of  the  foot)  in  one  hand,  while  the  leg  is  supported  by  plac- 
ing the  other  liand  under  tlie  calf  or  ankle  (Fig.  9).  The  foot  is  then 
snddenlj^  flexed  upon  the  leg  (physiologically  extended),  the  tendon 
lieing  thus  suddenly  stretched.  The  reaction  then  occurs,  the  end 
of  the  foot  (still  held  in  the  observer's  hand  and  used  as  a  guide  for 
observation)  lieing  jerked  in  a  clonic  and  rhythmic  manner*  The  ex* 
cursion,  rate,  and  duration  of  these  clonic  movements  vary  widely, 
according  to  case  aud  circumstances.  In  some  cases  they  are  ob- 
tained with  flifficulty ;  in  others  they  occur  with  greatest  readiness, 
and  the  rate  is  rapid  and  the  duration  almost  as  long  as  the  foot  is 
held  in  the  hand  in  such  a  position  as  slightly  to  stretch  the  tendon. 
Ankle  clonus,  unlike  the  knee  jerk,  is  very  rarely  observed  in  health, 
although  tlie  statement  that  it  is  never  thus  oljserved  is  perhaps  too 
absolute. 


t 


THE  BEFLEXE8.  41 

The  elbow  jerk  is  excited  by  putting  the  tendon  of  the  triceps 
muscle  on  the  stretch  and  tapping  it.  This  canses  a  brisk  movement 
of  extension  of  the  arm.  This  reflex  is  not  quite  so  conspicuous  or 
BO  readily  obtained  in  health  as  is  the  knee  jerk. 

The  wrist  jerk  consists  in  a  movement  of  extension  of  the  hand  at 
the  wrist  when  the  tendons  of  the  extensor  muscles  are  tapped,  while 
they  are  put  on  the  stretch  by  allowing  the  hand  to  drop  at  the  wrist 
(in  the  position  of  lead  palsy).    The  middle  finger  usually  reacts 


Fio.  9.  -  Mode  of  Eliciting  Ankle  Clonus.    (Dana. ) 

more  vigorously  than  do  the  others.  This  reflex  is  not  often  obtain- 
able in  health. 

The  jaw  jerk  or  chin  jerk  consists  in  a  slight  reflex  action  in  the 
masseter  muscles  when  the  lower  jaw  is  allowed  to  hang  sufficiently 
to  put  the  tendons  of  these  muscles  on  the  stretch,  and  the  chin  is 
then  smartly  tapped.  It  is  not  seen  in  health  and  is  difficult  to 
obtain  even  in  disease. 

In  cases  of  some  diseases  all  the  deep  reflexes  of  the  body 
ire  easily  excited,  so  that  it  is  possible  to  obtain  many  others  than 
those  here  mentioned.  In  fact,  a  reflex  can  then  be  obtained  in 
afanoet  any  large  muscle  by  putting  its  tendon  on  the  stretch  and  tap- 
ping it. 

The  *  paradoxical  reflex"  is  in  a  sense  the  reverse  of  the  ordinary 
tendon  reflex.  It  is  caused  by  suddenly  shortening  the  tendon.  It 
is  seen  sometimes  in  the  anterior  tibial  muscle,  when  the  muscle  is 
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suddeulj  relaxed  by  flexieg  (physiologically  extendiug)  the  foot  upon 
the  leg.     It  is  always  pathological,  and  m  rare. 

The  laws  of  the  order  of  occnrrencfl  of  reflex  action,  as  stated  by 
Pfliiger,  are  as  follow*^ :  1.  The  reflex  occurs  on  the  same  side  as  that 
on  which  the  irritaiit  is  applied,  and  in  muscles  whose  motor  nervea 
arise  from  the  same  segment  of  the  cord ;  2,  If  the  reflex  occurs  on 
the  other  side,  only  the  corresi^onding  muscles  contract;  3.  If  the 
reflexes  are  unequal  on  the  two  sides,  tlien  the  stronger  are  on  tbe 
side  of  the  irritation;  4.  Ji  the  reflexes  extend  to  other  segments, 
the  direction  of  the  extension  is  towards  the  oblongata ;  5.  Finally, 
all  the  muscles  of  the  body  may  give  reflexes/ 

GENERAL  PATHOLOOY. 

As  already  exphiined,  when  an  axis  cylinder  or  any  portion  of  the 
neuron  becomes  separated  from  that  part  of  the  cell  bcxly  that  con- 
tains the  nucleus,  it  undergoes  a  process  of  gradual  degeneration  and 
ultimately  dies.  There  is  apparently  every  evidence  that  this  is  a 
universal  law ;  in  other  worcb,  that  tlie  8ej>arated  part,  say  axis  cyl- 
inder, has  no  power  of  maintaining  its  uutiition  permaneDtly  by 
absorbing  plasma  from  the  surrounding  tissanes  in  which  it  lies. 
This  degeneration  and  death  are  a  comparatively  rapid  process, 
leading  to  a  complete  destruction  and  disappearance  of  the  axis 
cylinder.  In  spite  of  this  fact,  however,  the  nerve  often  retains  a 
power  of  regeneration  for  tjuita  a  loug  period,  and  these  two  processes 
of  degeueration  and  rogeneration,  with  their  histological  appear- 
ances,  must  be  clearly  understood. 

It  is  positively  known  that  this  process  of  degeneration  begins 
promptly  when  by  any  influence  the  axis  cylinder  is  separat^Ml  from 
its  centre.  The  process  by  which  it  is  thus  separated  may  be  either 
by  trauma,  as  wounding,  bruising,  or  cutting,  or  by  disease,  espe- 
cially inflammation  and  pressure. 

As  the  whole  panorama  of  changes  is  best  and  most  completely 
shown  after  sectifm  of  the  nerv^e,  this  immediate  description  will  refer 
to  the  changes  that  are  thus  produced.  Waller,  about  1862^  demon- 
strated that  this  degeneration  followed  a  fixed  course  in  both  the 
anterior  and  posterior  spinal  nerve  roots ;  and  tins  is  because,  as  has 
been  already  explained,  the  portion  of  the  neuron  cut  off  from  its 
nutritive  centre,  the  nucleus,  is  that  portion  that  degenerates.  This 
is  the  basis  of  the  Wallerian  law.  It  is  unimportant  in  what  direc- 
tion the  neuron  normally  conveys  its  impulses — it  always  degenerates 
in  the  direction  away  from  its  cell  body.  Thus  in  the  ordinary 
^  mixed   nen*e,  containing  both  sensory  and  motor  fibres,  which  of 
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eouree  convey  impulses  normally  in  opponite  directiona,  the  degener- 
atioD  is  always  in  the  peripheral  portion  for  both  sets  of  fibres  if  the 
Mire  has  been  cut  below  the  junction  of  the  tw^o  roots.  This  is  for 
the  obrioos  reason  that  in  such  a  case  both  the  efferent  and  afferent 
fihrefl  are  cut  off  from  their  cell  bodies.  In  such  a  section  of  a  nerve, 
it  is  customary  to  speak  of  the  central  end  as  the  proximal^  and  of  the 
peripheral  end  as  the  distal  end. 

When  a  nen^e  is  cut,  i.e.,  when  an  axis  cylinder  is  severed  from 
iLe  body  of  the  neuron,  the  following  changes  occur :  According  to 
Banner,  the  nucleus  of  the  sheath  of  Schwao  if*  the  first  to  show  a 
cJuuige.  It  sweUs,  and  the  accumulation  of  protoplasm  at  thi«  point 
makes  pressure  upon  the  medullary  sheath  and  the  axis  cylinder 
within.  This  swelling  occurs,  of  course,  in  each  of  Ranvier's  nodes. 
It  soon  causes  a  complete  division  of  the  axis  cylinder  in  each  of 
tbeee  nodes.  The  myelin  at  the  same  time  begins  to  break  up  and  to 
lorm  small  masses  or  drojjs*  The  sheath  grows  and  its  nuclei  increase 
in  number.  The  myelin  is  still  further  reduced  in  amount,  probably 
by  absorption.  The  fragments  of  axis  cylinders  shrivel  up,  and, 
according  to  Bowlby,'*  disappear  or  are  difficult  to  recognize  in  the 
course  of  a  short  time.  Fatty  degeneration  of  some  of  the  adventi- 
tious materiid  (nuclei  and  sheath  of  Schwann)  occurs,  and  in  the  Mbrls 
white  cells  are  found,  probably  acting  as  scavengers  to  carry  ofl*  the 
prodacts  of  waste. 

According  to  Mitchell, ' '  this  process  of  degeneration  begins  in  the 
whole  of  the  severed  ixjrtion  of  the  nerve  at  the  same  time,  and  not, 
as  some  have  described,  at  the  distal  cut  end  first,  then  gradually 
eiteiiding  from  node  to  node  towards  the  periphery,  Tlie  same 
ittttor  descrilies  the  segmentation  of  the  medullary  substance  and 
its  final  disappearance. 

Seegard  (tjuoted  by  Bowlby)  severed  the  axis  cylinder  and  medul- 
lary sheaths  by  ligating  the  nerve  and  quickly  removing  the  ligature. 
By  this  xjrocess  he  claimed  that  the  sheath  of  Schwann  was  not  severed 
(ftdoubtfid  claim)*  He  found  practically  the  same  changes  that  have 
been  described  by  others.  The  axis  cylinders  broke  up  in  phices  and 
fiMlly  disappeared;  the  medullary  suljstance  ran  together  in  small 
masses;  the  nuclei  in  the  sheaths  enlarged  and  segmented,  and  this 
process  of  degeneration  attacked  the  whole  of  the  severed  portion  of 
the  nerve  at  once. 

The  fime  involved  in  these  changes  has  been  carefully  noted,  and 
the  knowledge  on  this  point  is  of  great  clinical  importance*  Ranvier 
said  that  the  initial  changes  {the  sw^elling  of  the  nuclei  in  the  sheath) 
J>eKan  within  twenty -four  hours;  hence  it  is  probable,  if  they  are 
visible  within  such  a  short  period,  that  they  begin  as  soon  as  the 
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Bection  is  made.  By  tli©  tLird  day  there  is  complete  breaking  up  of 
the  asis  cylinder  in  each  node.  This,  of  course,  ia  both  ph^^siologi- 
cally  and  clinically  the  moBt  important  event  in  the  series^  It  is  the 
destruction  of  the  essential  part  of  the  nerve  fibre — the  continuatioii, 
that  is,  of  the  neuron.  It  is  to  l>e  noted  that  this  occurs  at  an  early 
stag©  of  the  degenerative  process.  By  the  twentieth  day  the  degen- 
erativ©  process  appears  to  be  cnmj)lete.  In  a  human  ner\*e  examined 
by  Bowlby  on  the  fifteentb  day  after  division,  there  were  found  the 
same  breaking  up  of  the  myelin  and  segmentation  of  the  nuclei,  while 
the  axis  cylinders  were  so  changed  that  it  was  difficolt  to  recogmsse 
them.  It  was  thought  that  fragments  of  them  were  present,  but  at  any 
rat©  the  important  fact  is  that  even  at  this  comparatively  e^arly  day 
they  were  iiractically  so  broken  up  as  to  be  recognizable  only  with 
diflSculty.  In  a  second  case  examined  on  the  thirtieth  day  aft^r  se^ 
tion,  there  remained  but  a  few  drops  of  myelin,  the  axis  cyliBders 
were  gone,  and  the  nuclei  of  the  sheath  were  again  about  normal. 
Prom  these  observations  it  appears  that,  in  total  section  of  the  nerve, 
the  destiniction  and  disappearance  of  the  axis  cylinder  is  one  of  the 
earliest  results. 

From  these  observations  upou  sectioned  nerves  it  is  not  permissi- 
ble, of  course,  to  draw  identical  conclusions  as  to  nerves  which  suffer 
from  other  lesions;  some  qmilifications  must  be  made.  Thus  it  is 
not  possible  to  say  in  case  of  localized  inilammation,  or  gradually 
increasing  pressure,  or  injury  from  bruising  or  other  wounding,  that 
the  changes  will  always  be  so  [iromiit  and  complete  as  after  section. 
It  is  certain,  however,  that  tlie  changes  are  the  gam©  in  kind,  but 
only  differ  in  degree  and  in  time  from  those  already  described.  It  is 
©specially  important  in  the  clinic  that  tliis  distinction  be  observed, 
because  the  degenerative  ehanges  tiiking  place  in  nerves  after  disease 
and  even  after  trauma  are  not  always  so  rapid  and  nnmistaka1>le  as 
those  just  dcscril>ed  a^  due  to  complete  section.  This,  of  course,  is 
easily  understood  \\'hen  the  difference  in  degree  of  severity  and  com- 
pleteness of  the  several  lesions  is  considered. 

It  is  necessary  to  connider  eHi)eciall\'  tJie  effects  of  premure.  This 
condition  may  be  caused  by  trauma,  by  inflammation,  or  by  a  new 
growth.  Of  course,  it  is  not  always  or  often  possible  to  examine  a 
comprosHod  ner^'e,  because  the  conditions  causing  it  are  usually  not 
permanent,  WTien  thoy  are>  jiermanont  ov  last  a  long  time,  the  injury 
to  the  ner^^e  also  becomes  permanent;  that  is,  its  axis  cylinder 
becomes  divided  and  the  peripheral  portion  undergoes  degeneratioDi 
just  im  from  any  other  grave  destructive  lesion.  In  the  instances, 
however,  in  which  pressure  is  only  temporary,  th©  conseijuent  ©ffects 
also  are  but  temporary ;  but  yet  these  effects  are  sufficiently  impoi^ 
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iuit  to  be  noted.  Waller,  Bastian,  and  Ynlpian  experimented  on 
nerves  and  found  that  pressnre  caused  a  definite  train  of  symptoms — 
fonnication,  sense  of  warmth,  hyi)er{estheeia  followed  by  ansastheeia, 
enmps,  palsy.  These  symptoms  observe  definite  stages,  somewhat  in 
file  order  here  given,  and  disappear  also  by  stages  after  the  pressure 
IS  removed."  Weir  MitcheU  also  experimented  on  nerves,  causing 
preeeore  with  a  tube  of  glass  containing  mercury  on  the  sciatic  nerve 
ofaiabbit.  He  found  that  the  power  of  the  nerve  to  transmit  im- 
pulses, when  excited  by  the  galvanic  current,  was  gradually  abolished. 
The  power  gradually  returned  after  the  pressure  was  removed.  His 
eondusion  was  that  the  pressure  caused  mechanical  disturbance  of 
file  tubal  contents;  and  tiiis  conclusion  is  no  doubt  the  correct  one. 
His  examination  of  the  nerve  confirmed  thi^  conclusion;  there  was 
eridenoe  of  congestion  and  disturbance  of  the  contents  of  the  nerve 
tabes.  It  is  readily  conceivable  that  the  delicate  cytoplasm  of  the 
axis  cylinder  is  thus  not  destroyed,  but  merely  mechanically  com- 
pressed and  displaced,  and  that  when  the  pressure  is  removed  it  re- 
nunes  its  normal  form  and  constitution.  In  long-continued  and 
80?ere  pressure  there  is  probably,  as  already  said,  a  total  disruption 
of  the  axis  cylinder;  in  other  words,  a  permanent  lesion  is  produced, 
JQst  as  by  section,  and  then  the  distal  portion  of  the  axis  cylinder 


In  brtiising  and  contusion  of  nerves  there  is  probably  a  variety 
of  lesions.  Some  axis  cylinders  are  probably  completely  divided; 
others  again  are  practically  in  the  condition  caused  by  temporary 
pressure,  just  described.  As  repair  takes  place,  pressure  may  also 
be  exerted  by  proliferating  connective  tissue,  or  even  by  true  inflam- 
mation, provided  the  bruised  tissues  become  the  seat  of  infection. 
Heooe  in  cases  of  bruising  and  contusion  the  symptoms  vary  accord- 
ing to  the  extent  and  severity  of  the  injury.  There  may  be  only 
temporary  abolition  of  function,  or  there  may  be  secondary  degener- 
ttion.  Thus  in  the  same  nerve  some  axis  cylinders  may  soon  recover 
completely,  while  others  may  for  a  long  time  continue  degenerated. 

Closely  allied  to  the  subject  of  degeneration  is  that  of  regeneration 
of  the  divided  nerve.     Unfortunately  much  obscurity  hangs  over  this 
subject,  especially  because  former  investigators  were  not  familiar 
with  the  neuron  as  we  now  understand  it.     Among  these  investigators 
were  Tent,  Hjelt,  Neumann,  Banvier,  and  Bowlby.     The  value  to  be 
attached  to  their  conclusions  may  be  judged  from  the  fact  that  all  of 
them,  except  Ranvier,  described  the  regeneration  as  taking  pla 
by  the  formation  of  the  new  axis  cylinder  from  the  nuclei  of 
sheath  of  Schwann ;  and  Bowlby  even  maintains  that  this  regenei 
can  take  place  in  the  divided  nerve  without  union  with  ihe 
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mal  end,  and  after  the  first  complete  degeneration  of  this  axis  cylin- 
der already  described.     Bowlby,  in  hia  valuable  treatise,  maiutaina 
this  view  at  considerable  length,  and  even  gives  an  illustration  of  s 
longitudinal  section  of  a  divided  nerve,  iot'Snded  to  show  the  alleged 
early  formation  of  new  nerve  fibres  from  the  nuclei  of  the  sheath. 
The  illustration,  however,  does  not  show  this  satisfactorily.'  to  criti- 
cal inspection.     If,  as  Bowlbj  claims,  he  found  nerv^e  fibres  in  the 
distal  portion  of  divided  nerves  as  late  as  seven  and  nine  niontha 
after  division,  the  only  conclusion  can  be  that  they  were  preserved 
intact  from  the  time  of  section — in  other  words,  that  they  did  not 
degenerate   after  section.     This  is  highly  incredible.     As   Binvlby 
himself  acknowledges  that  similar  changes  have  not  been  noted  by 
others,  it  is  evident  that  Iiis  oliservation  cannot  be  accei>ted  as  con- 
clusive.    It  is  very  evident  from  our  knowledge  of  the  neuron,  which 
we  liave  already  described  as  a  complete  and  individual  organism 
without  continuity  of  structure  with  any  other  tissue  or  substance, 
that  such  a  process  cannot  be  well  conceived.     We  must  apparently 
wait  for  new  light  on  tlie  subject  from  investigators  who  are  familiar 
with  the  methods  of  the  new  histology.     Of  those  quoted  above,  Ban- 
vier  alone  lias  i>robably  indicated  the  true  process.     He  states  that 
regeneration  takes  place  only  after  iinion  ot  the  divided  ends,  and 
then  by  a  process  of  growth  downwards  or  budding  oi  the  axis  cylin- 
der from  the  ]>roxin]al  into  the  t_listal  ]>ortion.     According  to  this, 
there  is  no  true  union  of  the  i^roximal  with  the  distal  jjortion  of  the 
axis  cylinder.     The  latter,  as  already  descrilied,  has  perished  and 
disapiieiirod.     But  after  union  f»f  the  connective  tissue,  etc.,  of  the 
divided  entls  of  the  nerve,  the  axis  cylinders  in  the  proximal  end, 
which  of  coui*se  are  still  in  union  with  the  central  body,  begin  to 
grow  into  the  lower  or  distal  iiortion  of  the  nerve.     This  is  perfectly 
in  accord  with  what  we  know  of  the  power  of  the  axis  cylinder  in 
embrynna!  life;  and  as  tins  process  of  repair  ia  essentially  the  dis- 
play of  an  embryonal  faculty  of  growth,  there  is  nothing  diflicult  to 
conceive  in  such  a  process.^' 

The  reunion  id  nerves  after  section  has  given  rise  to  much  contro- 
versy as  to  the  significance  of  some  apparent  facts,  Gliick*9  experi- 
ments on  the  fowl  and  thc^  monkey  were  formerly  considered  conclu- 
sive. According  to  them  the  cut  ends  of  a  nerve,  left  in 
unsutured,  usually  unite  in  the  com-se  of  a  few  day^ 
the  nerve  is  exsected  tlie  union  requires  i 
the  length  of  nerve  removetl ;  the  reraova 
prevents  spontaneous  reunion,  i.e.,  the  e 
(quoted  by  Bowlby).  If  the  freshly 
reunion  is  obtained;  e%'en  in  eight  di 
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bj  naked  axis  cyliDderB."     It  is  even  claimed  that  in  the  case  of  a 
fowl,  when  complete  section  of  the  sciatic  nerve  had  been  made,  func- 
tion was  perfectly  restored  in  seventy  hours,      Gliick*8   results,  if 
accepted,  point  to  the  fact  that  primary  union,  or  union  by  first 
iotentioD,  does  occur  in  nerves.     To  reconcile  these  alle^i;ed  facts  with 
the  demonstrable  facts  of  histology  is  not  easy ;  and  they  are  not  in 
accord,  as  we  shall  see,  with  more  recent  investigations.     With  what 
we  know  now^  of  the  neuron,  if  we  accejjt  as  possible  the  reunion  of 
aiis  cylinders  within  seventy  hours,  and  complete  restoration  of  their 
fanetions,  it  would  Sieem  almost  necessary  to  believe  that  each  of 
th€«*e  minute  Mbres  hunted  out  and  became  uuited  with  its  ow^n  par- 
ticular fragment.     If  this  is  not  the  case,  and  the  reunion  is  promis- 
caoiis»  then  w^e  must  supi>oee  that  in  spite  of  their  various  anatomical 
distributions,  the  once  divided  fibres,  after  reuuiou,  can  take  on  vica- 
rious functions.     Comil  and  Eanvier  say  that  "in  animals  division 
or  resection   of   a   nerve  is  never  followed  by  immediate  union. 
Tbfiirefore  it  may  l>e  doubted  if  it  ever  takes  place  in  man,"     Again, 
they  say   that  after  several  months  **  there  is  a  union  of  the  two 
ends  of  the  nerves  by  a  process  which  is  not  included  in  any  of  the 
melliods  admitted  by  surgeons.      It  is  neither  immediate  nor  sec- 
ondary union,  but  a  special  histological  evolution,   which   has  not 
yet  been  definitely  determined,"      This  is  evidently  the  process  of 
boddiiig  of  the  axis  cylinders,  alreaily  referred  to,  claimed  by  Ban- 
ner to  occur. 

Bowlby,  whose  theory  of  regeneration  of  the  axis  cylinder  from 
the  sbeath  of  Scliwan  Jias  been  stated  above,  of  course  finds  no  dilfi- 
coiti'  in  accepting  Gliick's  conclusions,  and  draws  further  conclusions 
from  a  few  surgical  cases  in  his  own  and  others*  experiences.  In  one 
case,  in  a  man,  he  saw  apparent  primary  union  of  the  median  nerve, 
with  restoration  of  mnsatkm,  in  eight  days;  and  yot,  sigoificant  fact, 
tlie  muscles  supplied  by  the  nerve  had  not  regained  their  reaction 
to  miher  faradism  or  galvanism  when  stimulated  through  the  ner^'e 
aeven  months  later.  This,  to  our  mind,  throws  great  doubt  upon  the 
lack  of  regeneration,  although  Bowlby  apparently  attaches  no  sig- 
ce  to  it.  When  we  consider  the  free  arborizjitions  of  the  sen- 
neuron  in  the  skin,  it  is  not  difficult  to  suppose  that  sensation 
^^  ^e  restored  by  way  of  another  nerve  trunk ;  but  when  w^e  fijjd 
itonus  of  the  nerve  and  muscle  not  restored  after  seven 
difficult  to  l^elieve  that  the  neurons  are  intact  from  their 
Deriphery.  As  to  the  late  cases  of  secondary  reunion 
•arratod  by  Bowlb3%  there  is  no  difficulty  in  accepting 
3ve  with  Ean\4er  that  in  such  cases  regeneration 
dmal  end,  and  that  the  axis  cylinders,  still  attached 
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to  their  cell  bodies,  gra^limlly  i^row  downwards  from  the  proximal 
into  the  distal  puiiiou.  The  early  cases  of  priraarj  reimioD  re*][utr© 
still  further  careful  observation  to  clear  away  some  obscurity  and 
some  apparent  conflict  between  the  facts  of  histolo-gy  and  the  alleged 
facts  of  sui^ery.  The  facts  of  surgery  and  of  experiment  must  cer- 
tainly conform  to  the  facts  of  histology  before  they  c^n  be  accepted* 
Bowlby  speaks  rather  slightingly  of  some  physiologists  who  are 
unable  to  reconcile  the  facts  of  nerve  suture  with  **  their  theorieH  as 
to  how  injured  ner%^es  ought  to  behave/'  But  the  neuron  is  not  » 
theory ;  it  in  an  anatomical  retdity.  In  crises  of  secondary  reunioii 
without  suturing,  in  whicli  the  cut  ends  of  the  nerve  gradually  grow 
together,  a  long  time  is  re«mired  (as  much  aa  a  year  or  eighteen 
months),  and  the  process  is  apparently  one  of  downward  growth  of 
the  axis  cylinders  from  the  proximal  into  the  distal  portion.  Accord- 
ing to  Bowlby,  good  results  under  these  cireunLstancei*  are  rare;  and 
this  very  fact  that  they  are  rare  points  to  the  conclusion  that  regen- 
eration, in  the  sense  in  which  he  uses  the  term,  in  a  thoroughly 
degenerated  nerve  is  imiMDHsible.  The  apparent  exceptions  are  prob- 
ably in  cases  in  which  the  axis  cylinder  from  the  proximal  iKjrtiom 
has  succeeded  in  growing  downwards  through  the  distal  portion. 

The  most  recent  and  by  far  the  most  conclusive  study  of  regener- 
ation has  been  made  by  Stroebe/*  Ho  used  compression,  continued 
for  several  hours,  ui>on  a  nerve  in  a  rabbit's  ear.  In  the  first  daj 
he  found  the  axis  cylinder  broken,  but  the  sheath  of  Schwann  pre- 
served. There  was  enlargement  of  both  ends  of  the  nerve,  caused 
evidently  by  the  contents  of  the  nerve  being  forced  out  of  the  com- 
]>reB8ed  portion.  Stroebe  showed  that  the  new  fibres  do  not  arise  in 
the  distal  portion  from  the  sheath  of  Schwann,  but  that  these  young 
fibfea  develop  from  the  nerve  stump,  I'.c.,  from  the  proximal  end,  by  a 
budding  process.  This  proximal  end  of  the  axis  cylinder  undergoes 
degeneration  for  the  distance  of  several  nodes  of  Banvier ;  this  degen* 
erated  iM^rtion  swells,  and  the  new  and  very  deliciite  fibres  spring  from 
the  sound  portion  just  behind  the  swoUen  end.  Several  of  these  may 
spring  from  one  old  axis  cylinder.  They  tend  to  grow  towards  the 
periphery  and  to  force  themselves,  as  it  were,  through  tlie  region  to 
which  the  pressure  hml  been  applied.  This  region  becomes  slightly 
swollen,  and  is  comixjsed  of  empty  sheaths  of  Schwann,  the  nuclei  at 
which  are  proliferating  freely.  The  young  fibres  poeaees  from  the 
very  fi^rst  delicate  medullary  sheaths;  they  pass  through  the  old 
sheaths  of  Schwann  as  far  as  the  area  of  compression*  In  passing 
farther  through  this  region  of  compression,  they  seem  to  follow  patba 
of  least  resistance,  8ometime«  keeping  within  the  old  sheaths  of 
SchwanUi  sometimee  penetrating  between  them*    The  distal  end  of  the 
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nerre  is  entirely  passive  in  tJiis  whole  process  of  regeneration^  acting 
Bimply  as  a  conduetiiig  tube.  Stroebe  saw  the  commencement  of  this 
process  of  regeneration  on  the  sixth  day  after  section  of  the  sciatic 
nerve,  and  on  the  seventh  day  after  compression  of  the  nen^e  of  the 
r&bbit's  ear.  From  his  description  and  illustrationB  it  appears  plain 
that  this  bnd(Eng  of  the  proximal  ends  of  the  divided  axis  cylinders 
is  an  embryonal  inocess  of  repair,  and  that  these  new  delicate  fibres, 
springing  from  the  nenron,  follow  merely  a  blind  impulse  of  growth 
through  paths  of  least  resistance,  and  therefore  that  they  can  reach 
the  peripheral  organs  to  which  the  old  axis  cylinder  went,  only  in 
ease  the  way  through  the  injured  and  degenerated  nerve  trunk  con- 
tiniies  pervious  Uj  them.  It  may  well  be  conceived  that  in  many 
eases  of  grave  injury  to  the  nerve  trunk  this  path  miglit  l)e  liope- 
leesly  blocked,  as,  for  instance,  by  scar  tissue.  It  is  readily  seen 
that  Stroebe's  work  is  a  confirmation  of  the  ideas  of  Ranvier, 

In  a  recent  paper  Ziegler"  claims  that  he  has  demonstrated  that 
tte  theory  of  an  outgrowth  of  the  new  axis  cylinder  from  the  stump 
of  the  old  one  is  not  according  to  facts.  His  view  is  that  the  old  axis 
cjUnder  is  passive.  The  active  agent  in  regeneration  is  a  nuclei-con- 
taming  protoplasm,  which  is  an  outgrowth  of  the  sheath  of  Schwann. 
From  this  protoplasm  a  primary  protoplasmic  fibre  is  developed,  in 
wliich,  by  a  process  of  differentiation,  arises  not  only  a  new  axis  cyl- 
bder,  but  also  a  new  sheath  of  Schwann  and  medullary  substance. 
This  new  axis  cylinder  is  nltimately  joined  to  the  stump  of  the  old 
one.  This  view  of  Ziegler's  is  a  recurrence  to' the  old  opinion  that 
the  new  nerve  fibre  is  an  outgrowth,  of  the  sheath  of  Schwann,  and  it 
13  80  radically  at  variance  with  the  opinions  now  held  by  histolo- 
gists,  notably  Stroebe,  that  it  cannot  be  accepted  until  confirmed  by 
PBeognized  eii>erts.  It  is  noteworthy  that  this  view  is  advanced  by 
a8tirgeon  in  a  surgical  journal. 

The  proximal  end  of  a  cut  nerve  undergoes  but  sliglit  changes, 
and  these  are  confined  to  but  a  email  extent  of  the  nerve  trunk. 
According  to  Ranvier,  only  one  or  two  nodes  or  segments  are  affected, 
hi  these  the  medullary  substance  is  broken  up  into  rather  a  finer 
whetance  than  in  the  distal  portion.  The  axis  cylinder  in  these 
ilected  nodes  swells.  The  nuclei  of  the  sheath  of  Schwann  grow,  and 
kge  leacocy tes  from  the  blood  penetrate  into  the  neiTe  Hubstauce. 

~  mges  are  probably  preliminary  to  the  formation  of  tlie 

m  on  the  proximal  or  central  ends.  These  bulbs  are 
?ly  of  fibrous  tissue.  Bowlby  says  that  there  Jire  also 
xis  cylinders  in  them,  and  he  appears  to  believe  that 
al  transition  from  the  newly  formed  ner\'ou8  tissue 
an  opinion,  however,  which  is  not  tenable.     The 
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bulb  is  apparently  merely  the  result  of  a  proliferation  of  conuective 
tissue,  which  occurs  in  the  effort  which  nature  makes  at  i-epair, 

Starr'*  suggests  that  the  conflictiiig  opinions  about  degeneratioa 
and  regeneration  may  be  due  to  the  fact  that  the  conditions  are  not 
always  the  same*  This  fact  has  been  already  indicated  above — the 
eonditions  in  a  freshly  severed  nerve  are  different  from  those  in  & 
completely  degenerated  nerve.  This  possibility  of  a  difference  in 
conditions  is  to  be  noted  especially  in  cases  in  which  degeneration  in 
nerves  occurs  after  injuries  other  than  complete  section.  In  such 
lesions  as  are  produced,  for  instance,  by  pressure,  bruising,  or  even 
inflammation,  the  severance  of  the  axis  cylinder  in  every  instance  may 
not  be  complete— in  other  words,  a  partial  nutrition  may  be  main- 
tained in  it.  Even  in  eases  in  which  severance  of  the  axis  cylinder  m 
complete,  if  the  nerve  trunk  itself  is  not  divided,  the  process  of  regen- 
eration, by  growth  downwards  of  the  axis  cylinder  along  the  oW 
paths,  must  be  more  easily  accomplished  than  in  cases  in  which  the 
nen^e  has  been  cut  entirely  through  and  then  reunited.  In  cases, 
again^  in  w^hich  there  is  complete  abolition  of  function,  both  motor 
and  sensory,  as  in  inflammation,  it  does  not  follow  necessarily  that 
there  is  always  complete  degeneration.  In  other  words,  a  partial  or 
perverted  nutrition  may  be  maintained.  It  is  evident,  therefore,  that 
in  ueuropathology  these  two  phenomena,  i.e.,  abolition  of  function 
and  degeneration,  should  not  be  confused,  Starr'"  gives  an  excellent 
dige^^t  of  the  literature  of  this  subject,  based  especially  on  the  ob8e^ 
vations  of  Neumann,  Meyer,  and  Ranvier,  As  already  said,  however, 
we  need  now  the  revelations  of  the  newer  stains  to  enable  ns  to  trace 
the  regenerated  axis  cylinders, 

S,  Weir  Mitchell"  called  attention  to  this  fact,  t.t'.,  that  various 
degrees  ami  stages  of  degeneration  and  regeneration  may  be  occur- 
ring in  the  same  nerve  in  cases  of  neuritis  following  injury.  This 
obst^rver  also  lK*lieved,  like  Btvwlhv,  in  the  anti^genetic  restoration  of 
the  distal  iKniiou  of  a  divided  nerve,  and  said  that  rei^aration  may 
occur  even  w^hen  a  nerve  has  been  transplanted  and  grafted  u^>on 
foreign  tissues.  But,  as  already  said,  Rniivier's  explanation  of  a 
downward  growth  of  the  axis  cylinder  is  more  consistent  with  the 
fticts  of  histohigy  and  our  recent  knowledge  of  the  neuron. 

A  still  more  imp(*rtant  pathological  i^nx^ess  in  nerves  is  injfamma- 
fioth  This  differs  tnnn  dogenerntion  in  being  a  more  active  process. 
It  is  always  the  result  of  the  injurious  action  of  some  external  agent 
upon  the  tissue  of  tlie  nerve.  Tlii8  external  agent  is  usually,  or  per* 
haps  always,  a  poison  of  sume  kind.  Thus  it  may  l>e  one  of  the 
ortlinary  well-known  iK>isons»  such  as  lead  or  alcohol;  or,  on  the 
other  hand,  one  of  the  so-called  toxi»  •^  generated  by  infec- 
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agents,  such  as  tlie  various  bacteria.  In  cases  of  nerve  injury, 
in  which  often  many  symptoms  of  neuritis  occur>  a  question  may 
ttm  wherther  there  is  really  a  true  inflammation  present ;  whether 
there  is  not  ratlier  a  degenerative  process,  such  as  has  been  already 
described^  associated  with  an  attempt  by  nature  at  repair,  which  may 
load  to  some  proliferation  of  connective  tissue.  Such  cases  were 
described  by  Weir  Mitchell  as  results  of  gunshot  wounds*  lu  cases 
of  iniuTT  to  nerves  in  which  a  true  intlamination  occurs,  this  is  prob- 
ably due  to  a  secondary  infection,  i.e.,  an  infection  that  has  taken 
plAC^  in  the  bruised  and  disabled  tissue  of  the  nerve. 

It  is  customary  to  describe  two  types  of  neuritis :  the  parenchy- 
matous and  the  interstitial.  These  two  types  bleud,  and  in  fact  it 
may  be  questioned  whether  they  are  anything  more  than  different 
stages  or  phases  of  the  same  process, 

Ib  parenchymatous  neuritis  the  first  thing  attacked  is  the  axis 
cylinder-  Tliis  soon  swells^  but  eventually  shrinks,  and  in  very 
severe  cases  may  disappear  entirely ^  just  as  it  does  in  degeneration. 
TMfl  process  is  accompanied  by  changes  in  the  coats  of  the  neiTe 
fibre;  the  medullary  matter  is  broken  up  and  the  nuclei  of  the  sheath 
of  Schwann  sw  ell  and  proliferate.  Thus  far  the  pro:;esB  is  much  like 
acute  degeneration.  But  in  inflammation  the  minute  bkuxl- vessels 
are  involved ;  their  coats  are  thickened,  they  are  jiacked  w^ith  cells. 
And  leucocytes  are  found  w^andering  in  the  tissues? .  It  is  not  often, 
bowever,  that  such  a  purely  parenchymatous  type  of  neuritis  is  found. 
It  is  the  type  that  is  seen  in  some  acute  cases  of  nem'itis  due  tn  the 
various  poisons— alcohol,  areeiiic,  etc. 

The  gradations  from  this  to  the  various  stages  of  interstitial  in- 
flammation are  not  difficult  to  recognize*  In  nifiny  so-called  iiaren- 
chjinatous  types,  in  fact,  some  involvement  of  the  connective  tissue 
ia  often  discernible.  This  proliferates,  and  the  nerve  is  consequently 
somewhat  sw^ollen  and  soft  at  fii-st.  This  stage  correspontls  to  the 
fjericd  of  ac*ute  pains.  In  more  ad^^anced  (pure)  cases  of  iuterHtitial 
Beuritis  the  increase  in  the  connective  tissue  is  conspicuous.  This 
connective  tissue  between  ihe  bundles  of  nerve  fibres  undergoes  rapid 
Itrnliferation ;  its  fibres,  interlacing  with  each  other,  encroach  upon 
imd  squeeze  the  bundles  of  nerve  fibres.  This  increase  is  esjiecially 
ortA^  „i — „!.  blood-vessels,  the  new  connc^ctive  tissue  formiug  ctmcen- 
see  Fig.  10),  which  gra<lually  [iress  upon  and  may  oblit- 
^eL  In  the  proliferating  connective  tissue  the  nuclei 
plainly. 

vessels  in  this  form  are  conspicuously  enlarged ;  they 
accumulated  corpuscles,  and  their  coats  are  tliick- 
ilso  seen  extravasation  of  these  cell  elements  into 
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the  iufliimed  tissue.     Leucocytes  abound,  and  there  may  be  minntA 
lieiufjrrliHjL^es,  iiiurked  by  f^oui^ft  of  the  red  bhjod  corpUHclee. 

Althuugh  thi^ro  is  wome  esLtnivanatioii  t)I  leiiet>cytes  and  »ometim«A 
miiiut*3  hemurrhiige8,  thuro  in  Holdum  seen  true  Bupimmtiou  wiUiiti 
the  nerve  wheat h,  oven  in  cases  in  which  the  nerve  hun  lieen  lying  in 
H(i|i]niniting  tissiieHi  and  even  Iwithcd  in  \mH  (CTOwerH).  Thin  m  uot 
an  al)«tihite  nde,  liowever,  an  in  some  of  the  hir^^er  nerve  tninkj^t,  as 
the  sciatic,  there  may  l>e  an  acute  inflammation  with  puH.  In  000 
very  rare  oiij^Hirtnnity  I  saw  Buch  a  ennditioD  in  a  patient  who  had 
been  siiiiering  with  sciatica,  and  who  died  after  a  brief  iUnaaft  from 
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ftnother  affeetian*  In  acute  inflammation  there  is  ustially  at  least 
considerable  extraviLsation  of  serum.  Of  course,  any  wandering  leu- 
cocyte is  in  tmth  a  pun  element;  the  mt^t  that  in  intended  here  is 
that  these  bcMlies  do  not  as  a  rule  accumulate  sufficiently  to  form  dis- 
tinct su|>puration. 

Tlie  aiiiount  of  damage  done  by  the  inflammatory  proeeaa  depends 
uiM>u  variouH  factors.  The  more  active,  extensive,  and  long  continued 
this  prtK^ess  is,  tlie  j^reater  and  more  ]>ermanent  ivill  be  the  injury. 
First,  pressure  upon,  and  then  destruction  of,  the  axis  cylinder  are  ths 
essential  damages.  In  cases  in  w^hich  the  extravasation,  swellings 
and  proliferation  are  slight  and  confined  to  the  connective  tissue,  the 
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BMTe  fibres  and  tLeir  axis  cylinders  may  be  but  little  injured.  Pres- 
goremay  interfere  with  their  function  in  tranBmitting  impulses^  hat 
my  not  destroy  them.  In  some  cases,  Bome  axis  cylinders  are 
mjured  and  others  not.  This  accounts  for  many  clinical  faetB. 
Whm  inHaramation  is  due  t<i  the  action  of  virulent  poisons,  as  for 
iDBtauee  dii>litheria,  it  is  just  possible  that  the  injury  is  not  due 
putirely  t*>  the  merhanical  efiects  (pressure,  etc),  but  to  direct  seda- 
tiTOor  toxic  action  upon  the  cytoplasm  of  the  neuron.  This  may 
ftoootmt  for  the  fact  that  sometimes  in  the  so-called  parenchymatous 
type  of  inflammation  the  injury  done  to  the  neiTe  j^tnictnre  does  not 
ippear  ade<ioate  for  the  symptoms  produced.  In  such  cases  a!>oli- 
iionof  funetitm  in  the  neuron  is  an  early  effet^t  of  the  infectious  proc- 
^  ami  IB  not  necessarily  in  proportion  to  the  amount  of  reaction  of 
Ihe  connective  or  meeoblastic  tissues  to  this  process.  As  the  inva- 
sion continues,  however,  not  only  the  axis  cylinder  but  the  hlnod- 
veasels  and  connective  tissue  begin  visibly  to  show  the  effect;  tlipu 
the  axis  cylinder  breaks  down  and  degenerates,  even  without  very 
eitensive  interstitial  changes.  At  a  later  stage  still,  the  connective 
tiisne  proliferates  more  and  more. 

That  the  neuron  is  capable  of  Ijeing  influenced  directly'  and  quickly 
W  various  substaneee  is  well  known,  and  the  fact  supports  the  theory 
jtist  advanced.  Thus  acails  and  even  sim])le  salt  act  as  irritants. 
Theie  is  no  reason  why  toxins,  generated  Vjy  microbic  ludion,  sliould 
not  have  in  some  instances  a  deleterious  effect,  abolisliing  function 
jtwt  as  a  narcotic  drug  does, 

Wlien  inflammation  results  in  destruction,  even  in  a  limited  area, 
4 the  axis  cyliuder,  it  acts  of  course  as  a  focal  lesitiu ;  the  distid  por- 
tion of  the  axis  cylinder,  l)eing  cntotT  from  its  ceil  Ixnly,  degenerates, 
pt  as  it  does  after  complete  section  of  the  nerve.  It  is  important  to 
recall  this  fact  when  considering  the  prognosis  of  inflammatiun.  If 
the  disease  has  l>een  of  long  standing  and  extensive,  the  resulting 
degeneration  may  be  as  complete  as  after  section,  and  consequently 
tb  process  of  repair  (regeneration)  may  be  long  coiitinued. 

loflammatiou  of  nerves  may  1>e  hn'alized  or  diffuHed.  It  may  l»e 
limited,  in  other  words,  to  a  comparatively  few  segments,  or  it  may 
extend  through  the  greater  extent  of  the  nerve  trunk.  The  typo  in 
ct  varies  according  to  circnmsttmces,  esijecially  Lanso  a  J  id 
Thus  the  seventh  ner\'e  is  apt  to  sufter  from  a  sharply 
ins  of  inflammation  where  it  emerges  from  the  bone,  wliile 
caused  by  lead  the  inflammation  is  extouded  through 
nerve  trunk.  Again,  the  process  may  be  jjt^ripheral 
d  so  far  as  the  ner^^e  rootB,  as  is  fre<pipntly  seen  in  al- 
in  these  cases »  too,  it  is  not  confined  to  one,  but  is 
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distributed  to  mnny  nerves.  An  aseendiDg  or  migrating;  type  is 
de«cril»ed,  in  wLifli  tlie  disease  process  may  even  pass  into  the  tM>it]; 
tliis  is  extremely  rare. 

Spec*ial  ft»rina  of  neuritis  are  doscribed,  as  the  syphilitic,  tl» 
tidierculuus,  the  lej irons,  tlie  cancerons,  otc.  These  dejiend,  for  any 
distin(*tivo  marks,  uiMvn  tlie  special  action  of  the  individual  i>oii*oii. 
A  syphilitit^  neuritis  is  a  common  form  in  some  of  the  cranial  uervea 
— the  third  and  sixth.  It  is  marked  by  the  exudation  *»f  a  gutntna* 
tous  material,  which  may  even  l>e  distiuguislied  in  the  nerve  trunk. 
Freriuently  tlie  diseaso  inocpss  liegins  in  the  membrane  <if  ih^ 
brain,  and  involves  thr<  m  rv«^  si mndaril y  or  by  contiguity.  Tuber- 
culous neuritis  is  also  most  common  in  the  cranial  nerves  in  cases  of 
tuberculous  meningitis.  The  le^irous  neuritis  constitutes  one  of  the 
best  known  forms  of  leiirosy,  the  anaesthetic  form;  in  it  the  inflajn* 
matory  prr>cess  is  undoubtj^'dly  due  to  a  distinct  microl)e,  which  has 
been  isolated  and  deseriltt*d.  In  cancer  the  nerve  trunks  in  Um 
immediate  vicinity  of  the  growth  may  Im3  intlamed,  and  may  even  ex- 
hibit in  rare  instances  the  characteristic  neoplastic  tiasQe  within 
their  sheaths  (Cornil  and  Ranvier). 

A  neuritis,  especially  of  tlie  parenchymatous  or  degenerative 
form,  is  sometimes  seen  aa  a  complication  of  other  diseaaeg.  In 
locomotor  ataxia,  for  instance,  such  a  neuritis  occuis.  In  some 
instances  it  is  more  like  a  degeneration  than  an  inflammation  of  tJio 
axis  cylinder,  and  yet  it  is  protwibly  an  active  rather  than  a  iiasaiie 
disease  process.  As  suggested  above,  such  a  jirocess  may  be  merely 
tlie  dir(K»t  miction  of  a  toxin  upon  the  sensitive  cytoplasm  of  the  axifl 
cylinder.  In  tabes,  moreover,  the  initial  luHion  may  l>e  uiion  the  cell 
body  of  the  neunm  in  the  ganglion  f)f  the  posterior  root;  in  such  a 
case  the  axis  cylinder  degenerates  because  of  the  poisoning  of  ita 
nutritive  centre — the  nucleus.  The  painful  crises  of  h>comotor  i 
may  possibly  he  caused  by  the  irritative  actitm  of  a  toxin  ujKxn 
neurons  in  the  intervertt^lu-al  ganglia.  The  inflammatory  pr 
under  these  circumstances,  is  merely  the  reaction  of  the  vascular 
and  connective  tissue  to  the  irritant,  which  may  be  diffused  through 
the  cytctplasm  of  the  neuron,  as  w^ell  as  ciirried  in  the  blood. 

Some  diseases  ajjpear  to  exercise  a  selective  action  and  affect  some 
neuroiLS  more  tlian  others.  Tlius  dialjeteji  is  cKeasionally  compliciitad 
with  a  neuritis,  in  which  the  sensory  neurons  appe-ar  t*i  suffer  mora 
than  the  motor.  This  causes  the  Sf>called  afaxw  tyf>e  of  neuritis,  of 
which  more  will  be  said  hereafter.  It  is  occasionally  caused  also  by 
lead  and  alcohoL" 

A  fieculiar  disease  has  been  described  by  Morvan»  anil  is  called  by 
his  name ;  it  probably  de|)ends  upon  a  neuritis.     In  the  e^irly  stag^ 
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pttm  Ib  felt  in  the  affected  DerveB ;  later,  an^estbesia,  analgesia,  and 
losB  of  temperature  sense  occur,  but  the  ehamcteristic  lesion  is  a 
pabless  whitlow,  which  may  terminate  in  the  eomplete  loss  of  one  or 
more  of  the  distal  phalanges  of  the  fingers*  Muscular  atrophy  also 
occurs.  The  claaaical  symptoms  of  syringomyelia  are  simulated  ia 
some  degree  in  these  cases.  The  neuritis  is  probably  due  to  an 
iafeetious  process,  as  Morvan  noted  a  comparatively  large  number  of 
ca868  among  a  fiiihing  community  in  a  town  in  Brittany.  Some 
obeervers  have  claimed  that  the  poison  of  leprosy  is  responsible  for 
tMs  train  of  symptoms ;  and  the  neuritis  of  leprosy  does  nndoubt- 
edlv  cause  severe  trophic  lesions.  Some  confusion  exists  as  to  the 
identity  of  Morvan *s  disease.  Bernhardt,  Both,  Broea,  and  others 
iiiclined  to  the  belief  that  it  was  the  same  as  syringomyelia.  Charcot, 
Dejerine,  and  others  thought  the  two  were  distinct.  Morvan  claimed 
tkt  the  whitlow  was  more  common  than  was  syringomyelia,  and  that 
tactile  senile  was  involved  as  well  ae  the  sense  for  ymin  and  tempera- 
toe  (BruhP*).  The  disease,  as  described  by  Morvan,  has  some 
jtriking  resemblances  to  anfleathetic  leprosy. 

Chronic  rheumatism,  paralysis  avians,  and  senility  are  all  asso- 
ciated sometimes  ivith  alterations  in  the  nerve  trunks,  which  are  of 
either  a  degenerative  or  an  inflammatory  type,  but  this  type  is  not 
eapecially  distinct  from  neuritis  as  seen  in  other  circumstances. 

Finally,  morbid  Kr*iwtha,  neurmnafa^  may  occur  in  nerves.  They 
bve  been  distinguished  as  two  forms^true  neuromata,  in  which  the 
growth  is  apparently  formex^l  largely  of  nerve  fibres;  and  false  or 
pseQclo-neuromata,  in  w^hich  the  new  tissue  is  largely  fibrous  (Gow- 
m).  They  may  be  single  or  multiple.  Myxomata  and  sarcomata 
hflTft  been  seen  growing  within  the  nerve  sheath.  These  cannot  lie 
regarded  as  true  neuromata,  since  that  term  should  be  restricted  to  a 
trne  overgrowth  of  nervous  tissue.  Whether  such  a  true  neuroma 
e^er  occurs  is  a  doubtful  question  (see  the  descrii>tion  of  tumors  in 
the  sciatic  nerve,  below).  From  a  glance  at  the  literature  it  is 
evident  that  small  tumors  in  nerves  are  like  tumors  elsewhere— 
eBsentiaUy  a  growth  of  non-specialized  tissue.  Of  course,  nerA'G 
fibres  may  be  found  in  them,  but  these  are  probably  only  the  original 
fibres  of  the  nerve  trunk  which  have  become  involved  in  the  new 

t'       l^T-om  wliat  we  know  now  of  the  neuron  it  appears  extremely 
that  tills  can  proliferate  to  such  a  degree  as  to  form  a 
'plasm.      In  all  these  cases  there  is  probably  only  an 
f  connective  tissue*     Duhring  has  described  a  rare  and 
se  of  what  he  called  veurama  cutis,  in  which  numernuB 
i  >bsftr\'ed  in  the  skin  of  the  shoulder  and  arm. 

■  '"^e  nerves,  and  were  seen  under 
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the  microscope  to  be  formed  of  coimective  tissue  in  which  the  origi- 
nal nerve  fibres  were  embedded*  Pain,  in  paroxysms  of  great 
sereritj,  was  a  prominent  s  vmptom, 

Gower«  describes  a  variety  of  neuroma,  consisting  of  inter* 
lacing  cords,  nodular  and  tortuous,  which  he  calls  plexiform  ndii- 
roma.  The  disease  begins  in  foetal  life,  and  is  usually  seen  on 
some  branch  of  the  fifth  nen^e,  as  in  the  orbit  or  upper  eyelid.  In 
this  example,  as  in  all  others,  the  new  growth  appears  to  be  of  ooo^ 
nective  tissue,  enclosing  the  original  nerve  fibres.  The  growth  is 
sometimes  myxomatous  in  character,  and  is  evidently  an  overgrowth 
of  mesoblastic  tissue,  not  of  true  nerves.  It  is  |K>8sible  that  the 
nerve  fibres  are  swollen  and  enlarged  in  these  cases,  but  thia  coadi* 
tion  is  not  the  same  as  hproltferation  of  these  fibres.  Gowers  appears 
inclined  to  the  belief  that  true  neuroma  may  occur,  but  he  fails  to  gite 
a  satisfactory  instance  of  it.  All  his  references  and  descriptions  make 
it  plain  tiaat  there  was  always  present  an  oYergn3wih  of  connectiiie 
tifisue.  His  statement  that  ganglion  cells  have  been  found,  thaugh 
only  in  two  instances,  requires  confijination. 

GENERAL  STMFTOMATOLOGT, 

The  general  symptoms  of  diseases  of  the  peripheral  nervonB  mfm^ 
tern  may  be  descril>ed  as  they  refer  to  motion,  sensation,  nutritioii, 
the  reflexes,  and  the  circulation.  All  of  these  symptoms  are  doe 
8imi>ly  to  alterations  in  the  normal  physiological  action  of  the 
peripheral  motor  and  sensory  neurons ;  hence  it  is  absolutely  neeee- 
sary  to  understand  what  has  been  written  in  the  preceding  pagea 
about  the  anatomy  and  physiology  of  these  nervous  structures  in 
order  to  understand  these  diseases.  In  order  to  avoid  undue  repeti- 
tion constant  reference  will  be  made  to  these  preceding  descriptions. 
It  ia  essential  to  reflect  also  that  we  ai^  concerned  here  simply  and 
solely  with  the  perii>heral  nervous  system. 

Disorders  of  Motion* 

These  are  among  the  commonest  and  most  notable  of  the  effects 
of  diseases  of  the  nen^es.  These  disorders  are,  briefly,  spasm,  con- 
tracture, tremor,  fibrillation,  incoordination,  and  paralysis.  Some 
of  these,  it  is  true,  are  practically  not  seen  when  the  nerve  trunk  (axis 
cylinder)  is  alone  affected,  but  all  of  them  may  occur  in  diHeases  that 
affect  the  cell  l)ody  of  the  neuron.  It  will  be  necessary  to  point  out 
this  distinction  under  each  heading. 

*S/M/*m,  for  instance,  is  seldom  seen  in  affections  of  the  nerve 
trunki  yet  it  is  not  unknown.    As  already  shown,  it  may  occur  in 
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tm  of  the  stages  of  pressure  (see  page  44).  Tulpian  and  others 
observed  this.  It  may  posaibly  occur  in  rare  instances  in  the  very 
early  irritative  stage  of  neuritis,  but  tliis  most  be  an  exceedingly  rare 
oocarrence.  Other  irritative  lesions  do  undoubtedly  cause  sjiasm  in 
tome  nerves.  Thus  irritative  lesions  of  the  superior  or  inferior 
larjngeal  nerve  may  cause  adductor  spasm  (Herter'").  In  some 
(onus  of  spinal  meningitis,  in  which  the  nerve  roots  are  irritated, 
spasm  or  a  spastic  state  of  the  muscles  occurs.  This  is  usually 
attributed  to  initation  of  the  nerve  roots,  which  of  course  are  com- 
posed of  axis  cylinders  exclusively,  but  it  may  be  a  question 
whether  the  bodies  of  the  neurons  (multipolar  cells)  are  not  also  irri- 
tat<?*l  ID  some  of  tliese  case^.  It  is  necessary ,  moreover,  to  distin- 
guish a  true  spastic  state,  due  to  irritation  of  ner\'e  roots,  from  an 
eidted  reflex  spaam  or  increased  tonus  (see  section  on  the  reflexes, 
page  34).  The  form  of  spasm  caused  by  diseases  or  affections  of  the 
Mne  trunks  is  the  tonic,  in  contrast  with  the  clonic  form,  which  is 
Always  a  symptom  of  irritation  of  the  brain  cortex.  This  distinction 
U  important.  The  gray  matter  of  the  brain  gives  rise  when  irritated 
to  a  series  of  clonic  spasms,  epileptiform  in  character,  in  the  related 
DQUgcles.  The  irritation  in  such  a  case  acts  first  ux^on  the  central 
motor  neuron  in  the  cortex  of  the  brain,  the  impulse  being  conimuni- 
cated  from  it  to  the  peripheral  motor  neuron  (nndtipolar  cell  in  the 
anterior  horn)  in  the  gray  matter  in  the  cord.  When,  however,  the 
aiis  cylinder,  not  the  cell  body,  even  of  the  central  neuron  is  irri- 
tated (as,  for  instance,  by  faradism),  the  resulting  spasm  is  tonic. 
The  resulting  spasm  from  irritation  of  the  axis  cylinder  of  the 
peripheral  neuron  (motor  nerve)  is  also  tonic  (Franck  ") ,  I  have  Iiad 
occasion,  in  a  number  of  instances,  to  ajjply  the  faradic  cuiTent  to  t!ie 
brain  cortex  in  operations  upon  the  human  brain,  and  I  have  confirmed 
this  observation,  to  the  extent  at  least  that  direct  irritation  of  the 
motor  cells  in  the  cortex  causes  clonic  spasms,  persisting  after  the 
withdrawal  of  the  irritant.'*  Moreover,  the  clonic  sj>ii8ra,  caused  by 
eicifiDg  the  motor  cells  in  the  corteix,  persists  for  some  time  after  the 
itritant  is  withdrawn;  whereas  the  tonic  spasm,  c^iused  by  applying 
^farftdic  current  to  the  exposed  fibres  in  the  white  matter  in  the 
bottom  of  the  wound,  after  excising  the  cortex  for  epilepsy,  ceases 
as  the  irritant  is  withdrawn  (Franck,  Lloyd).  In  thiH  latter 
exposed  fibres  in  the  white  matter  are,  of  course,  axis 

uic  spasm  or  cramp  is  an  occasional  symptom  of  multi- 
its  early  stage.     It  may  also  Ije  caused  by  pressure  on 
K  is  seen  not  seldom  in  parturition.     In  this  case, 
sible  that  interference  with  the  circulation  may  be 
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a  cauBative  factor.     The  moBt  commoD  seat  of  cramps  is  in  the  muB* 
cleB  of  the  ralf  of  the  leg, 

Cofitravture  is  a  state  of  persistent  contraction  or  shortening  of  a 
muscle.     This  is  the  usual  explanation,  although  the  condition  in 
all  cases  is  probably  Dot  the  same  thing  phjsiologically  as  contrac- 
tion.    CoDtraction  is  the  physiological  act  of  shortening  by  which  the 
muscle  performs  its  ftmction;  it  is,  as  a  rule,  rather  brief  in  duration, 
although  it  may  persist  for  variable  periods  of  time.     Contracture, 
on  the  other  liand,  is  a  persistent  state  of  shortening  of  the  muscle, 
which  as  a  mle  is  no  longer  under  the  control  of  the  will;  and  this 
contracture  can  l>e  overcome  only  by  passive  eflfort.     It  is  always 
pathological.     By  some  it  is  explained  as  a  sort  of  persistent  exag- 
gerated n^Hox  trmurt.     It  (X-cura,  for  instance,  in  cases  in  which  the 
muscle  is  cut  ufif  from  the  volitional  centres,  as  in  old  cases  of  hemi- 
plegia.    This  form  of  contracture  is  also  seen  in  diseases  of  nerves. 
In  some  forma  of  neuritis  the  contractures  which  occur  may  be  per- 
manent and  cannot  Ije  overcome  readily  even  by  passive   forcible 
movements.      These  contratitures  appear  to  be  caused  in  the  lesf* 
paralyzed  uuiscles,  an  the  flexors,  and  maybe  explained  by  the  fact 
that  the  exteiLsom  are  so  completely  paralyzed  as  to  oflFer  no  counter- 
ff)rce  to  the  flexors.     They  are  thus  in  a  sense  physiological,  nc, 
they  are  due  to  the  natural  contractility  of  the  muscular  fibr©  when 
this  is  unopirosed. 

Tremor,  which  is  not  a  rare  symptom  in  diseases  of  the  central 
ueiTouB  ^^vHtem,  is  very  rare  in  tho^e  of  the  nerves.  It  is  a  rhythmi- 
cal to-and-fro  movement,  of  rather  limited  range,  due  to  the  alternate 
contraction  and  relaxatitm  of  opposing  nniscles.  It  is  no  doubt  due 
to  alterations  in  the  motor  neurons,  in  those  both  of  the  cortex  aud 
of  the  spinal  cord*  Wlien  it  occurs  as  a  symptom  in  diseases  of  the 
peri]>]jeral  nervous  system,  the  likolihood  is  that  the  cell  body  of  the 
neuron  is  ailected,  and  rarely  the  axis  cylinder  only.  Tremor  is  said 
t*j  occur  in  some  cases  of  neuritis;  in  such  instances  it  is  i>ossibly 
caused  by  the  debilitation  of  the  axis  cylinders,  so  that  the  normal 
nerve  impulses  fluw  both  feebly  and  irregularly.  Tremor  occurs  also 
in  liysteria,  neunistheniaj  alcr^hdliHrn,  chronic  ]X>isoning  with  lead 
and  mercury,  exophthalmic  goitre,  and  the  exhaustitm  caused  by 
acute  febrile  diseaseH,  The  exact  weat  of  the  tremor  cannot  be  stated 
with  certainty  in  most  of  these  diseases,  and  yet  from  their  nature 
this  seat  is  not  ])robaVJy  in  the  nen*e  trunks  (axis  cylinder)  exclu- 
sively. It  is  more  ]irobu1>ly  in  the  whole  of  the  peripheral  motor 
neuron,  since  this  anatomical  structure  is  a  unit  and  likely  to  be 
affected  as  a  whole  by  poisons  and  general  nervous  states. 

Flbrillalion  difl'ers  from  tremor,  among  other  Avays,  by  the  fact 
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tlat  it  is  an  affection  of  a  few  individiml  fibres  ratlier  than  of  the 
whole  muscle*  It  is  au  iuvohiutary  movement  of  these  fibres,  rather 
sluggish  in  character.  It  m  a  wave-like  motion,  seen  just  beneath  the 
skin,  and  so  feeble  that  it  does  uot  move  the  muBcle  as  a  whole,  and 
ol  course  causes  no  movement  in  the  parts  to  which  the  rauRcle  is 
attached*  It  m^j  occur  iu  only  a  few  til>res  at  long  iute^iTalH  of  time, 
oritmav  be  tliffused  tlirou^h  many  fibres  of  the  muscle,  the  succ^s- 
give  waves  of  fil)riUation  chasing  each  other  iu  rajjid  succession.  In 
c&sesin  which  they  do  not  occur  s[»ontaneously  or  frequently,  fibril- 
Ibtt  contractions  can  often  lie  excited  by  smartly  tapping  tlie  skin 
orer  the  mnacle  with  the  finger.  Exposure  of  the  surface  to  the  cold 
iir,  as  by  removing  the  bed  clothes  or  body  clothes,  will  often  excite 
tliem.  Fibrillation  is  proba!>ly  caused  by  a  leHinu  wliich  at  ouce 
weakens  and  irritates  the  cell  body  of  the  |)eripheral  motor  neuron  in 
the  anterior  hom  of  the  spinal  cord.  It  in  not  caused  by  diseases, 
pure  and  simple,  of  the  nerve  tmnks  or  axis  cyliuderH  of  the  nourons* 
It  is  mentioned  and  descril>ed  here  in  order  that  its  negative  value  as 
a  symptom  of  the  f>erii>heral  nervoiLs  system  may  te  understood, 
Tte  cell  body  iu  the  cord  and  the  axis  cylinder  in  the  nen'e  trunk 
belung  to  one  and  the  same  anatoinical  unit,  the  neuron.  It  seems, 
Lnwever,  that  fibrillation  is  excited  only  l)y  an  irritant,  continuously 
or  almost  continucmHh'  acting  upon  the  cell  body^  i.e.,  the  multij>olar 
cell  in  the  anterior  horn.  This  symj^tum^  therefore,  is  almost 
entirely  confined  to  progressive  degenerative  processes  that  affect 
and  gradually  destroy  the  large  ganglionic  motor  cells.  Such  a  dis- 
use especially  is  chronic  anterior  poliomyelitis.  While  this  is  tlie 
opmion  usually  entertained  of  the  significance  of  fibrillation,  there 
does  not  seem  any  a  priori  reason  why  irritatiou  aj) plied  to  the  axis 
cylinder  or  its  ramifications  should  not  Ije  able  to  cause  this  symp- 
tom. Herter''  expressly  states  that  degenerative  neuritis  may  cause 
fibrillation,  and  even  intimates  that  in'itiition  of  the  motor  nerve  eud- 
mgs  may  also  possibly  cause  it.  This,  however,  is  as  yet  a  some- 
what speculative  rpiestion. 

hntdnfhiafiff}*  is  an  iiTegularity  of  movement  caused  by  a  series  of 
Qneqnal  and  improperly  adjusted  muscular  contractioos.     To  under- 
I     ataBcI  it,  the  normal  association  of  the  muscles  in  producing  complex 
I  i  must  be  considered.     In  a  voluntary  movement,  depeud- 

B  he  mutual  action  of  several  allied  and  npposiug  muscles  or 

^^H  mmseles,  the  precision  of  the  movemf^ut  depends  upon  the 

^^M  8  force  exerted  by  these  several  groups.     This  precisirm, 

^^1  presents  a  balance  of  power  so  adjusted  that  the  exact 

^^^^^  the  result,  aud  the  resultant,  therefore,  is  the  effect  of  the 

^^^^^L^^tion  of  these  muscles.     All  the  muscles  iuvolved  must 
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contribute  just  the  projier  amount  of  force,  and  just  at  and  for  the 
proper  duration  of  time,  in  order  that  the  movement  may  be  exact 
The  exact  seat  of  this  power  of  coordination  is  no  doubt  in  the 
central  nervous  system  (cerebelhmi  or  motor  cortex  ?),  and  preci- 
sion of  movement  is  the  result  t*f  education*  This  power  def>eudK  un- 
doubtedly, however,  upon  the  intern tj  of  the  peripheral  system^  ee- 
l»ecially  the  sensory  system  and  the  muscular  sense.  Hence  it  may 
be  disturbed  by  a  variety  of  diseases,  both  central  and  perij>heral. 
Thus  tliere  is  a  cortical  incoordination  or  ataxia,  as  well  as  a  cere- 
bellar, a  spinal,  and  a  ijeripheral  one.  In  the  forms  due  to  central 
disease,  as  sclerotic  i>rocesse8,  cerelxillar  tumors,  etc.,  the  central 
seat  of  this  function  is  involved,  while  in  tlie  forms  due  to  ijeripheral 
disease  the  nerve  trunks  or  their  ends  are  affected.  The  muscular 
sense  is  no  doubt  largely  the  basis  ui  sui>i)lyt  as  it  were,  for  the 
imjiulKOs  upon  which  the  central  organ  depends  for  a  proper  exercise 
of  this  function.  In  locomotor  ataxia  the  incoordination  probably 
depends  upon  the  affection  of  the  peripheral  sensory  neurons,  Inco* 
ordination  or  ataxia,  as  a  symptom  of  disease  of  the  i>eripheral  ner- 
vous system,  is  seen  esjMii^iall^^  in  Sfmie  forms  of  multiple  neuritis.  In 
this  disease  the  symptom  is  probably  caused  by  involvement  of  the 
sensory  fibtes  in  the  skin  and  in  the  nerve  trunks.  Hence  anieethe- 
sia  is  usually  a  marked  feature  of  these  cases.  They  present  an 
ataxia  almost  if  not  quite  identical  with  that  of  locomotor  ataxia,  and 
thus  lejul  to  a  confusion  of  these  two  diseases.  Such  cases  have  been 
descrilied  under  the  title  of  pseud otsibes.''  This  form  of  multiple 
neuritis  is  caused  especially  by  alcohol,  lead,  and  dijihtheria.  In 
1K84  Dejerine"  descril>ed  this  affection  undf^r  the  head  of  nervodAft 
fyenphSriqtte,  He  had  oljserved  it  in  two  alcoh<ilic  subjects,  both  of 
wh<*m  had  incoordination,  auBBsthesia,  aljolition  of  the  knee  jerks, 
atrophy,  and  paresis,  w^ithout  involvement  of  the  eye  muscles  or  blad* 
der.  Post  mortem  he  found  inflammation  of  the  cutaneous  nerve 
endings,  slighter  changes  in  the  intramuscular  nerves,  and  no  change 
whatever  in  the  posterior  roots,  their  ganglia,  or  the  spinal  cord. 
Alxmt  the  same  time  Dreschfeld  "  descri1>ed  a  type  of  alc-oholic 
ataxia;  his  clinical  picture  was  strikingly  like  Dejerine*s,  but  was 
witliout  such  careful  fiost-mortem  findings,  Kruche"'  also  wrote  a 
paper  on  " Pseudobiljt^s  in  Alcoholics."  Even  l>efore  these  observ- 
ers, however,  Wilks,  in  his  lectures  in  1H78,  and,  still  earlier,  Leu- 
det  *'  described  the  same  condition.  Leudet  wrote  before  multiple 
neuritis  was  genenilly  thought  of.  and  he  came  near  to  describing 
what  we  recognize  to-day  as  polyneuritis.  In  1888  Ley  den  wTi>te  a 
monograph,  in  wliich  he  distinguished  five  forms  of  multiple  neuritis, 
one  of  which  he  named  the  sensory  form  and  grouped  under  it  the 
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icnie  ataxias,  whose  cases  are  distinguished  especially  bj  incoordi- 
nation and  depend  upon  the  lesions  of  the  peripheral  sensory  neuronB 
kere  referred  to.  These  cases  depend  upon  the  involvement  of  the 
peripheral  endings  of  the  cutaneous  neiTes— the  lesion  described 
hy  Dejerine.  In  the  case  described  by  the  writer  the  patient  was 
a  IMiiiiter  who  had  been  exposed  to  lead  for  many  yeai-s,  and  who 
also  had  been  a  hard  drinker.  Hin  symptoms  so  closely  resembled 
tabes  that  his  c^ase  had  l)een  diagnosticated  as  such  by  a  competent 
rtbeener,  but  the  autopsy  revealed  no  involvemeut  of  the  spinal  cord. 
The  iraportanc©  of  recognizing  these  facts  in  neuropathology  is  very 
greiit,  because  if  they  are  ignored  a  comparatively  curable  disease 
maj^  be  mistaken  for  tabes,  which  is  practically  incurable. 

BmibfSis  in  some  form  is  the  most  common  symptom  of  disease  of 
the  peripheral  nervous  system.  When  thus  caused  it  usually  has 
lome  general  features  that  ser\^e  to  distinguish  it.  First,  for  instfinee, 
its  distribution  is  often  characteristic.  Thus,  if  it  results  from  a  dis- 
ease limited  to  one  nerve  trunk,  it  is  fouud  only  in  the  muscles  sup- 
plied by  this  nerve.  This  form  of  paralysis  is  usually  so  consjiicu- 
oua  and  characteristic  that  mistake  is  wellnigh  impossible.  Gotxl 
eitmples  of  it  are  seen  in  paralysis  of  the  third  and  of  the  seventh 
Dene.  In  cases  in  which  more  than  one  nerve  is  involved  the  groups 
of  miiscles  that  are  paralyzed  have  often  a  rather  irregular  distribu- 
tion, and  are  not  necessarily  physiologically  associated  as  they  are 
lilely  to  be  in  paralysis  from  cerebral  lesions  esjiecially,  and  to  a 
\m  extent  from  spinal  lesions  also.  The  degree  of  paralysis  is  a 
second  characteristic  of  some  value.  The  muscles,  when  suijplied 
bj  oDe  nen^e,  are  usually  e<iually  paralyzed,  smd  in  many  cases  they 
are  absolutely  paralyzed.  There  is  no  paralysis  more  comfjlete  thau 
that  caused  by  a  severe  lesion  of  a  nen^e.  The  peripheral  motor 
DeuroDfl  being  in  such  a  case  corax)letely  disabled  for  transmitting 
impulBes,  the  resulting  paralysis  will  be  absolute.  This  rule,  of 
course,  is  not  invariable,  because  slight  lesions  may  jjermit  some 
impulses  to  pass;  neither  is  it  distinctive,  Ijecause  absolute  paralysis 
m&y  be  caused  by  lesions  of  the  brain  and  cord ;  but  it  is  neverthe- 
less often  characteristic  when  olmerved  in  a  limited  muscle  group 
wkich  is  supplied  by  a  single  nerve^as  in  the  faL^e,  for  instance. 
""*  '  '^  3  kind  of  paralysis  is  quite  characteristic  in  eases  of  periph- 
.ons;  the  palsy  is  always  flaccid,  the  tone  of  the  muscle  is 
minished  or  lost.  Consequently  secondary  spastic  states 
in,  as  in  the  c^ase  of  hemiplegia  and  of  paraplegia  due  to  a 
lesion.  In  long-standing  cases,  it  is  tnie,  a  late  contrac- 
its  in,  but  this  is  not  spastic  and  tloes  not  imply  an 
us  in  the  muscles.     It  is  not  easily  ex:i>lained,  but  may 
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he  due  tf>  tliB  dogeuorativc)  processes  taking  plaeo  in  the  tissue  of  the 
muscles.  In  IiiM3  with  tliese  facts  in  t)te  aUcilitioii  of  the  reflexes 
that  have  tht^ir  eoui*He  through  the  affected  nerve  tmnks*  Peri  libe- 
ral palny  18  always  cliaracterizetl  by  the  loss  of  these  reflexes* 
This  of  course  is  iiieW table,  from  the  fact  that  the  mo- 
tor ueurotift  from  tlie  cord  (antl  probably  the  sensory  neu- 
rons t<x>)  are  impaired.  This  flaccid  paralysis,  with  k 
of  mu8cular  time  and  of  reflexes,  being  caused  by  disea 

or  injury  of  the  i peripheral  motor  neuron  in 
any  of  ih*  parts,  is  seen  as  well  in  those  dia» 

eases    that    affect    exclusively    the 

cell   body   of   this    neuron    in 

spinal  conl  (as  anterior  poliomyc 

litis),  as  in  iliseases  of  the  nerves* 

Diseases  of  these  two  regions  can 

l>e  tnld  apart  only  by  other  aymp* 

toms  than   the   piaralysis.     As  said 

already,    the    degree    of     paralysis 

may  vary,  even  in  crises  of  peri  pi 

ral  lesions,   although  ni^t  so    con 

monly  with   them   as   with    central 

degree    of    paralysis    is    sometimes 

rc'fers  entirely  to  the  degree  of 

Finall,y  the  reactions  of  degen- 
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lesions.     A    partial    or    mild 

called  /mresis,  but  this  ilistinction 

paralysis,  not  to  its  cause  or  kind. 

eratioD,  to  be  deseribod  later,  cx^cur  in  this  form  of  paralysis. 

To  test  paralysis  is  usually  not  difficult;  only  simple  teste  are 
requisite.  Some  instruments  of  precision  are  in  use,  as  the  dyna- 
mometer, for  registering  the  power  in  the  grip,  Dana  has  designed 
a  leg  dynamometer  and  a  foot  dynamometer  (Figs.  11  and  12).  All 
these  instruments  merely  measure  the  power  of 
particahir  groups  of  muscles,  and  do  utjt  give 
much  more  extict  knowledge  than  can  be  gained 
without  them.  The  power  of  the  grip,  for 
instance,  can  be  better  tested  in  many  cases  by 
the  physician  giving  his  hand  to  the  patient  and 
having  him  sc^ueeze  it;  in  thia  way  an  accurate 
idea  of  the  strength  and  mobility  ot  the  muscles 
is  directly  imparted,  that  cannot  be  gaiued  by 
the  instrument.  Moreover,  a  comparatively 
small  number  of  muscles  are  athipted  to  precise 
testa;  in  most  of  them  simple  ol^servation  by  sight  and  l>y  resistance 
is  alone  possible.  To  t^^st  the  fiower  of  tlie  legs  a  few*  simple 
methods  suffice;  thus  the  physician  may  flex  the  patient  s  leg  wMle 
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the  latter  lies  on  his  back,  afld,  holding  the  sole  of  the  foot  firmly 
ID  his  hand,  request  the  patient  to  extend  the  leg  forcibly.  In  hemi- 
plegia the  patient  cannot  e]^t6Dd  his  foot  against  this  resistance ;  even 
in  hemiparesia  the  effort  is  in  marked  contrast  with  the  Bound  side. 
hi  multiple  neuritis  the  patient,  as  he  lies  on  bis  back,  cannot  lift  bis 
entire  leg  from  the  bed  at  once  (flex  it  at  the  hip)  without  bending  the 
bee.  When  he  attempts  to  do  so,  the  knee  is  bent  and  the  heel  does 
not  leave  tbe  bed,  but  is  dragged  tip  along  the  surface  of  the  bed  to- 
wards the  buttocks.  This  is  because  of  tbe  paralysis  of  tbe  estenBors. 
In  jmcoDScious  or  Bemiconscious  states  a  paralyzed  leg  or  arm  loses 
all  resistive  power  j  bence  tbe  sense  of  reaistanee  is  not  imparted  to  tbe 
observer  as  it  is  by  the  nnparalyzed  member.  This  extreme  flaccid- 
ity  is  seen  in  apoplexy  with  hemiplegia.  In  tbe  case  of  some  of  the 
small  muscles  and  groups  of  muscles  certain  precautions  must  be 
observed.  The  tongue,  for  instance,  deviates  towards  the  paralyzed 
side,  because  physiologically  it  is  pushed  out  of  the  mouth ;  conse- 
quently the  muscles  of  the  sound  side  i>ush  it  over  towards  the  uu- 
oppoaed  side;  but  in  some  cases  in  which  the  face  is  paralyzed,  the 
comer  of  the  mouth  droops,  and  this  may  cause  an  appearance  of 
alight  deviation  of  the  tongue,  which  is  deceptive.  The  extrinsic 
maaclea  of  the  ©ye  require  careful  observation  to  determine  their 
paralysis,  but  this  subject  will  be  referred  to  aj^ain  in  tbe  proper 
place.  Changing  the  attitude  sometimes  gives  valuable  indications 
of  weakness  or  paralysis  of  certain  mnsclea;  thus  in  rising  from  tbe 
iBclirdng  or  sitting  to  the  standing  jxisition,  the  i)atient  mtiy  not  bo 
dde  to  use  certain  essential  muscles.  In  some  of  tbe  forms  of  mus- 
edar  dystrophy,  as  pseudohypertrophic  muscular  paralysis,  the 
weakness  of  the  muscles  of  the  legs  is  l>est  shown  by  the  patient*s 
characteristic  way  of  **  climbing  up  bis  own  legs"  in  rising  from  a 
sittmg  position  on  the  floor.  Again,  the  gait  is  often  characteristic ; 
thus  the  gait  of  multiple  neuritis  is  thought  to  resemble  that  of  a 
tnrlpy  cock,  because  of  the  dropping  of  the  foot  as  the  leg  is  lifted, 
due  to  paralysis  of  the  extensors. 

Disorders  of  SenBation. 

explained,  sensation  has  a  variety  of  modes.     These, 

die  tactile  sense,  the  sense  for  heat  and  cold,  the  senne 

And  the  muscular  sense.     Their  physiology  has  alreiuly 

ed    (page  28) »     Considerable    obscurity  clings   to   the 

ither  these  various  modes  have  distinct  paths  in  the  ner\*e 

hetber  the  sensory  neurons  are  differentiated  so  as  to 

vte  and  distinct  modes  of  sensation.     TMiatever  final 
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answer  physiology  and  liistolog}"  may  give  to  tliis  question » the  climi- 
cal  fact  is  plain  that  these  varieties  are  separable  by  disease.  As  the 
course  of  all  of  them  is  by  way  of  the  peripheral  sensory  neuroDfl 
from  the  periphery  to  the  spinal  cord,  it  is  evident  that  all  of  them 
may  be  affected  by  diseases  that  affect  the  integrity  of  these  neuroaa. 
Hence  among  the  symptoms  of  diseases  of  the  peripheral  nerroua 
system  some  alteration  in  sensation  is  ver}'  common. 

The  commonest  of  these  varieties  is  abolition  of  the  tactile  «ew»c, 
or  tactile  anesthesia.     It  is  commonly  seen  in  all  kinds  of  lesions  of 
oen'as,  as,  for    instance,  inflammation,  pressure,  and    the  varioos 
traumata.     The  patient  himseK  does  not  always  necessarily  know 
that  he  has  tactile  anesthesia ;  or,  on  the  other  hand,  some  subjective 
sense  of  numbness  may  accompany  it.      This  symptom  is  readily 
overlooked  by  a  careless  oljs©r\*er ;  it  should  be  sought  for,  and  the 
skin  minutely  tested,  in  all  cases  of  disorder  of  the  peripheral  ner- 
vous system.     Alxilition  of  sensation  is  not  always  coexistent  or  coex- 
tensive with  abolition  of  motion.     As  a  matter  of  rather  commoii 
observation,  motion  may  be  much  more  profoundly  affected  than  seii- 
sation  in  lesion  of  a  common  nerve  trunk.     Thus  there  may  be  com- 
X>lete  paralysis  of  motion,  and  yet  sensation  may  be  in  part  preserved. 
Again,  in  cases  of  nerve  injury,  in  which  both  motion  and  sensation 
are  abolished  and  iu  which  recovery  occurs,  sensation  may  be  re- 
stored for  c^nit^  a  period  before  motion.      The  explanation  of  these 
differences  iu  the  action  of  the  two  sets  of  neurons  is  not  very  appar- 
ent; probably  the  sensory  impulse  is  more  minute  and  delicate  thaD 
the  motor  impulse,  and  makes  its  way  more  readily  through  the  cyto- 
plasm of  the  cell ;  or  less  of  an  imimlse  may  be  required  to  excite 
sensation  in  the  cells  of  the  brain  cortex  than  to  cause  a  muscle  to 
respond,     K  this  is  the  explanation,  the  difference  depends  not  so 
much  on  a  difference  in  the  two  sets  of  neurons  as  on  a  difference  in 
the  excitability  of  their  receptive  organs. 

To  test  the  tactile  sense  the  patient  should  be  blindfolded.  Any 
pointed  instrument  may  lie  used,  as  a  pin,  a  pen,  a  penknife,  or  a 
hairpin.  The  best,  however,  is  tlie  lethesiometer.  This  consists  of 
a  hinged  two']>ointed  instrument,  somewhat  ret^embling  a  draughts- 
man's compass,  with  a  scale  for  measuring  the  distance  of  the 
points  from  each  other.  A  good  plan^  which  I  usually  adopts  is 
to  have  the  patient  count  aloud  the  number  of  times  he  is  touched 
until  the  number  four  is  reached;  then  to  begin  again,  and  count 
again  as  far  as  four,  and  so  on.  The  advantages  of  this  plan  are 
numerous.  It  permits  the  observer  to  detect  readily,  for  instance, 
an  inattentive  jiatienty  and,  better  yet,  a  malingerer.  The  fom 
will  count  by  rote,  even  when  he  is  not  touched,  and  his  fault  i 
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thus  be  corrected;  the  latter  will  involuntarily  and  almost  inevitably 
count  when  the  alleged  ansBsthetic  spot  is  touched,  e8i)ecially  if  the 
jffocess  of  counting  has  been  going  on  for  some  time.     On  the  other 
hand,  the  patient  with  a  genuine  ansesthetic  area  will  inevitably  drop 
a  count  when  this  area  is  touched  in  the  midst  of  the  count.    By 
this  method  also  the  exact  limits  of  the  anaesthesia  can  be  mapped 
oat     In  addition  to  this  test,  it  is  desirable  to  know  how  well  the 
patient  can  appreciate  the  distance  between  the  points,  and  the  re- 
sults can  be  compared  with  the  table  for  normal  results  (page  31). 
The  patient's  ability  to  recognize  location  should  also  be  noted.     The 
sense  of  contact  is,  of  course,  only  a  degree  of  tactile  sense  and  does 
not  require  special  tests.     The  sense  of  preamre  is  in  part  closely 
allied  to  the  muscular  sense.    It  may  be  tested  with  weights  of 
different  sizes,  laid  upon  the  anaesthetic  spot;  but  these  tests  are 
of  dubious  value,  because  this  faculty  varies  so  much  in  individ- 
uals within  normal  limits.    The  same  may  be  said  of  Bumpf 's  test 
by  writing.     By  this  test  the  letters  are  traced  upon  the  skin  with  a 
hard-pointed  instrument,  and  the  patient  is  requested  to  Dame  them. 
Bumpf's  table  for  these  responses  (given  by  Dana)  is  probably  sub- 
ject to  wide  variations.    The  test  is  practically  of  little  or  no  value. 
Of  greater  importance  is  to  note  whether  the  tactile  sense,  if  not 
abolished,  is  in  any  degree  delayed.     In  clinical  work,  in  which  great 
precision  in  determining  this  point  is  often  not   practicable,  the 
observer  must  be  content  with  an  approximate  result.     It  is  not  diffi- 
cult, for  instance,  to  determine  whether  the  response  is  long  delayed, 
although  this  cannot  be  measured  te  the  fraction  of  a  second.     Dana 
gives  the  following  table  of  the  normal  reaction  time : 

A  touch  on  the  hand,  about 0. 12  second. 

A  touch  on  the  foot,  about 0. 17       ** 

Hearing 0.13 

Sight 0.16 

Taste 0. 1 5       « 

The  delay,  which  may  amount  to  several  seconds  in  cases  of  cerebral 
lesion,  is  not  likely  to  be  considerable  in  cases  of  peripheral  lesion. 
The  temperature  sense,  like  the  tactile  sense,  is  abolished  by  any 
lesion  that  totaUy  destroys  the  continuity  of  the  axis  cylinder  or  so 
interferes  with  it  as  to  impair  ite  conducting  power.     Hence  it  hap- 
pens that  in  cases  of  complete  tactile  ansBsthesia  from  a  x)eripheral 
ksion  there  is  always   found  also  ansBsthesia  to   heat  and  cold. 
Abolition  of  temperature  sense,  without  any  tactile  ansBsthesia,  is  not 
often  observed  in  peripheral  lesions.     This  dissociation  is  absolutely 
denied  by  some  authors,  especially  for  neuritis.      Thus    Bruhl** 
dftims  that  the  peculiar  dissociation  symptom  (i.e.,  preservation  of 
Vol.  XL— 5 
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tactile  sense  with  abolition  of  the  temperature  sense  and  pain  sense), 
Been  in  syringomyelia,  is  never  seen  in  neuritis.  I  have  put  on 
recordj  however,  two  cases  of  injury  to  the  cervif-al  region  of  the  spi- 
nal cord  in  which  the  nerve  roots  were  probably  injured  and  involved 
in  adventitious  material,  and  in  which  this  dissociation  symptom  was 
a  marked  feature/*  These  cases  seemed  to  iirove  that  spinal  pachy- 
meningitis and  neuritis  may  cause  loss  of  temperature  sense  without 
anjBsthesia ;  still,  they  cannot  be  said  to  prove  this  point  incontestii- 
bly,  because  it  was  not  known  to  what  extent  the  ceutral  gray  matter 
of  the  cord  was  injured;  if  it  was  injured,  this  injury  would  probably 
account  for  the  aniesthesia  to  temperature  and  to  pain.  In  anaesthetic 
leprosy,  in  which  the  lesion  is  a  neuritis,  this  dissociation  of  tactile 
and  temperature  sense  has  been  noted.  In  fact,  the  resemblance  of 
this  form  of  leprosy  to  syringomyelia  is  marked-  Charcot"  hsA 
described  a  case  of  injury  to  a  dorsal  nerve  in  which  this  dissocia- 
tion was  seen,  and  says  that  others  have  seen  it  in  peripheral  neuritis. 
If,  therefore,  neuritis  can  in  some  instances  cause  impairment  of 
temperature  sense  without  tactile  ansesthesia,  this  state  would  proba- 
bly indicate  that  the  peripheral  sensory  neurons  are  not  differentiated 
for  these  varieties  of  sensation.  From  the  clinical  standpoint,  how- 
ever, it  must  l>e  said  that,  as  a  rule,  the  dissociation  of  the  two  is  not 
commonly  seen  in  cases  of  peripheral  lesions,  but  is  highly  character- 
istic of  lesions  of  the  central  gray  matter  of  the  spinal  cord,  as  in  sy- 
ringomyelia. It  is  significant  that  the  temperature  sense  and  pain 
sense  are  usually  aflfected  together* 

To  test  the  temperature  sense,  two  small  bottles  or  test  tubes  of 
exactly  the  same  size  are  used.  One  is  filled  with  hot,  the  other 
with  iced  water,  or,  better  yet,  with  small  bits  of  cracked  ice.  Ex- 
tremes of  heat  and  cold  had  best  be  used.  The  bottles  or  tubes 
should  be  tightly  stoppered,  to  prevent  leakage  upon  the  patient's 
skin.  The  patient  should  be  blindfolded,  and  then  touched  at  hap- 
hazard  on  the  areas  to  be  examined.  Alternation  should  be  made 
without  system.  As  a  rule,  patients  will  more  frequently  call  cold 
hot  than  vice  versa,  especially  if  the  object  is  very  cold,  as  a  bit  of 
ice.  Variations  of  temi)eratnre  within  a  few  degrees  are  recognisable 
by  patients  in  health.  Below  60"  F,  the  sensation  of  cold  is  im- 
parted, and  above  100^  F*  the  sensation  of  warmth,  gradually  increas- 
ing from  that  point  to  a  sensation  of  heat. 

The  pain  sense  is  alx>lished  (analgesia)  in  complete  tactile  anss^ 
theaia,  as  a  rule.     In  other  words,  a  peripheral  lesion  so  complete  J 
totally  to  obstruct  the  passage  of  the  tactile  impulses  will  not  per 
the  ]>as8age  of  painful  impressions.     There  are^   of  course,  m 
degrees  of  tactile  ansesthesia  which  are  compatible  with  the  pa 
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of  painftil  impulses;  in  these  eases  tbe  neuroB  is  evidently  not  com- 
pletelj  cut  off  from  its  terminal  arborizations^  and,  while  nnable  to 
reepoDd  to  an  ordinary  tactile  stimulant,  can  react  to  a  stronger  pain- 
ftil one.  This  condition  must  not  be  confused  with  "  aniesthesia  do- 
lorosa,** in  which  the  pain  arises  from  an  irritative  but  obstructive 
lesion  in  the  coui-se  of  the  ner%^e  trunk,  the  pain  being  referred  by 
the  mind  to  the  fieri pherj.  Something  like  this  is  seen  in  multiple 
oenritis,  in  which  disease  the  nerve  trunks  are  tender  and  sore,  and 
yd  do  not  always  conduct  tactile  impulses  from  the  periphery  to  the 
nen^e  centres.  The  pain  sense,  as  already  pointed  out,  is  in  some 
way  apparently  associated  with  the  temi>erature  sense ;  the  two  are 
twnAlly  abolished  to^^ether.  This  is  seen  in  lesions  of  the  central 
gray  matter  of  the  spinal  cord,  as  syringomyelia,  the  tactile  sense  not 
being  affected ;  but  in  peripheral  nerve  affections  this  dissociation  is 
wry  rare.  Charcot, "  as  already  said,  saw  this  dissociation  in  a  case 
of  injury  to  a  dorsal  nerve,  and  others  have  reported  it  in  the  neuritis 
of  azuBsthetic  leprosy,  Gowers"  claims  that  he  has  twice,  in  multi- 
ple neuritis,  seen  the  pain  sense  lost,  the  tactile  sense  being  pre- 
served. As  a  rule,  however,  in  the  clinic  this  dissociation  is  not  seen 
incftaes  of  disease  of  the  peripheral  nervous  system.  The  commoner 
diBSOciation  is  that  first  described,  in  which  with  a  mild  form  of 
tactile  amesthesia  there  is  some  preservation  of  the  pain  sense. 

To  test  the  sensibility  to  pain  the  skin  may  be  pinched.  A  con- 
cealed needle,  controlled  by  a  spring,  is  sometimes  used.  An  insb'u- 
ment,  eontaiuing  such  a  needle,  has  been  designed  and  called  the 
(tvjmile  cacMe.  It  has  tlie  advantage  of  not  exciting  the  patient's 
suspicion  or  apprehension ;  heuce  the  exact  degree  of  pain  sense  can 
be  determined,  and  malingering  can  be  exposed.  With  the  patient 
bliotifokled,  however,  an  ordinary  needle  can  be  used,  and  is  quite  as 
good  iis  the  instrument.  The  best  test  for  the  pain  sens©  is  the  fara- 
dic  current.  The  strength  can  be  altered  at  will  without  the  patient's 
bowledge,  and  his  exact  sensitiveness  to  painful  currents  can  thus 
be  noted. 

The  opposite  to  analgesia  is  hyperalgesia.  In  this  condition  ordi- 
nary non-painfiJ  impressions  may  become  painful.  It  is  evidently 
tirased  by  an  irritative  lesion.  It  is  practically  the  same  thing  as 
that  condition  in  a  nerv^e  which  is  called />am.  Hyperalgesia  may  be 
described  as  a  state  of  increased  susceptibility  to  pain,  whereas  pain 
itself  is  a  modification,  siti  genens,  of  the  neuron,  caused  api>arently 
by  over-stimulation  or  irritation.*     In  the  hyperalgesic  neuron  it  is 

*iji  exact  definiiioQ  of  paio  is  Imposflible.     The  subject  shades  off  rapidly  into 
*"♦"•  osyrhologfcal  and  even  metaptiysical  definitions,  tie  am  reftdiiy  be  seen  by 
^  Mr.  Mar&hairs  book  ulready  referred  to.'    Tbcre  is  a  school  of  psycbolo- 
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eafiier  to  excite  pain  ihaii  Id  a  normal  neuron,  because  it  is  already  in 
a  state  of  irritation ;  when  this  imtation  is  slightly  intensified,  pain 
is  the  result.  That  irritation  is  the  cause  of  pain  is  evident  in  some 
cases  from  the  fact  that  the  nerve  trunks  are  painful  on  pressure, 
This  is  so  iu  neuritis.  In  such  cawes  the  irritation  acts  on  the  aiis 
cylinders  of  the  iieurons  in  the  nerve  trunks.  Painful  sensations,  as 
burning,  are  in  these  cases  often  felt  in  the  periphery,  as  in  the  sole« 
of  the  feet,  but  on  pressure  the  ner^-e  trunk  itself  is  also  sore,  Tlie 
clinical  appearance  and  significance  of  pain  will  be  desicribed  else* 
where.  It  may  vary  in  character,  being  boring,  tearing,  burning,  or 
aching,  according  to  cireiimatanceB. 

The  mnacukir  nenm,  by  which  the  mind  is  made  familiar  with  the 
state  of  ccmtracture,  the  efforts,  and  the  position  of  the  mnsclea,  may 
be  affected  by  disease.     As  the  pathway  for  this  sense  from  the  mua- 
clea  to  the  nerve  centres  is  generally  believed  to  be  by  the  sensory 
neuron,s»  it  follows  that  affections  of  these  neurons  should  affect  the 
muscular  sense.     This  is  the  case  in  several  diseases.     In  locomotor 
ataxia,  in  which  affection  these  peripheral  sensory  neurons  are  exten- 
sively diseased,  the  muscular  sense  is  often  much  impaired.     In  the 
ataxic  form  of  multi|jle  neuritis,  in  which  disease  also  these  sensor? 
neurons,  esj^ecially  their  periplieral  endings,  are  gravely  impaired, 
the  muscular  sense  is  often  al>olislied.     Doubtless  a  comi>lete  obstmo 
tive  lesion  of  any  single  nerve  causes  some  impairment  of  the  muscu- 
lar sense  in  the  muscles  to  which  the  uerve  is  distributed,  but  m 
lesions  of  groups  of  nerves,  affecting  especially  the  legs,  the  disturb- 
ance is  more  conspicuous.     That  the  muscles  have  sensory  nerves  ifl 
well  known;  the  pain  caused  by  cramp  in  the  muscles  is  sufficient 
evidence  tliat  the  muscle's  stsite  of  contraction  is  instantly  announced 
to  the  consciousness.     That  the  muscular  sense  is  dei>endent  upon 
these  sensory  nerves  in  the  muscles  themselves,  and  not  upon  the 
sensory  nerves  in  the  skin,  is  apparent  from  a  number  of  observed 
facts.     Thus  there  may  be  ansosthesia  of  the  skin  without  loes  of  the 
muscular  sense.     According  to  Landois,  a  frog  deprived  of  its  skin 
can  jump  iu  a  normal  way.     The  muscular  sense  is  also  no  doubt 
supplemented  by  the  sensibility  of  the  joints,  fasciae,  etc.     Again» 
there  may  be  loss  of  sei^e  of  the  posture  of  the  limb  while  the  outft- 
neons  sensibility  is  normal. 

The  sensory  nerves  in  the  muscles  are  no  doubt  sensitive  to  many 

gists*  since  Kant's  time,  who  deuy  thai  plfasurt'  ami  pain  are  sensationi.     Su 
debate  ia  largely  a  question  of  terms  ami  rleHni  lions.     There  are,  of  course, 
chical  pleasure  and  pain  independent  of  hodfly  states;  but  this  does  not  conat: 
a  reason  for  denying  that  there  are  also  physical  pleasure  and  pain,  dependonl 
tirely  upon  bodily  states. 
1  
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Borti  of  impreBsions,  jiist  as  are  sensorv  nerves  elsewhere.  Thus  iliey 
cui  convey  painful  impressioDS,  as  of  cramps,  already  referred  to, 

juid  of  inflammatioii.  But  this  senaibility  is  not  incltided  in  the  term 
mtjsctilar  sense,  which  simply  refers  to  the  contraction,  eflfort,  and 
location  of  the  muscle.     It  follows,  therefore,  that  a  sense  of  resist- 

f,  aa  well  as  of  eflfort,  is  an  important  element  of  this  sense*  As 
all  muscular  effort  is  directed  against  some  resistance  (if  this  is  noth- 
ing more  than  gravitation),  it  follows  that  in  the  normal  state  the 
miud  estimates  with  some  degree  of  precision  the  force  of  the  resist- 
ance and  the  consequent  force  necessary  to  overcome  it.  Hence  both 
the  sense  of  pressure  and  the  sense  of  weight  (the  latter  especially) 
are  important  elements  in  the  muscular  sense.  So  also  the  sense  of 
moTement  and  position  are  a  part  of  this  sense.  The  sense  of  fatigue 
is  no  doubt  due  t-o  an  impression  made  upon  the  sensory  nerves  in 
(tie  muscles. 

To  test  the  muscular  sense  weights  are  generally  nsed.  They  are 
snspendetl  from  the  foot  or  hand,  or  placed  upon  any  part  of  the 
body  to  be  tested,  and  the  patient  then  estimates  their  comparative 
weight.  To  do  this,  especially  if  the  weights  are  suspended,  recjuires 
ifine  muscular  atljustment  and  expenditure  of  force,  which  it  is  the 
foBction  of  the  muscular  sense  to  estimate.  These  weights  should  be 
of  uniform  size  and  feeling  so  that  the  patient  cannot  distinguinh 
btween  them.  They  may  be  hollow  objects,  as  lialls  or  cylinders, 
which  can  be  variously  weighted  with  shot  or  sand. 

Besides  the  abolition  of  the  various  modes  of  sensation  there  may 
occur  various  modifications  of  sensation  as  residts  of  diseaise.     Oup 
of  tlie  most  imfiortant  of  these  is  pain,  which  has  already  been  dis- 
cussed.    Another  is  ^Kiiyrsthesia.     This  is  a  state  of  changed  or  per- 
^rt#d  sensibility,  and  is  marked  by  a  variety  of  modifications  of 
normal  sensation.     Among  these  varieties  are  burning,  stinging,  and 
itching;  also  the  sensation  of  ant%  creeping  on  the  skin  (formica- 
tion).    Some  of  these  approach  closely  tf)  jiain  in  character.     There 
18 10  objective  method  of  testing  for  them ;    as  they  are  entirely 
Bttbjective,   the  evidence  of  them  rests  entirely  upon  the  veracity 
lod  accuracy  of  the  patient     These  parseathetic  phenomena  depend 
prohably  upon  mild  forms  of  irritation  of  the  periidieral  sensory 
a  somewhere  in  their  course.     Hence  they  are  saen  in  caaes 
s;   also  in  cases  in  which  the  neurons  are  irritated  by  f<*r- 
^c  substances  in  the  blood.     An  instance  of  the  latter  is 
^^n  in  some  cases  of  mild  poisoning  by    morphine,  in 
is  a  disagreeable  symptom.     In  gout,  or  the  lithcemic 
ar  symptoms  are  occasionally  obser\^ed, 
senses— sight,  hearing,  taste^  and  smell— are  also 
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subject  to  varioua  changes  by  disease,  Thej  niay  V>e  abolished  or 
variously  modified.  These  affeetious  will  be  described  under  ihm 
diseases  of  their  special  ner\e8. 


Disorders  of  Nutritioa. 

These  are  amoog  the  most  eommon  eflfeets  of  peripheral  difl< 
They  are  seen  in  the  museles,  the  skiii^  the  subcutaneous  c<:>unectiv© 
tissues,  tlie  vascular  system,  the  joints,  and,  to  a  much  less  extent,  ill 
the  bones.     The  theories  wliich  have  l>een  advanced  to  account  for 
these  trophic  disorders  are,  none  of  them,  entirely  satisfiictory.     An 
said  alremly  when  describini^;  the  neuron  (page  4),  the  axis  cylinder, 
or  any  other  part  of  the  nerve  cell,  will  waste  and  perish  when  cut  off 
from  its  trophic  centre—  the  nucleus.     Tliis  is  nr>t  difficult  to  under* 
standi  seeing  that  the  neuron  is  an  anatomical  unit  and  that  its  jiaria 
de^iend  for  nf^urishmout  upon  the  nucleus.     But  this  nde  does  ta^H 
hold  gocKl,  of  coui*s<\  with  other  tissues,  such  as  skin  and  miws^^l 
Theee  tissues,  while  in  direct  annt^imical  relation  with  the  neurons, 
are  not  in  direct  nutritiourd  re  hit  ion  witli  them,  since  they  derive 
their  nourishment  from  tlieir  own  indepemlent  vascular  supjdy.     In 
the  case  of  the  muscles,  for  inntance,  this  vascular  supply  is  copiooa, 
and  so  far  as  can  l>e  seen  from  a  study  of  the  terminal  arboriza- 
tinu»  of  the  m(»tor  neurons  in  the  muscles,  is  not  directly  intluenced 
by  tliese ;  yet  the  muscles  are  among  the  iirst  of  the  various  struc- 
turas  to  degenerate  after  severe  lesions  of  the  oerves*     One  tlieory ,  suii- 
}>orted  by  Hamuel,  attemjits  to  e^cphLin  these  changes  by  assuming 
the  existence  of  trophic  nen^es.     How  these  nerves  perfiirm  their 
function  is  not  explained;   their  existence,  moreover,  is  nrit  demon- 
strable.    Duchenne  said:  "If  we  had  no  knowledge  t*f  such  (t.**.,  trt>- 
phic)  ner%'es^  we  should  be  forceil  to  invent  tliom**^a  feat,  by  the  way, 
which  some  i>hjsioIogists  have  been  nothing  loth  to  attempt.     Weir 
Mitchell,  in  his  classical  studies  of  injuries  of  nerves,  made  careful 
examination  of  tliis  subject,  and  decided  against  the  theory  of  '•tro- 
phic'* nerves,  anil  he  regarded  with  favor  the  |iossibility  of 
of  nutrition  l>eiog  producetl  by  irritfition  of  ordinary  sensory 
motor  nerves,     Aufitlier  theory  relies  upon  the  office  of  the 
motor  system ;   but  this  too  is  not  clear.     It  seems  that  all  we  kni 
is  the  clinical  fiy*t  that  lesions  of  the  nerves  cause  nutritive  chani 
and  that  these  are  readily  recognizable.     These  lesions  may  he  eitfa^ 
irritative    or    destructive.      According    to    Lewasi^hew,    quoted  bj 
Gowers,"  if  a  cord  is  jvassed  through  each  sciatic  ner\*e  and  one 
nerve  is  furtlier  stimulated   with  irritating  fluids,  trn]>hic  lesioiis 
occur  more  readily  in  the  limb  of  the  nerve  thus  irritated  than  in  the 
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otter.  Destmctive  lesions,  as  seeiiaD  or  mfiammation  o.  a  nerve, 
are  also  foUowed  by  characteristic  ctaiiges  in  nutrition.  A  rational 
expkoation  of  these  clianges,  so  far  as  the  muscles  are  concerned  at 
bist,  is  that  when  this  tissue  no  longer  acts  it  no  longer  assimilates 
pkema.  We  have  se^n  that  something  like  this  occurs  also  in  the 
neoion.  In  other  worck,  the  normal  activity  of  a  vital  tissue  is  the 
odj  cause  that  both  requires  and  permits  it  to  use  up  pabtUum. 
Fuiction  and  nutrition  are  in  the  relation  of  cause  and  effect*  Func- 
tioi,  by  consuming  plasma,  stimulates  nutrition ;  without  it  there  is 
uo  itemand  for  new  plasma,  hence  nutrition  grows  weaker  and  weaker. 

Weir  Mitchell's  general  conclusions  on  the  subject  of  trophic  le- 
sions following  nerve  injuries  are  as  follows:** 

Total  section  of  the  main  nerve  trunks  of  a  limb  results  in  atrophy 
(of  all  tissues?)  but  not  necessarily  in  inflammation.  But  it  does  not 
prevent  inflammation^  nor,  on  the  other  hand,  repair. 

Partial  wounds,  ©specially  gunshot  lesions,  give  rise  to  trophic 
ckoges  in  tlie  skin,  hair,  nails,  areolar  tissue,  and  muscles.  Except 
tie  entire  aiTest  of  the  growth  of  the  nail,  every  trophic  change  that 
c^  urise  from  injury  or  disease  of  the  centres  can  also  arise  from 
wounds  of  the  nei-ves* 

Section  of  motor  nerves  causes  atrophy  and  contraction  of  the  re- 
lated muscles.  Partial  wounds  of  these  nerves  cause  various  degrees 
f)(  wasting  and  loss  of  muscular  sense,  and  loss  of  power  to  respond 
to  electrical  and  mechanical  irritants* 

Kitchell  claims  also  that  trophic  changes  in  the  skin,  hair,  and 
naib  are  never  present  without  some  affection  of  sensation ;  but  that 
affections  of  sensation  may  exist  without  trophic  changes. 

Finally,  trophic  changes  are  most  prone  to  follow  wounds  of 
nene-s  which  are  distributed  to  the  hands  and  feet,  and  occur  more 
rarely  when  the  injury  involves  only  the  branches  to  the  upper  por- 
tions of  a  limb< 

Mitchell's  statement  that  every  trophic  change  that  can  arise  from 
ceitial  tUseaae  may  also  arise  from  injury  of  the  ner\^eSj  is  a  most 
important  one.  It  may  be  considered,  perhaps,  rather  too  absolute, 
and  yet  increasing  knowledge  of  the  nervous  system  (especiaUy  it« 
aystems  of  neurons,  their  relations  to  each  other,  and  to  the  ijeriph- 
"^^       ans)  renders  it  more  and  more  probable  that  this  opinion, 

t?d  thirty  years  ago,  will  yet  be  found  to  be  the  correct  one. 
•ertain  that  all  trophic  influence  from  the  nerve  centres  must 
unjeated  by  way  of  the  peripheral  neurons,  and  that  this  in- 
mnot  be  bad  if  these  neurons  are  themselves  perfectly 
is  is  shown,  for  instance,  in  the  case  of  the  trophic  le- 
comotoF  ataxia,  which  is  usually  considered  a  central  dis- 
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ease;  jet  it  is  noi  a  central  disease  exclusively,  or  perhape  ©Ten 
primarily  and  ettsentiallj,  because  it  is  a  diseiuse  of  the  peripheral 
sensory  neurons ;  hence  its  trophic  lesions  are  not  in  reality  of  cen- 
tral but  rather  of  peripheral  origin.  It  will  be  neoessary,  however^ 
in  discussing  trophic  lesions  here,  to  endeavor  to  make  a  distinction 
betwreen  those  that  appear  clinically  to  be  of  central  origin  and  those 
that  are  caused  especially  by  affections  of  the  nerves.  These  latter 
alone  belong  to  the  present  subject* 

Trophic  Lesions  of  the  Muscles^ 

The  muscles  begin  to  exhibit  trophic  changes  soon  after  they  are 
cut  off  from  the  cell  lx>dy  of  the  motc^r  neurons  in  the  anterior  homii 
of  the  spinal  cord.  Evidence  of  these  changes  may  be  observed  in  a 
few  days,  e8p>ecially  in  the  electrotonus.  Any  lesion  whatever  thai 
acts  as  a  destructive  (ir  oltstnictiv©  one  to  cut  off  the  nerve  inflaenoe 
will  cause  trophic  disturbance  in  the  muscles.  Hence  all  kinds  ol 
Wfiuiids  and  contusions,  as  well  as  pressure  and  infiamniation^  jict 
thus.  Brown-Sef|uard  attempted  t<:>  draw  a  distinction  l^etween  tlio 
trophic  effects  of  deshmctive  and  thr^se  of  irritative  leBions  of  ner?e«. 
Only  the  latter,  according  to  this  obHerver,  were  followed  by  truly 
degenerative  changes  in  muscles.  This  theory  has  now  only  historic 
value,  and  serves  to  illustrate  the  execHses  of  pure  physiological 
speculation  (Arnozan").  The  exact  changes  in  the  muscles  are  uot 
merely  such  as  would  be  caused  by  tiisuse,  but  indicate  a  rapid  de- 
structive process.  Vulpian  and  others  have  obsen^ed  that  the  mus- 
cular fibre  breaks  down  in  granules;  fatty  metamorphosiB  oocnrs  10' 
these,  and  they  are  gradually  absorbed-  The  connective  tissue  pro- 
liferates, and  finally  the  muscular  tissue  is  entirely  replaced  by  m 
mass  of  fibrous  connective  tissue  which  contracts  and  x>resent8  no 
elasticity  whatever.  These  changes  of  course  are  soon  apparent  to 
the  eye  in  the  altered  contour  and  flabby  ap])earance  of  the  muscle; 
as  they  progress,  the  body  of  the  muscle  diminishes  in  size;  it  no 
longer  feels  or  looks  like  muscular  tissue,  and  finally  is  ptainly 
converted  into  a  non-muscular  substance. 

The  most  characteristic  changes  shown  in  degenerating  muscle  are 
the  alterations  in  the  normal  elootrotonus.  Tlie  normal  responfle  of 
nerve  and  muscle  to  electricity  has  already  been  iliscussed  (see  page  21) 
and  will  not  l)e  described  again.  In  order  to  study  the  electrical 
reactions  in  the  clinic  a  definite  but  simple  technique  is  essentiaL 
First,  the  poles  or  electrodes  should  lie  widely  separated  so  that 
they  do  not  interfere  with  each  other*  The  electrode  which  is  to  he 
used  to  excite  the  muscle  is  calle<l  the  ftrtive  electrode;  it  is  hel«l  pref* 
erablj  in  a  handle  which  contains  an  interrupter  so  that  the  current 
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can  be  tomed  on  or  cut  off  instantly  at  the  operator's  will.     The  other 
dectrode  must  be  kept  entirely  away  from  the  field  of  oheervation^ 
and  hence  is  called  the  indifferent  electrode.     It  should  consist  prefer- 
ably of  a  large  flat  sponge,  fastened  upon  a  metal  plate  about  six 
inches  square;  it  can  be  held  firmly  by  an  attendant  upon  the  pa- 
tient's sternum.     Both  electrodes  should  be  of  metal  covered  with 
sponge  or  absorbent  cotton,  and  this  latter  substance  as  well  as  the 
skin  shovld  be  thoroughly  wet.     When  using  faradism  it  is  of  course 
not  necessary  to  observe  the  polarity,  but  when  using  galvanism  the 
poles  should  be  changeable  by  an  alternator  on  the  keyboard;  thus 
the  observer  has  complete  control  of  the  current  and  the  poles  all  in 
one  electrode.     To  increase  current  strength,  most  keyboards  now 
have  appropriate  devices;   care  must  be  used,  however,  not  to  give 
painful  shocks.     A  water  rheostat  can  be  used  to  obviate  such  shocks 
▼hen  increasing  the  strength  while  using  strong  currents. 

The  first  change  noted  in  degenerating  muscles  is  a  gradual  but 
lapid  decline  in  faradic  irritability.  This  begins  usually  in  a  day  or 
hro,  and  in  marked  cases  the  extinction  may  be  complete  in  a  week, 
or  even  less.  Bowlby,'*  from  accurate  study  of  a  case  of  nerve  section 
in  man,  found  that  the  faradic  excitability  of  the  nerve  trunk  dis- 
tppeared  entirely  by  the  third  or  fourth  day ;  whereas  Erb  states 
that  it  gradually  disappears  in  the  third  week  in  animals.  Such 
complete  extinction  denotes  that  the  nerve  influence  is  cut  off  abso- 
lutely. The  reason  for  this,  as  explained  elsewhere,  is  that  the  mus- 
cle normally  has  no  faradic  irritability  of  its  own,  and  only  responds 
to  this  current  by  virtue  of  the  faradic  irritability  of  the  nerves  ^dthin 
its  tissue.  Consequently  when,  in  case  of  a  nerve  lesion,  faradic 
irritability  is  abolished  in  the  muscle,  the  conclusion  is  safe  that 
the  nervous  influence  is  entirely  cut  off.  This  abolition  of  the  farad- 
ic irritability  is  one  of  the  early  symptoms  of  neuritis  and  of  pres- 
sure; it  is  seen  especially  well  in  Bell's  palsy  of  the  facial  nerve,  and 
in  pressure  palsy  of  the  radial.  In  order  to  observe  it  accurately, 
the  reaction  of  the  muscle  should  be  compared  with  that  of  its  fellow 
on  the  opposite  side ;  if  both  are  paralyzed,  the  comparison  should 
be  made  with  some  other  unaffected  muscle.  Of  course  in  cases  in 
which  the  abolition  is  complete  comparisons  are  not  necessary. 
Either  a  slow  or  a  rapid  interrupter  may  be  used ;  in  small  muscles 
a  rapid  one  is  rather  the  better,  and  in  weakened  muscles,  in  which 
the  reaction  is  as  yet  only  partly  abolished,  it  is  by  far  the  better. 

The  reaction  of  the  degenerating  muscle  to  galvanism  is  much 
more  complex  than  to  faradism.  Taking  as  a  type  a  case  in  which 
the  nerve  influence  is  rapidly  and  completely  cut  off,  as  by  sec- 
tion, the  phenomena  are  as  follows:  The  irritability  of  the  muscle 
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is  at  first  Blightly  decreased,  tlien  increased — Le,^  the  muBcle  wiHi 
spond  to  a  weaker  current  than  nortQallj,     This  imtability 
ishes  agaio,  and  in  a  few  weeks  falls  below  the  normal  until  in  1 
it  entirely  disappears,  just  as  did  the  faradic,  but  in  much  long 
time.     These  changes  are  called  quantikiime  changes.     As  the  ir 
tability  decreases,  the  reaction  of  the  muscle  to  the  two  poles  cha 
As  already  explained  (page  26)  the  normal  formula  is : 

CCC  >  AGO  =  AOC  >  COC. 
This  formula  means  that  the  cathode  at  the  closure  of  the  current : 
the  most  stimulating ;  nest,  the  anode  at  the  closure  of  the  curren 
next,  the  anode  at  the  oijening  of  the  current;  and  finally  the  catbo 
at  the  opening  of  the  current.  This  normal  formula  is  subject  to  on 
one  variation  in  health,  viz.,  the  AOO  is  sometimes  greater  than 
ACC,  especially  if  the  electrode  be  applied  directly  to  the  motof" 
nerve.  In  the  great  .majority  of  cases,  however,  the  normal  formttla 
ia  as  given.  The  degenerating  muscle  presents  certain  changes  iD  this 
formula.  First,  the  cathodal  closure  contraction  (CCC)  diminishes  in 
force  and  as  it  does  so  the  anodal  closure  contraction  (ACC)  in- 
creases or  at  least  does  not  diminish  proportionately,  so  that  the  two 
may  equal  each  other  or  the  anodal  closure  contraction  may  1^  even 
stronger  than  tlie  cathodal.  The  formula  is  then  written  as  follows 
for  what  may  be  called  the  first  stage  of  degeneration: 

CCC  =  ACC  >  AOC  >  COC. 
For  a  more  advanced  stfLge,  when  the  anodal  closure  has  become  the 
moat  stimulating,  the  formula  is  tm  follows: 

ACC  >  CCC  >  AOC  >  COC. 
Finally^  accortling  to  some  observers,  the  cathodal  opening  con- 
traction (COC),  which  is  practically  never  seen  in  health  except  with 
exceedingly  sti*ong  currents,  may  appear  unusually  active  in  the  de- 
generating muscle,  and  may  even  surpass  the  anodal  opening  contrao- 
tion  (AOC),  so  that  the  formula  for  a  still  more  advanced  stage  ie  as 
follows : 

ACC  >  CCC  >  COC  >  AOC. 

With  reference  to  this  last  formula  I  can  only  say  that  in  a  large 
numter  of  obsers^ations,  extemling  over  years,  I  have  rarely  seen  it 
In  fact  I  have  but  seldom  seen  the  cathodal  opening  contraction 
(COC)  as  a  result  of  disease. 

As  the  muscle  continiies  to  degenerate,  this  reversed  formula  do* 
not  change  again,  but  tlie  weaker  reactions  gradually  disappear,  t 
ACC  being  the  last  faint  response  of  the  eipiring  muscle* 

These  serial  clianges  are  called  the  qualitative  changes.     The 
have  been  investigated  especially  by  Erb '"  and  called  by  him  the  r€(u> 
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Hmu  of  degenercUion  (BD).     They  are  subject  to  some  modifications, 
which  are  called  partial  BD  and  which  should  be  carefully  considered. 
A  third  change  noted  in  degenerating  muscle  is  the  modal  change. 
This  is  highly  characteristic,  and  as  it  may  be  the  only  notable  change 
in  some  cases  it  has  great  importance.    It  consists  in  an  alteration  in 
the  manner  or  mode  of  the  response  of  the  muscle  to  the  galvanic 
current.     In  normal  muscle  still  innervated  by  normal  neurons  the 
response  is  quick  and  complete  and  subsides  at  once.     The  more 
quickly  the  current  is  interrupted  or  alternated,  however,  the  more 
ictive  the  response  of  the  muscle  becomes.     In  degenerating  muscle 
cot  off  from  its  neurons  all  this  is  changed.     The  muscle  no  longer 
responds  promptly  and  in  its  full  length  to  the  current;  sometimes  in 
bud  only  that  portion  of  it  lying  immediately  under  the  electrode  re- 
sponds, and  then  in  a  sluggish  way  that  is  in  striking  contrast  with 
the  normal  activity.     Moreover,  the  degenerating  muscle  does  not  re- 
spond readily  to  rapidly  and  oft-repeated  breaks  in  the  current;  on 
the  contrary,  it  rather  requires  a  prolonged  application  of  the  elec- 
trode so  that  the  current  may  run  for  some  appreciable  time — in  other 
words,  it  responds  better  to  slowly  interrupted  currents.    A  final 
characteristic  of  this  modal  change  is  the  tendency  of  the  sluggish 
contraction  to  endure  the  whole  time  the  current  is  running  between 
the  interruptions.     This  is  a  sort  of  tetany,  the  cause  of  which  it  is 
difficult  to  explain.     As  it  happens  during  the  passage  of  the  current 
it  is  called  the  "  duration  tetany,"  and  its  symbol  is  DT. 

The  "reactions  of  degeneration,"  as  just  described,  are  muscular 
phenomena  entirely.  It  must  be  recalled  that  in  health  the  reactions 
to  both  faradism  and  galvanism  are  due  to  the  excitability  of  the  neu- 
rons, I.e.,  the  axis  cylinders  in  the  nerve  trunks,  but  that  in  the  de- 
generative cases  which  we  are  now  considering  these  nerve  trunks 
are  no  longer  in  a  normal  state.  When  the  neurons  are  degenerated 
the  V  lose  their  excitability  to  all  stimuli ;  hence  in  degeneration  the 
nerves  early  lose  both  their  faradic  and  galvanic  irritability. 

All  these  changes  in  the  reactions  of  degeneration  are  graphically 
shown  in  the  accompanying  diagrams  from  De  Watteville. 

In  Fig.  13  motility  is  lost  at  the  first  line  (marked  o).  The  gal- 
vanic excitability  falls  slightly  in  the  first  week,  then  rises,  and  finally 
sinks  to  normal ;  the  wavy  part  of  the  line  indicates  the  qualitative 
changes  already  described.  The  faradic  contractility  of  the  muscle 
falls  and  is  soon  entirely  lost.  In  the  nerve  the  excitability  to  both 
(aradism  and  galvanism  indicated  by  a  joint  line  sinks  also  rapidly 
and  disappears.  Motion  returns  in  the  paralyzed  muscle  at  the  point 
marked  by  the  star  on  the  line  marked  6.  At  this  time  the  nerve  is 
regaining  its  excitability  to  both  currents,  and  the  muscle  conse- 
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quently  in  beginniBg  to  react  to  faratlism.  The  qualitative  ck 
(RD)  continue,  however,  for  some  weeks  longer,  in  accord  with  an 
interesting  and  almost  invariable  rule  that  tlie  degeneration  in  Uie 
muscle  doeg  not  entirely  disappear  for  some  time  after  its  nerroim 
connections  are  restored.  This  diagram  is  of  a  case  of  complete  bat 
not  long-c^ontinued  degeneration. 

In  Fig,  14  the  reactions  of  degeneration  are  shown  in  an  incurable 
case  of  nerve  injury.  Motility  is  lost  at  the  line  marked  o.  The 
muacle  shows  a  slight  initial  decrease  in  galvanic  excitability,  fol- 
lowed soon  by  the  chanicteristic  increase  and  the  appearance  iuilicatei} 
by  the  wavy  line,  of  the  qualitative  or  serial  changes.  This  galvano- 
excitability  then  gradually  declines  until  it  becomes  extinct  after 
many  weekn.  The  farado-excitability  of  the  musela  falls  quickly  and 
disapijears  in  three  weeks.     In  the  nerve  the  electro-excitability  for 
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both  currents  falls  even  more  quickly,  and  is  lost  in  the  second  week. 
No  recovery  from  the  paralysis  occurs ;  the  muscle  permanently  de- 
generates, and  the  electro-excitability  in  both  nerve  and  musde  is 
ultimately  lost  forever. 

These  diagrams,  as  De  Watteville  says,  are  intended  to  represent 
typical  cases  merely.  These  are  cases  in  wliich  the  nerve  influence 
is  cut  off  entirely,  as,  for  instance,  by  a  complete  section  of  the  tronk 
of  the  nerve,  or  by  a  completely  obstructive  lesion,  as,  for  instanoe, 
a  localized  inflammation,  such  as  occurs  frecjuently  in  the  seveoih 
nerve.  In  all  such  cases  the  phenomena  for  the  first  few  weeks  are 
identical^  and  only  vary  later  acconling  as  the  injury  remains  perma- 
nent, as  in  section,  or  a  cure  results,  as  in  inflammation.  These  varia- 
tions are  shown  in  the  diagrams,  one  of  which  is  from  a  curable,  the 
other  from  an  incurable  case. 

Many  cases^  liawever,  are  not  typical,  and  these  present  variatiomi 
from  the  classical  reactions  of  degeneration.     Such  cases  are  those 
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especially  in  which  the  degenerative  process  is  not  complete ;  hence 
there  is  displayed  a  partial  ED-  It  may  be  stip|)osed  that  in  nnmer- 
ous  cases,  both  of  nerve  injury  and  of  inflammation,  the  lesion  is  not 
completely  destructive.  There  may  be  sufficient  injury  or  pressure 
to  interfere  with  free  and  full  passage  of  nerve  impulses,  but  not 
wfEcient  to  shut  them  oflf  completely ;  or  some  axis  cylinders  may 
'fcemore  injured  than  others.  In  such  instances — and  they  are  nu- 
meroQB  in  the  clinic^the  muscle  or  muscles  are  not  completely  para- 
ljr«ed,  and  recovery  may  not  be  long  delayed ;  and  it  is  in  these  cases 
tk&t  the  classical  reactions  of  degeneration  often  fail  to  appear. 

This  partial  reaction  of  degeneration  has  a  number  of  varieties. 
Id  Uie  mildest  cases  there  may  be  merely  a  slight  diminution  in  farado- 
contractility,  noticeable  on  comparison  with  the  corresponding  muscle 
on  the  opposite  side.  In  more  severe  but  still  mild  forma  the  farad o- 
cotitmctility  may  be  abolished  and  the  galvano-exeitability  of  the 
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f»-  ll-Ikta«ivn  Showing  RD  In  a  Case  of  Trophic  L^lon  Without  Kecoveir.     (De  WattevIlJa) 

muscle  modified  merely  in  the  modal  change  already  described. 
Tims  the  muscle  gives  a  sluggish  response  and  shows  a  tendency  to 
the  duration  tetany  (DT),  which  is  highly  significant.  This  may  not 
be  accompanied  with  true  serial  or  qualitative  changes  and  yet  it  is 
in  invaluable  indication  of  some  degree  of  true  degeneration.  Erb" 
describes  a  partial  ED  in  which  the  muscle  displays  both  the  quanti- 
tative and  qualitative  changes,  but  in  which  the  nerve  does  not  en- 
tirely lose  its  electro^xcitability  to  either  current.  In  such  a  case 
the  injury  to  tlie  nei-ve  is  evidently  but  partial,  and  while  preventing 
tie  passage  of  the  impulses  upon  which  depend  the  motor  and  troj>hic 
fimctions,  is  not  sufiicient  to  oppose  the  passage  of  impulses  excited 
bj  the  active  stimulation  of  electricity*  Such  cases  are  sometimes 
»een  in  Bell's  palsy  and  in  various  pressure  i)alsies. 

It  is  not  worth  while  to  point  out  all  these  minute  and  manifold 
departures  from  the  type*     They  can  be  recognized  clearly  and  their 
trae  value  estimated  only  by  one  who  understands  thoroughly  the 
y^pleal  reactiona  of  degeneration  already  described. 
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The  significance  of  the  RD  in  the  clinic  is  very  great.    Theae  »- 

actions  always  show  infallibly  that  the  mui^cular  tiasue  is  degeneriki- 
ing  because  it  is  deprived  of  the  subtle  trophic  influence  of  Uie  Dearua. 
This  may  be  caused,  as  already  explained,  by  any  lesion  whatsoever 
that  cut«  ufl'  the  muscle  from  that  Y>art  of  the  neuron  containing  the 
nucleus,  t'.e.,  the  large  multipolar  cells  in  the  anterior  cx^mua  of  the 
spinal  cord.  Hence  the  RD  is  always  an  indication  of  an  affection 
of  the  cerebrospinal  nerves  or  of  the  anterior  boms  of  the  spLQaI_ 
cord,  or,  to  state  it  concisely,  of  the  peripheral  motor  neurons.  The 
reactions  never  occur  in  cases  of  cerebrid  palsy  from  any  cause, 
hemiplegia  from  capsular  hemorrhage ;  or  in  cases  of  diseases  of  the 
spinal  cord  that  do  not  involve  the  anterior  horns,  aH  descending  lat- 
eral sclerfxsis,  locomotor  ataxia,  or  transverse  myelitis  above  the  aaat 
of  the  neurons.  Whatever  apparent  exceptions  to  this  rule  occur  in 
such  iUseases  are  satisfactory  proofs  that  for  some  reason  the  dis^ee 
priKess  has  spread  an  as  to  include  these  perii>heral  motor  neurons. 
On  the  other  hand  the  ItD,  i>artial  or  complete,  is  a  usual  acxximjiaiii- 
meet  of  acute  anterior  poliomyelitis,  of  all  forms  of  neuritis,  and  of 
all  kinds  of  injuries  to  neiTes, 

While,  therefore,  the  clinical  significance  of  these  reactions  is  folly 
apparent,  it  does  not  necessarily  follow  that  their  exact  pathogeny 
is  very  clearly  understooch  In  other  words,  there  does  not  appear 
as  yet  any  sufficient  explanation  why  degenerating  muscular  tissue 
should  present  these  changes  in  its  electro-excitability*  It  cannot 
even  be  said  that  it  is  known  exactly  what  stages  in  degeneration^ 
t«e«,  what  minute  histological  changes,  underlie  the  various  stages  of 
tlie  RD.  From  what  is  known  of  degeneration  of  the  muscmlar  tissoe^ 
it  can  only  be  surmised  that  the  changes  in  the  protoplasm  of  the 
muscular  fibre  dett^rmine  in  some  way  the  altered  electro-excitability. 
But  ttj  explain  this  seems  to  be  as  hopeless  as  to  explain  any  other  of 
the  oocidt  qualities  of  organic  matter.  The  clinical  facts  already 
given,  however,  are  practically  all  that  concern  us  in  this  plaoe« 

The  diagnijstic  importance  of  the  RD  is  now  apparent  from  what 
has  been  said.  The  RD  is  of  al>8olute  importtince  in  determining 
within  certain  limits  the  seat  of  the  lesion,  i\e.,  it  indic4ites  always  an 
affection  of  the  peripheral  motor  neuron*  It  is  only  of  relative  im- 
p<irtanc?e  in  determining  the  nature  of  the  process  taking  place  in  the 
neun:>n,  f,*-.,  it  merely  indicates  that  this  process  must  be  either  de- 
structive or  obstructive.  It  is  finally  of  no  practical  importance  in 
detennining  the  c-ause  of  the  lesion,  which,  therefore,  must  be  sought 
for  in  other  clinical  signs  and  in  the  history  of  the  case. 

In  estimatinj?  the  electro-excitability  of  nerrea  and  musclefi  a 
knowledge  of  certain  normal  variations  is  essential. 
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First,  it  is  important  to  know  that  all  the  superficial  nerves  of  the 
tmmao  body  are  not  excitable  in  health  to  exactly  the  same  extent 
variationB  probably  dej^iend  largely  upon  the  degree  of  resist- 
offered  by  the  surrountling  and  overlying  tissue  of  the  nerve- 
This  ^-tor,  however,  may  not  be  the  only  one,  for  the  in- 
vidual  neuroDB  in  some  nerves  may,  for  aught  that  is  known  to  the 
eontrary,  be  more  excitable  than  those  in  other  nerve  trunks.  The 
fact  is  as  stated.  The  most  excitable  of  the  superficial  nerves 
the  spinal  accessory.  This  fact  can  be  tested  by  applying  a  weak 
kradic  current  to  the  various  nerves  of  the  body  in  turn,  and  grad- 
ually increasing  its  strength ;  such  a  current,  slowly  increased,  will 
eicite  a  response  in  the  spinal  accessory  nerve  before  it  does  so  in 
inj  other  nen^e.  This  nerve  lies  very  close  to  tlie  surface,  and  the 
ildn  overlying  it  is  softer  and  more  delicate  than  that  overlying  some 
other  nerves;  these  facts  evidently  have  an  important  bearing  on  the 
mbjeet.  In  making  such  tests,  however,  it  is  abL^olutely  essential 
tliAt  the  skin  and  the  electrodes  should  be  efjually  wet,  that  pressure 
Btould  be  as  evenly  ganged  to  each  nerve  as  possible,  and  that  all  the 
conditions  should  be  as  nearly  the  same  as  possible.  The  degi-ee  of 
excitability  of  the  several  superficial  nerves  hai*  lieen  variously  esti- 
niated,  and  may  not  be  absolutely  the  same  for  all  iediriduals.  Con- 
ditions as  to  fat,  thickness  of  skin,  etc,,  vary  so  much  among  persons 
iliat  no  table  can  be  absolutely  fixed.  The  following,  how(^ver,  from 
Haghes  Bennett"  is  believed  to  be  as  nearly  accurate  as  can  be 
ittained: 

Spinal  accessory. 
Branch  to  levator  anguli  scapulfe. 
Ulnar, 

Median. 
Facial, 

Cervical  plexus. 
Anterior  crural. 
^External  i>opliteal, 

j  Musculo-spiraL 
1 1nternal  pojjlitoal. 

As  ahown  in  this  table  some  nerve  trunks  have  practicall\'  the 
Mma  /i*wrw.«  ^{  excitability;    for  instance,  the  median,  facial,  and 
in  the  bracket.     This  fact  is  important  for  purj^oses 
For  example,  as  Bennett  points  out,  if  Ixjth  lower 
ed  it  is  impossible  to  compare  the  degree  of  irri- 
'^al  popliteal  with  that  of  the  other,  but  as  in 
is  e(|ual  to  that  of  the  facial  and  median,  these 
3ed  as  standards  for  comparison. 
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Second,  the  tnotor  paififs  of  the  miiscle  are  its  most  excitable  parte, 
A  motor  point  eimpl y  marks  the  place  of  entrance  into  the  mtiscle  of 
its  motor  uen^e.  These  points  are  not  quite  so  excitable  as  the  oene 
tnmk  itself,  but  they  are  more  excitable  in  health  than  the  muBclea 
themselves.  In  fact,  being  the  points  of  entrance  of  the  nen^es  into 
the  muscles  they  display  nerve  irritability  rather  than  muscle  im- 
tability ;  conseriuently  in  degeneration,  when  the  neurons  have  ceased 
to  respond  to  any  form  of  electricity,  these  points  are  not  more  excit- 
able than  other  portions  of  the  muscles.  In  health  they  may  be  said 
to  occupy  an  intermediate  place,  with  reference  to  excitability,  to  the 
nerv^e  ti'unk  and  the  muscle  proper.  The  farther  they  are  located 
from  the  nerve  centres  the  less  excitable  they  become.  For  compari- 
son the  ulnar  nerve  may  he  tested ;  the  nerve  trunk  at  the  inner  con- 
dyle of  the  humeras  will  be  found  rather  more  excitable  than  the 
motor  point  of  the  flexor  carpi  ulnaris. 

The  muscles  themselves,  outside  the  influence  of  the  motor  poictB, 
are  much  less  excitable  than  at  these  points,  but  they  vary  very  mucl 
among  themselves  and  among  individuals.     These  variations  prob- 
ably depend  upon  the  richness  of  the  nerve  supply  to  the  musclcj  t.^^ 
the  number  of  nerves  ramifying  in  the  substance  of  the  muscle,  the 
richness  of  their  arborizations,  and  their  proximity  to  the  surface. 
No  definite  rule  and  no  systematized  table  can  be  given  for  all  these 
variatious  in  the  human  body.     As  a  general  rule  it  may  be  said  tW 
the  larger  muscles  with  coarser  fibres  (as  the  gluteus  maximus)  re- 
spond less  readily  than  do  the  smaller  muscles  of  finer  texture.    In 
health  it  must  be  remembered  the  response  of  the  muscle,  even  when 
the  electrode  is  applied  directly  to  its  body  and  not  to  its  nerve  or 
motor  fK>int,  represents  tlie  irritability  of  the  nerves  within  its  struc- 
ture; hence  the  response  in  health  diflfers  in  mode,  qualify,  and  quan- 
tiiif  from  the  response  in  degeneration,  when  the  nerve  supply  is  cut 
off,  as  has  been  already  exjilained. 

Trophic  Lesiom  of  the  Skin  and  its  Appendages, 

The  disorders  of  nutrition  in  the  skin,  nails,  and  hair  caused  by 
tliseases  of  the  i>6riiiheral  nerves  are  numerous  and  important.  The 
recognition  of  these  trophic  chani^^es  is  still  comparatively  recent.  Bl 
1831  Bright  (quoted  by  Wood")  noted  the  possible  relationship  of 
herpes  zoster  to  disease  of  the  nerves.  This  seems  to  have  been 
merely  a  shrewd  speculation  rather  tlian  a  scientific  demonstration. 
but  it  was  one  of  the  earliest  hint'*  in  literature  of  a  great  tn 
Before  1849  Browu-Sequard  following  S.  van  der  Kolk,  had  expen- 
mented  by  cutting  the  sciatic  nerve  in  the  rabbit.  In  1857  Parrot 
claimed  that  herpes  or  zona  was  a  secondary  mamfestation  of  certain 
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sBoralgias.  Charcot "  in  1859  was  the  first  who  demonstrated  the 
eoonection  of  zona  with  a  wonnd  of  a  nerve.  Later  this  observer  and 
otheis  (Barenspmng  et  aL)  demonstrated  the  pathological  anatomy  of 
flie  nerve  trunks  and  spinal  ganglia  upon  which  the  symptoms  depend. 
B  ihiis  appears  that  herpes  zoster  was  the  skin  lesion  that  first  drew 
attention  to  the  trophic  influence  of  the  nerves  upon  the  integument, 
ttd  that  this  recognition  is  closely  associated  with  the  name  of  Char- 
eoL  Even  at  that  date  the  peripheral  sensory  neuron  which  has  its 
aeit  m  the  intervertebral  ganglion  was  clearly  but  unwittingly  shown 
to  be  implicated  in  the  disease  process.  Bowlby '**  states  that  Hilton, 
in  Us  lectures  on  ^Best  and  Pain,"  was,  with  Paget,  the  first  author 
to  draw  attention  to  the  altered  nutrition  of  the  parts  supplied  by  a 
diWded  nerve ;  but  this  reference  by  Hilton  can  scarcely  claim  prece- 
dence over  Charcot's  case. 

The  further  and  complete  elucidation  of  this  subject  owes  much  to 
the  Civil  War  in  America.  This  war  gave  unequalled  opportunity  for 
the  study  of  nerve  lesions,  which  strangely  had  been  almost  ignored 
in  former  great  conflicts.  To  the  genius  and  industry  of  Mitchell, 
Morehouse,  and  Keen,  who  had  the  insight  to  seize  this  great  oppor- 
tunity, science  owes  the  first  attempt  at  a  complete  presentation  of 
thifl  subject  on  a  large  scale. 

Among  other  early  observers  Paget,"  who  demonstrated  the 
*j^088y  skin"  of  neuritis,  and  Hutchinson,"  who  observed  the  pem- 
phigoid eruption  which  follows  nerve  injury,  deserve  special  mention. 
After  the  American  Civil  War,  which  had  introduced  this  subject  to 
ike  scientific  world  on  such  an  heroic  scale,  the  literature  of  trophic 
disorders  increased  rapidly,  and  now  forms  a  library  in  itself.  Eefer- 
6Doe  to  the  more  important  and  original  of  these  works  will  be  made 
under  separate  headings.     (See  also  Vol.  V.  of  this  series.) 

Brown-Sequard  was  the  first  to  insist  upon  a  distinction  between 
ike  effects  of  destructive  and  those  of  irritative  lesions.  Some  of  liis 
distinctions  are  erroneous,  as  for  instance  in  the  case  of  tlie  muscles ; 
but  others,  especially  in  the  case  of  the  skin,  have  some  reason 
for  them.  Mitchell  inclines  to  the  view  apparently  that  there  is  an 
element  of  "  irritation"  necessary  to  produce  trophic  lesions  in  the 
skin.  He  says  that  these  lesions  seldom  appear  early  in  cases  of 
ner?e  injury,  and  that  they  are  most  likely  to  occur  in  cases  in  wliicli 
ike  wounds  fall  into  inflammation.  As  they  do  not  arise  in  all  cases 
of  nerve  injury  he  seems  to  imply  that  such  injuries  recjuire  some 
form  of  irritation  to  cause  cutaneous  symptoms.  He  furtlierniore 
says  that  trophic  lesions  never  follow  nerve  injury  unless  there  is 
dso  some  motor  or  sensory  paralysis ;  in  other  words,  the  trophic 
fanction  is  never  the  only  one  to  be  affected.  This  author,  indeed, 
Vol.  XI.— 6 
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myn  that  trophic  lesions  in  the  skin  are  always  accompanied  with 
some  disorder  of  sensation,  either  dysaeathesia,  anesthesia,  or  hjim- 
ffiitheeia.  As  we  have  seen  already  that  there  is  no  evidence  what- 
ever of  distinct  trophic  neurons,  this  clinical  observation  of  Mitchell  is 
in  accord  with  the  most  reasonable  theory,  namely ^  that  the  ordinarr 
nmiroiiH  of  motion  and  sensation  have  trophic  functions.  It  h  m 
imdouhtod  fact  that  many  observations  of  nerve  injuries  had  been 
mat  1(1  and  accuratf^Iy  recorded  before  the  American  Civil  War.  Tli^ 
naun^s  f  jf  Earle,  Bell,  Cline,  Hamilton,  and  Astley  Cooper  in  Great 
Uribun,  and  of  Feroii  in  France,  are  associated  with  sneh  cAses  (Are- 
/.(ju"").  This  iiwi,  however,  does  not  detract  from  the  originality  aiid 
value  nf  the  work  by  the  American  arm}-  surgeons. 

KtH?imtly  the  tendency  among  some  physiologists  has  even  been 
Ui  <U>ny  tlie  trophic  influence  of  iierveB.     Thus  ELrause,  from  the  i^ 
snltH  nf  oxcision  of  the  Gasserian  ganglicm  and  of  the  trunk  of  tk 
fifth  n*>rvo  centrad  tt)  it,  concludes  that  there  is  no  such  functimL  | 
Turner,  after  t^xpori months,  came  Uy  apparently  similar  conchisioD8, 

Tht^  trnpinc  disurdom  of  the  skin  and  its  appendages  (the  Eaik 
nud  hair),  and  of  its  underlying  connective  tissue,  may  be  divided 
iutt*  ►imupH  i{i\  thtn  pn\sent  themselves  in  the  clinic.  Only  those 
thai  livv  njssoi-iatod  with  ilisenses  of  the  i)eripheral  nen^es  will  liede* 
HorilHHb  A  atnuewhat  large  grtnip  of  trophic  disorders,  both  in  the 
nkiu  and  in  the  joiiiU,  is  n^  \A  ahut>^t  exclusively  associated  with 
dirtoa.He>t  of  the  ut^'ve  ceiitivs*  The^e  also  pnibably  dej>end  in  fact 
U|H»n  diHtxa^e  of  the  i>eriplieral  neunms,  and  so  naturally  should  be 
inoludtHl  in  the  gnniiKs  made  up  of  tln^e  which  w^e  are  considering. 
lIuiH  acuto  ihvubituH  and  artlin>|KHthy  evidently  depend  upon  affeo* 
lioim«  ill  i^irl  al  UviHt»  of  the  ^teripberal  neurons  either  in  the  spiiud 
^^n^^  or  the  interv^nlelmd  gHiiglia,  yet  s«>  far  as  we  know  at  present 
they  ai\^  not  stnni  iu  distv*ist>s  of  the  j^ripheral  nerves  exclusively. 
1\»  Atloinpt  ti>  give  H  r*v%soti  for  this  difference  would  lead  to  mere 
9i|«ivuUtioiu  but  it  wxHilil  stvm  to  de^vml  a|x>n  the  fact  that  for  tlie 
prvHluotioii  of  such  tr\>phic  Uvitiwus  as  spinal  arthiopftthy  the  involve- 
iiHH\l  \4  the  Hpiua)  iSvuinvtiinis  %yt  tlie  ueuKUis  in  the  central  gray 
iM9iltt^r  in*  ty4s4euti«il. 

thfi^\f^n\/.  IV^H>^  ivixxv^lin#:  K*  a  i^lec^^rijidoii  it  is  worth  while 
K*  \xH^%K'r  %h^  iH^ektftiKW  .'i%'li\ui  i>f  lw\^  j&lWv^  cootribatory  causes  *^* 
In^phu'  U>«!ii*Hv*,  vif. .  di5iii3i«*  aihl  it\jury. 

IH^i*^*  %HUUHvt  Iv  i\MHvi\v\l  v>f  ^  ^  «rt(i«K3«»  ct  Sttch  skin  leei 
»»  Ut|^^  wnLH^ti^  lik««  v^^^^^r^t^^^  ^f^  bolW      Hovrerer  plan 
IW  ikM^wy  %\f  4iHtt:>««^  luv  ^|^|y^«ur  in  cnhs!^  \>l  lln^  Mmrtao  (and  the 
in  tMhfiUly  \ti^ixiv^v\\)  by  iW  i^tmKMNMMi  ^  ^fifimmaAm)^  it  cert 
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[Dedema  and  glossy  skin  might  be  supposed  to  be  due  to  a  sluggish 
ciR'ulatioii  due  to  disuse— but  if  this  were  so,  why  are  not  these  phe- 
nomena seen  in  cases  of  paralysis  from  lesions  of  the  brain  and  cord? 
Tlie  dcsquiiniation  not  infrequently  seen  in  long-standing  cases  may 
indeed  be  in  pai-t  secondary  to  disuse,  to  altered  secretion  of  sweat, 
iDci  to  difficulty  or  neglect  in  taking  care  of  the  limb ;  but  with  this 
^possible  exception  little  if  any  tmi>oi-tance  can  be  attributed  to  disuse 
€ielasively. 

bijury  as  a  contributory  cause  of  troi>hic  lesions  cannot  be  lightly 
igDoretL  Patients  with  auiesthetic  limbs  may  readily  receive  hurts 
of  which  they  know  nothing.  A  patient  with  syringomyelia  in  a 
Phikdeljihia  clinic  was  known  to  have  burnt  his  fingers  without  his 
knowledge  because  of  his  thermoanesthesia.  In  such  a  case  the 
mjtury,  acting  upon  a  limb  in  which  the  trophic  functions  are  im- 
puired,  might  readily  act  as  an  exciting  cause.  But  these  lesions, 
once  started,  often  proceed  to  frightful  mutilations,  as  the  loss  of 
)  pftrt  of  a  finger,  which  would  not  be  the  case  probably  in  a  healthy 
peraon.  Bowlby  noted  in  some  of  his  patients  that  injury  was  the 
itwting-iKjint  of  an  ulcer  or  inflammation  of  the  finger.  A  blister 
I  recklessly  and  improperly  applied  to  the  region  of  the  spine  in  some 
eases  of  acute  disease  of  the  spinal  cord  has  been  known  to  result  in 
in  ugly  and  obstiuate  sore.  In  all  such  cases,  as  is  reatlily  seen, 
wkt  ordinarily  would  be  a  slight  injury  results  in  a  serious  one. 
The  conclusion  is  warranted  that  trophic  lesions  may  have  their  start- 
iii|;-I»oint  in  external  injur}',  but  such  injury  is  neither  essential  nor 
fiottmion  in  these  cases.  A  strictly  H|)eculative  paper  on  the  theories 
ot  trophic  lesions  has  been  published  by  Poore/' 

The  most  common  trophic  disorders  of  the  skin  are  erythema, 
glossy  skin,  herpes  zoster,  urticaria,  pemphigoid  and  bullous  enip- 
tinng,  eczema,  oedema,  [thlegmon,  destructive  whitlow,  and  malforma- 
tifjiis  and  shedding  of  the  nails. 

Eriiihema  ami  Okmsy  Slcin. — One  of  the  cf>mraonest  as  it  w^is  one 

of  the  earliest  of  these  lesions  to  1^  observed  is  erythema  mtli  glossy 

akia    These  are  so  intimately  associated  with  each  other  and  with 

tt^ema  that  it  is  difficult  to  descrilje  them  apart.     Paget'*  was  among 

the  first  to  call  direct  attc^ntion  to  tins  condition ;  since  lie  wrote  it  has 

frequenlly  lif^en  recognized.     Before  Paget,  however,  Hamilton"  had 

Merred  to  the  r^^dness  and  oedema  of  the  skin  in  a  description  that 

I  WIS  lifelike*     The  onset  and  appearance  are  somewhat  as  follows: 

Klfter  nerve  injury  or  disease  symptoms  of  irritation  are  present, 

such  as  nem*algia,     Tliis  neuralgia  has  often  a  characteristic  tjuality ; 

it  is  a  burning  pain  as  well  as  an  ache^  hence  it  has  been  called  cans- 

^dgia  (from  the  Greek  words  xaD^uy,  a  burning  sensation,  and  ^^t'"?, 
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l>aiu}*  The  limb,  or  the  part  especially  supplied  by  the  affected 
Linrve,  as  for  iDstauce  the  fingers,  becomes  swollen  and  mottledt  or, 
as  Paget  wrote,  **  blotched  as  if  with  permanent  chilblains."  Tk 
oMlema  is  often  quite  tense  and  brawny.  The  skin  becomes  smooth, 
gh>ssy,  devoid  of  wTinkles  and  hair,  and  iisuaU^'  unnaturally  drv. 
In  some  cases  there  is  a  tendency  to  shed  the  epithelium.  The  fin- 
gers become  tai>ering  and  the  nails  may  begin  to  show  trophic 
changes.  The  parts,  as  already  said,  are  the  seat  of  severe  pain,  and 
njust  he  t^mched  and  handled  with  care.  Mitchell  insisted  that 
this  state  of  the  akin  was  never  present  without  burning  pain,  a  state- 
ment to  which  Bowlby  takes  exception.  But  certainly  even  if  excep- 
tions occur  the  rule  usually  holds  good. 

Glossy  skin  may  appear  early  and  may  continue  for  a  long  time, 
Bi>wlby  saw^  it  in  a  ease  in  which  it  had  lasted  for  twelve  yeara; 
in  another  case  it  had  lasted  ten  years.  In  some  cases  in  which  pain 
IS  no  longer  a  prominent  symptom  eansalgia  may  recur  at  inten'ab, 
especially  in  cold  weather.  Paget  says  that  glossy  skin  may  follow 
**Mlniiglos"  ur  ordinary  heri>os  zoster,  as  well  as  common  neuralgia. 
In  the  latter  case  this  would  be  a  clear  sign  that  the  nerve  was  the 
scat  of  some  detiuite  irritation.  When  long  continned,  glossy  skin 
is  rnther  au  unfavorable  sign,  as  it  indicates  of  course  an  intractable 
Ht4ilt^  of  the  nerve;  but  in  many  cai^es  it  is  not  long  continued^ aod* 
on  tlie  \vhok>,  as  Mitchell  siays,  the  progn^jsis  is  favorable. 

iKih*tntM* — This  is  not  an  unusual  residt  of  inflammatioii  and  in- 
jury oi  nervt^.  In  multiph>  neuritis  ceilema  of  the  legs  is  very  com- 
mon. In  injury  wi  single  nenc  trunks  this  condition,  while  not  so 
comnuni.  is  still  common  enough  to  W  a  sign  of  importance.  In  polv- 
iitnu  itis  it  iii»p*M*i^  HS  a  rule  nither  pn^mptly,  at  least  il  is  usually  well 
dtHHi  by  the  time  the  i^tient  is  ill  enough  to  take  to  bed.  In  case  a 
stii^l^^  nerw^  is  iigur%Hl.  tlie  swelling  may  t^  limited  to  the  area  of  iti 
dint ri but ioiu  5*nd  if  this  swclUug  is  a^vomi^imej  with  pain  and  aJtera- 
lion  iu  the  iwU^r  o(  iho  nkiu  the  r^>^emblanc^  to  an  acute  inflamma- 
liiui  vMT  i^di^uiou  iiitiy  Iv  tuislt^kliug.  In  Hamilton's  early  case, 
alr*vivi\  vpiottnt  the  J^ck  .^nd  ^vihu  of  the  h^u:kl  were  swollen  Bnd  pain- 
ful ainl  the  nkiu  w.^i?*  r*\ldtnHxi.  s^>  thM  the  jipp^aruice  of  oommenc- 
iug  ^t^veiA*  WA^  ^muUliHl;  but  this  svvUiu^  ajxl  rf^dnoas  diaappeai«<I 
owr  uight.  K*  Iv  rt^i^^t^ltHl  suK!«t\|Ui«tiiI^v.  W^tsoci.  ^ccoiding  to  K 
i;«h4.  cut  iW|4>  iutv%  ^ucU  ;i  s^ivlUi^,  misi^tsUdt^  it  f or  ao  abeeess. 
»iiMM!k  r^Mtiia^  Kit  tHHiTt^lgtii.  t>*|^x*iall,%  v4  th^  Uv^^flmii^  nerv«,  svia! 
k4  tW  *uK*^tiui*H*a*  li^u*^  i5i  s^wti. 

TW  c^ift!M»  k4  th\»  \Y\k^VMk  U  ii^>l  al^4uM5  kKwm.  bat  it  prol 
tl^kfWMtt^  in  |MU1  Jil  W«ie»t  H|x\u  VMMr«J>^  ^4  th^  x^mcmakat  mam 
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tioQs  haviog  seen  an  eruption  of  urticaria  follow  the  fnlgnraat  pains 
of  tabes.  I  have  never  seen  this,  and  I  do  not  I'ecall  any  other  refer- 
ence to  it 

Herpes. — An  herpetiforin  eruption,  as  already  said,  was  the  first 
variety  of  trojihic  lesions  of  the  skin  to  attract  attention.  It  is  cliar- 
acterized  by  a  group  of  vesicles  on  an  inflamed  base.  It  is  usually 
aa^ompanied  with  symptoms  of  irritation,  such  as  intense  burning 
pain,  neuralgia,  etc.,  just  as  in  the  case  of  true  herpes  zoster.  Some 
observers,  as  Charcot,  who  cling  to  the  distinction  made  by  Brown- 
Seqaard  l3etween  destructive  and  irritative  lesions,  say  that  herpes 
is  seen  only  in  the  latter  cases ;  that  this  eruption  never  follows  clean 
and  complete  section  of  the  nerve,  Charcot*s  case,  which  was  the 
first  on  record,  occurred  in  a  man  who  had  received  a  bullet  wound  in 
the  thigh.  It  has  l^een  debated  whether  herpes  ever  follows  a  purely 
central  legion  of  the  ner\'ous  system.  Cases  have  been  reported  which 
aeem  to  show  that  it  can  follow  sucli  lesions.  Schmidt,  quoted  by 
Boes,'*  had  a  case  of  injury  to  the  lumbar  spine  in  which  an 
krpetiform  eruption  came  out  along  the  courses  of  the  first  and 
aecfjnd  lumbar  nerve ;  but  this  may  have  been,  and  probably  wtis,  due 
to  injury  and  irritation  of  the  nerves  and  nerve  roots  within  the 
apinal  canal  or  at  their  exits.  Herpetiform  eruptions  undoubtedly 
occur  in  locomotor  ataxia,  but  the  peripheral  sensory  neurons  are  so 
mucli  involved  in  that  disease  that  the  trophic  lesion  may  well  be 
sapposed  to  be  caused  b^^  an  irritation  of  tliem ;  moreover,  io  tabes 
Ihis  eruption  usually  accompanies  or  follows  crises  of  fulgurant  pains 
and  appears  along  the  course  of  those  nerves  which  evidently  have 
been  the  seat  of  tliese  pains.  A  very  few  cases  of  hemiplegia  have 
been  reported  in  which  herpes  appeared  promxitly  on  the  paralyzed 
side,  but  thase  cases  are  oi>en  to  the  grave  objection  that  apparently 
no  poet-mortem  examination  of  the  nerve  was  made.  In  one  case  of 
bemiplegia  followed  by  herpes,  reported  by  Charcot,  it  was  found 
that  the  hemiplegia  was  not  the  cause  of  the  herpes  but  that  the 
eruption  evidently  depended  upon  irritation  of  the  ganglion  on  the 
posterior  root  of  one  of  the  sacral  ner^'es,  due  to  an  embolus  in  a  con- 
tiguous arter3^  The  evidence  is  in  favor  of  the  theory  that  herpeti- 
fonn  eruptions  are  due  to  some  irritative  lesion  of  the  peripheral 
ncQions ;  and,  as  the  symptoms  of  irritation  are  usually  marked  by 
pain,  etc.,  that  the  sensory  neurons  especially  are  implicated. 

This  ''traumatic"  herpes  or  zona  appears  usually  rather  late, 

although  this  is  not  an  absolute  rule.     Depending,  as  the  lesion  prob- 

'^h  does,  upon  irritation  of  the  nerve,  it  occurs  only  after  such  irri- 

is  set  up,  and  the  time  for  this  of  course  varies.     It  may  occur 

original  injury  has  healed,  or  other  exciting  cause  has  ceased 
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U*  lie  opemtive.    According  to  Mongeot*'  neuralgic  symptoms 
not  efMiential  in  symptomatic  herpes,  for  a  few  cases  have  been 
nerved  in  which  thej  were  abseDt.  ^  In  many  cases  the  eruptioii 
rf^-nrrent.     It  nanaUy  follows  the  course  of  the  nerre  or  appears 
the  territory  Hopplied  by  the  ramifications  of  the  nerve,  and  ohsi 
timui  to  the  contrary  are  open  to  doubt. 

Tlie  c|u«^tinn  arises,  Is  tranmatic  or  symptomatic  herpes  the 
thiiiK  nn  tlje  h6rj>eB  zoster  or  zona  of  the  dermatologisls?  TlieW 
HivtniiM  iti  ho  iif>  iloubt  that  the  two  are  practically  identical  so  far  as 
their  clinical  Jispeets  |<o.  The  tis'o  forms  differ  apparently  only  m 
tho  flirt  tliat  one  is  due  usually  to  trauma,  the  other  to  an  uokiiovii 
Hinirvo  (if  infection;  the  eBsential  cause,  indtation  of  either  tlie  uene 
trunk  or  K'^ii^clif^'Ji  if*  the  same  in  both.  In  ordiuary  her|>es  zoster  , 
tlin  TntMlo  of  iiitnuluction  and  exact  manner  of  action  of  the  cause  are 
ol>M4Uire;  ihin  may  b(\  fvven  luicrobic  in  nature,  for  aiight  that  is  known 
to  tlie  tuMitraiy,  In  the  traumatic  variety  the  introduction  of  tb 
caime  ih  unt  ho  obscure,  although  its  exact  nature,  whether  microbk 
(ir  ticit,  in  iiH  rjiiirh  unknnwu  as  iu  the  former  instance.  Baren*. 
si^rung"  ttnind  tliB  spinal  ganglia  affecteil  and  the  intercostal  nerwi 
llji<'k(^iHHl  ami  injertod  in  liorpes  zoster;  and  a  similar  patbologf 
Hnoins  {4\  bo  inVli^vkt^Hl  fnr  the  traumatic  or  symptomatic  variety. 

The  Hpinal  ganglia,  according  to  Edinger/'  have  been  found  dia^ 
teased  iinly  in  a  f«nv  I'nsi^s,  I  nit  according  to  our  observations  the«e 
ciiHOrt  an*  now  HutViriontly  luiniorons  to  establish  the  important  fact ol 
a  dinn^t  <itiolt*gii*al  notation.  The  interesting  cases,  for  instance,  of: 
Wins  and  \\  itnltnior*  in  which  lieri>*^s  zt)ster  had  affecte^l  the  eyebali 
anil  anlopHiiw  luhl  n^vealcil  e\tcnsivt^  di^seases  of  the  Giisserian  gaiig' 
lion  ^nvfomMl  to  under  Uie  heading  of  diseases  of  the  fifth  nerve)^  are 
ivist>««  in  point,  Atvonling  to  Edinger  the  physiological  observations  ^ 
i\i  tbiult*  imbcato  that  ivrtain  element**  of  the  spinal  ganglia  have* 
VH«^*uu*t\*r  tri^phic  iurtuentv  on  the  skin  and  mtb^^les.  He  thinks  that 
i\u^\^  may  N*  Hyn»|vitht*tic  fibri'e*  which  in  great  numbers  surroniMl 
IhotvlU.  A\>Hmlii\g  to  Yulpian.  WoUenW^r^r,  and  others,  importiiui 
chait^'!<i  ill  the  Hpitud  iraiiglia  han^  l^^eu  ol^served  in  tabes  not  asso- 
cinUnt  with  htniny*  or  Htmilar  hv^ion^ 

f V««*^Uh/h^.     In  «id%bliou  h^  her|i*^  tber^  may  be  other  TesiculaJ 
*^r^i|^ioiv4.  Uit>  tu\v*t  iHxiumott  ^xf  x^hich  is  ]iemphi|n^  or  pemph'-"^' 
UilUv     Hul\rHiiiv'%i\a^   l*lv3^nN^,   Wcir   Mitch^lh  ai»d  oUier  early 
*Nr\\^r*  iiv^txl  Ibi*.     Tlu^<«^  Vndlv  wvv  jip^^^^cir  either  emiij  or  U 
iW  \^«)iMv     MiH'^i^^l  !Miw  %ht^  ihumb  ix^v^^ivil  with  a  hu^  boUa 
KmihK  \bv>  nktk^  iWutv  h^  t\\^  inNTw  at  th«^  wrbt.    Bowiby  says 
wakHdW  iNr^t>tiv>iii»  aiv  i\MMi««iK>n  (kmt  ^^^NtuN^  «HMHk^  afker  the  prii 
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jug  ID  old-standing  cases.  But  I  have  recently  reported  a  ca.se  of 
Bpim  bifida  in  wliieh  trophic  or  symptomatic  pemphigus  was  seen. 
The  case  is  as  follows  " : 

C,  E ,  female,  aged  9  yeai-s,  had  a  spina  bifida  of  the  lumlmr 

f^on,  involving  the  first  three  vertebral  arches.  She  was  paralyzed 
in  her  legs  and  had  badly  deformed  feet,  presenting  an  extreme  vanis. 
There  was  some  wasting  of  the  muscles  below  the  knees.  There  was 
flight  fi>c)t  clonus  od  the  right,  none  on  the  left.  Tlie  patellar  reflexes 
were  abolished.  The  patient  had  no  control  of  the  bladder,  and 
dirainiHlied  cootrnl  of  the  rectum*  The  tactile  sense  was  yery  blunt 
lelow  the  kuee**,  if  not  aljolished.  Above  the  knees  a  line  of  demar- 
cation of  the  anaesthesia  w^as  well  marked;  alight  sensation  was 
irved  on  the  inner  side  of  the  leg.  The  thighs  were  sensitive. 
heat  and  cold  sensibility  below  the  knees  Wiis  abolished,  alx^ve 
le  knees  it  was  normal.  All  the  muscles  of  the  thighs  and  legs  re- 
pontled  normally  to  the  faradic  correut,  except  the  peroneal  group. 
Vi  galvanism  in  strong  ciin-ents  there  was  complete  abolition  f>f  re- 
iponse  in  the  i)eroneal  grouj>.  Slight  modal  change  was  noted  mthe 
"  lors  of  the  big  toe.  The  mother  reported  that  the  child  was  liable 
tlie  formation  of  "bladders'*  on  the  legs,  i.e.  bullae  ieiuiiug  to 
phic  sores.  These  sores  left  scars  after  healing.  In  the  bullous 
;e  they  resembled  pemphigus.  On  the  girl's  adinission  to  the 
ome  for  Crippled  Children  one  of  these  trophic  suppurating  sores 
m  seen  on  the  left  great  toe,  looking  almost  like  a  perforating  idcer. 
"  e  fronts  of  the  tibiao  were  marked  by  the  scars  of  these  sores. 

In  considering  this  case,  the  following  points  are  important.     The 
pe  of  spina  bifida  was  meningomyelocele,  in  which  type  the  in* 

^oked  portion  of  the  spinal  cord  is  not  properly  developed  and  the 
fierve  trunks  are  implicated  in  the  diseased  mass  w^hich  protrudes 
from  the  opening  in  the  spinal  canal.  Some,  but  not  all,  of  the 
neurons  were  involved  in  this  case,  as  shown  hy  the  aniesthesia, 
altered  electn>tonns,  paralysis,  atrophy,  etc.  The  case  was  con- 
gemtal,  hence  of  long  standing.  The  trophic  lesions  occurred  with- 
out signs  of  irritation.  The  bladder  and  rectum  were  involved,  evi- 
dently from  deformity  in  the  cord  itself* 

As  in  this  case,  pemphigus,  when  the  bulla  bre^iks,  discloses  an 

plfleraiing  sore,  wdiich  may  heal  up  in  a  short  time,  or  may  be  more 

liiiiaetable  and  even  lead  to  quite  extensive  necrosis  of  tissue.     In 

"her  case  it  leaves  scars.     Hutchinson  noted  that  extensive  whitlow 

»y  result  from  such  a  Imlla,     Pemphigoid  eruption,  like  heri>es, 

more  apt  to  result  from  wounding  and  irritation  of  a  nen'e  than 

from  the  complete  section  of  it.     Ross  cites  a  few  instances  in  which 

\m  appeared  in  cases  of  disease  of  the  spinal  cord,  but  in  none 

iem  is  it  plain  that  this  lesion  was  not  due  to  irritation  of  the 

B  roots.     The  case  from  Chvostek,  in  which  pemphigus  oc- 
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cuired  in  the  fourth  week  after  a  hemiplegia  due  to  hemorrhage  in 
the  left  temporal  lobe  and  lentictilar  nncleus,  is  open  to  doubt  unleas 
the  peripheral  iiervoues  system  was  carefTilly  examined. 

Eczema. — It  is  doubtfnl  whether  true  eczematous  eruptions  occur 
as  trophic  sores  after  nerve  lesions.  A  general  consensus  ol  opiitioi 
seems  to  range  the  vesicular  trophic  eruptions  under  the  head  of! 
either  herpes  or  pemphigus.  These  vesicular  eruptions,  especiallj'' 
the  bullous  kind,  often  constitute  an  early  or  initial  stage  of  destmo* 
tive  lesions,  such  as  ulcers,  phlegmons,  and  whitlows.  But  tbewl 
lesions  are  not  properly  eczematous  in  any  of  their  stages.  Some  ci\ 
the  early  observers  described  eczematous  eruptions,  but  it  is  apparent 
from  their  writings  that  they  referred  to  the  phlyctenular  and  li€^^ 
petiform  lesions,  often  proceeding  to  ulcer  and  whitlows,  already 
described.  . 

Chamfejt  iti  ihe  Nails. — Trophic  changes  in  the  nails  are  not  iw 
common.  Weir  Mitchell"  was  among  the  first  to  describe  them*. 
They  are  observed  in  central  as  well  as  in  peripheral  diseases.  Thoij 
they  are  seen  in  syringomyelia  enpecially.  Of  peripheral  affectioa| 
they  are  seen  most  strikingly  in  cases  of  wounds  of  the  nerves.  Tk 
cerebral  lesions,  as  in  cases  of  hemiplegia,  I  have  not  noted  the  com* 
plete  arrest  of  growth  of  the  nails,  of  which  Mitchell  speaks ;  but  HbM, 
gn>wth  is  prolnjjly  somewhat  retarded  in  these  cases. 

Tlia  various  alterations  in  the  nuti'itioD  of  the  nails,  due  to  ni 
leHiouH,  are  arrest  or  retardation  of  growth,  cun^ature  in  the  antei 
l)ostorit)r  diametor,  transverse  and  longitudinal  fiHSures,  grooves, 
cracks,  shedding  of  the  nail,  and  hyi)ertroj>liy  and  deformity. 

The  portion  of  the  nail  tliat  is  altered,  as  by  grooves  and  furroi 
is  sometinn's  wi^ll  df^inarcated  from  the  liealthy  nail,  the  line  of 
ration  indicating  the  time  or  st^ige  when  the  lesion  occurred,     81 
ding  of  the  nails  is  a  com  mem  accompaniment  or  result  of  whitl* 
It  may  (KHnir,  liowt^ver,  indcpi'iidtnitly  of  whitlow,  as  I  have  seen  it 
in  syringomyelia.     H.  van  i\vv  Kolk  t'ut  the  sciatic  nerve  id  ani; 
and  ijl>servnd  tliut,  among  other  tropliic  changes,  the  nails  were 
The  nail  may  alsn  nndnrgo  jin  hypertroi>hy  and  Iw  much  defo] 
in  sha[)e.     In  some  rases  it  becomes  dry,  brittle,  and  scaly, 
lesions  of  tlio  njiils  may  (jccur  in  crises  in  which  there  are  no 
leHitms.     I  hnvn  under  obsiMnati.m  an  artist,  who  for  twenty  ] 
has  had  curious  cliangoH  in  his  finger  nails.     These  have  become  ' 
thin  and  brittle,  so  that  thr^  t^d^^ivw  cause  great  annoyance  by  c-atcJ 
on  clotliing  and  othi^r  *>bjoi'tH,  and  thus  ti^uring  otT  down  to  the  qi 
Eidgis  or  grooves  havi^  ftvrm<HU  not  in  the  tnins^'erse,  but  ii 
longitudinal  diauuM^M-  (if  thn  nail,  aud  a  great  central  ridge  divide 
nail  into  two  halves.     By  n  singuhir  cuincidence  this  man  has  rec 
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dereloped  a  tnie  scrivener's  or  draughtsman's  palsy,  due  to  over- 
wort 

Changes  in  tJie  Hair. — As  already  stated,  falling  of  the  hair  is  an 
looompaniment  of  glossy  skin  in  that  state  which  sometimes  follows 
woanding  of  a  nerve.  In  animals  section  of  the  sciatic  nerve  causes 
filing  of  the  hair  almost  always,  but  this  grows  again  even  in  cases 
in  which  the  nerve  is  not  regenerated  (Amozan").  The  growth  of 
htir  may  be  increased  in  abundance  by  lesions  of  nerves.  Thus 
Hamilton/*  in  1838,  reported  a  case  of  injury  to  fjie  musculospiral 
nenre  in  venesection,  in  which  the  arm  became  covered  with  an  exces- 
nre  growth  of  hair.  H.  C.  Wood  refers  to  a  case  of  arsenical  paraly- 
ns,  in  which  the  l^s  became  covered  with  a  growth  of  hair.  Such  a 
g;rowth  is  probably  favored  by  disuse  of  clothing  and  exercise. 

The  abundance  of  the  hair  is  not  only  affected  in  nerve  lesions, 
bot  the  character  of  the  individual  hairs  may  be  altered.  Thus  the 
biiis  may  become  thinner,  or  thicker,  or  more  brittle  than  in  health. 
In  some  instances  of  severe  neuralgia  the  hair  seems  to  become  mor- 
bidly sensitive,  but  this  is  only  apparent  and  is  due  to  the  hypersen- 
ntiveness  of  the  underlying  skin,  for  the  hair  itself  is  never  sensitive. 
Decoloration  and  alterations  in  color  of  the  hair,  as  results  of 
nerve  lesiona,  are  subjects  of  much  obscurity.  Cases  of  migraine  and 
aerere  neuralgia,  in  which  the  hair  has  turned  gray  in  limited  areas, 
have  been  reported.  While  some  of  these  cases  appear  too  well  sup- 
ported to  be  denied,  many  of  the  sensational  tales  told  of  persons 
whose  hair  has  turned  white  in  a  single  night  under  the  influence  of 
emotion  are  probably  spurious.  H.  C.  Wood  "  has  collected  some 
of  these  tales,  to  which  he  seems  to  give  credit.  Byron,  the  poet, 
evidently  believed  in  this  canities,  for  he  makes  the  prisoner  of 
Chillon  explain  that  his 

•*  Hair  was  gray,  but  not  with  years. 
Nor  grew  it  white  in  a  single  night, 
As  some  has  done  from  sudden  fears.  " 

Kaposi  has  denied,  according  to  Amozan,  the  possibility  of  such 
cases.  The  cases  of  alopecia,  followed  by  a  growth  of  parti-colored 
bdr,  are  probably  not  due  to  nervous  influence,  as  was  formerly  be- 
Heved,  but  to  parasites. 

Trophic  Lesions  of  the  Bones. 

Trophic  changes  in  the  bones,  as  results  of  nerve  lesions,  are  very 
common,  but  the  whole  subject  is  still  involved  in  much  obscurity. 
These  changes  occur  in  cases  as  well  of  central  as  of  peripheral  dis- 
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ease.     The  several  varieties  of  these  chaBges,  however,  are  not 
served  with  e(j:nal  frequency  in  both  these  classes  of  nerve  lesion 
in  fact,  some  of  the  most  important  of  these  tipphic  lesions  are 
to  follow  diseases  of  the  spinal  cord  onl}*.     In  consideration  of 
facts,  however,    that  the  peripheral    nervous  system    is    made 
entirely  of  neurons  which  have  their  courses  largely  in  the  spifl 
cord,  and  that  it  must  be  by  way  of  these  neurons  that  trophic  ijifl 
euces,  for  good  or  ill,  pass,  it  is  difficult  from  an  anatomical  at 
point  to  make  the  distinctions  which,  nevertheless,  are  patent  in  1 
clinic.     Thus  a  so-called  spinal  arthropathy  must  be  the  result  of  i 
alf etition  of  the  peripheral  neurons ;  yet,  so  far  as  I  know,  this  fon 
of  arthropathy  does  not  show  itself  in  cases  of  pure  [leri^jheral 
ease,  as,  for  instance,  neuritis.     It  tlius  seems  that  in  order  to 
duce  this  affection,  the  neurons  must  be  involved  in  their  cou 
within  the  spinal  cord. 

Arncjzau    surveys  this  whole  field,  and    classifies    the   folloi 
varieties  nf  troijliic  lesions  of  the  bones  and  joints.     1,  In  cases  i 
arrestcil  dt:ivelojjmeut,  especially  in  cerebral  atrophy  or  what  we  j 
call  poreucephalon,  the  bones  and  joints  share  in  the  failure  to  dew 
op;  contractures  and  a  soi-t  of  fibrous  ankylosis  occur.     2,  In 
osteomalacia  of  the  insane;   this  leads  to  fractures,  so  conimon  ; 
dements  and  chronic  lunatics.     3,    The  bone  lesions  of  locomo 
ataxia  —  the   true  tabetic  arthrojiathy ;   here  also   sometimes 
spontaneous  fractures,  with  exuberant  callus.     4,  The  bone  chan 
seen  in  scleroderma,  leprosy,  and  hemifacial  atroiihy.     5*  The  1 
lesicms  ftjllcmiii^f  peripheral  nerve   injury.     S,   Weir  Mitchell 
that  wounds  of  nerves  can  develop  infiiiunnatory  conditions  of  ]oinl%l 
which  **  so  precisely  reHcmble  rheumatic  arthritis  in  their  symptooij 
and  resultH  that  no  clinical  skill  can  discriminate  between  the  two.*! 
Such  well-marked    pseudorlieumjitic  joints,  following  nerve  injury,  I 
are  not  so  coram  on  ot  so  confusing  in  my  observation  as  this  state- ^ 
ment  seems  to  imply ;  but  cases  of  very  stift'  and  jjaiuful  joints  with 
fiVirous  ankylosis,  following  iiijiivies  to  nerves,  dn  imdoubtedly  oct-nr. 
A  not  uncommon  instance  of  this  is  seen  in  the  shoulder-joint,  follow-  . 
ing  injury  to  the  circumflex  neiTe,  due  to  dislocation  of  the  head  of  | 
the  humerus;  in  such  cases  the  deltoid  is  paralyzed  and  atrophied, 
and  exliibits  the  reitctitms  of  degeneratiou.     6.  Finally,  the  arti'    ^'^ 
lesions,  i^seudorheumatic,  closely  resembling  those  in  the  last  gi 
which  follow  hemii>legia  and  some  acute  diseases  and  injuries  oi 
spinal  cord.     Gull,"  in  1856,  rei>orted  the  cfiso  of  a  man,  aged  tl 
years,  who  had  a  tximor  of  the  upper  dorsal  cord,  and  whose  sy 
toms  simulated  phthisis  pulmonalis.    Gradually  increasing  parap) 
ith  incontinence  came  '-"      ^^'='  had  *  'tits,  and  these  1< 
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the  erroneous  diagnosis  of  rheumatism.  In  a  second  series  of  cases, 
Gull  reported  two  other  cases  of  cord  lesions  with  rheumatoid 
joints.  This  reminds  us  of  the  fact  that,  in  1831,  John  E.  Mitch- 
cD  **  adTaoced  the  theory  of  the  spinal  or  nervous  origin  of  rheu- 
imtiBin.  Talamon**  makes  the  following  distinction:  in  locomotor 
tttxia  the  arthropathy  b^ns  in  the  bone,  the  nature  of  the  disorder 
being  still  unknown;  while  in  hemiplegia,  cord  lesions,  and  nerve 
ircmnd  there  occurs  an  arthritis  beginning  in  the  synovial  mem- 
brane. I  am  not  sure  that  this  distinction  is  founded  on  fact,  but, 
so  far  as  nerve  lesions  are  concerned,  the  arthropathy,  as  Talamon 
aajs,  appears  to  be  limited  in  the  main  to  the  membrane. 

From  the  above  it  appears  that  of  the  variety  of  6one  lesions  fol- 
lowing nerve  lesions,  a  small  proportion  are  due  directly  to  disease  or 
injury  of  the  peripheral  nerves.  As  we  are  concerned  here  entirely 
with  this  last-mentioned  subject,  I  shall  describe  these  particular 
bone  lesions  only. 

£xperiments  on  the  lower  animals  have  tended  to  prove  that  injury 
to  the  nerves  causes  changes  in  the  bones.     Schiff  (quoted  by  Ogle*') 
found  that  after  dividing  the  crural  and  sciatic  nerves  of  a  dog,  **  the 
bones  of  the  paralyzed  side  are  less  voluminous  than  those  of  the 
c^posite  side,  while  the  periosteum  of  the  paralyzed  side  is  thickened 
and  composed  of  many  layers,  often  numerous  and  easy  of  separa- 
tion.**    Moreover,  "the  diminution  of  the  inorganic  component  parts 
bad  so  far  proceeded  that  the  neck  and  lower  end  of  the  femur  and 
the  upper  end  of  the  tibia  had  become  qiiite  cartilaginous,  soft,  and 
flexible."    Later  the  bones  hypertrophied,  especially  in  young  ani- 
mals.    Schiff  concluded  that  the  immobility  of  the  muscles  caused  the 
itruphy  of  the  bone,  the  hypertrophy  being  caused  by  alteration  of 
nutrition  arising  from  paralysis  of  vascular  nerves.     Oilier  found  that 
the  incisor  teeth  in  a  rabbit  fell  out  after  division  of  the  maxillary 
nerve.     He  also  observed  that  section  of  all  the  nerves  in  a  limb 
caused  shortening  of  the  bones. 

In  man  clinical  observation  proves  undoubtedly  that  injury  of  the 
nerres  causes  changes,  especially  in  the  joints.     Weir  Mitchell  states 
that  these  arthritic  changes  may  appear  early  or  late.     A  large  artic- 
ulation may  be  involved,  or  all  the  small  joints  of  the  fingers.     The 
swelling  and  redness  are  usually  slight,  but  the  joints  are  exquisitely 
tender  on  touch  or  motion.     This  state  may  remain  for  weeks  or 
months;  when  it  declines  it  leaves  the  joints  stiff,  somewhat  enlarged, 
and  painful  on  motion.     Some  of  these  cases  recover,  but  in  others 
a  resulting  ankylosis  may  occur,  which  is  exceedingly  obstinate  to 
treatment.     Bowlby  says  that  slight  changes  in  the  joints  are  com- 
mon.    He  thinks  that  the  finger-joints  are  especially  liable  to  be 
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affected,  more  so  than  the  wrist  and  elbow,  even  ia  eases  in  which  tilt, 

nerve  iujury  has  been  in  the  upper  arm. 

In  brief,  the  changes  commonly  Been  are  stiffness,  swelling,  And 
slight  redness,  with  ankylosis  in  the  worst  cases.  The  resulting  coji- 
dition  is  suggestive  of  chronic  rhenmatism. 

The  anatomical  changes  w^ere  studied  by  Bowlby  in  the  case  of  a 
man  who  had  injured  liis  median  nerv^e.  The  capsules  of  the  finger- 
joints  were  thickened,  and  the  cai-tilaginous  surfaces  of  the  most  dis- 
tal joint  were  united  by  fibrous  tissue*  The  terminal  joint  of  the 
ring  finger  was  firmly  ankylosed,  the  union  being  by  bone.  Micro- 
scopically, the  normal  hyaline  matrix  of  the  cartilages  was  replaced  _ 
in  part  by  fibrous  tissue,  I 

In  a  ciLse  of  injury  to  the  circumflex  nerve,  causetl  by  a  dislocation 
of  the  liead  of  the  humerus,  I  once  obser%^ed  paralysis  and  rapid  atn> 
phy  of  the  deltoid  muscle,  with  complete  reactions  of  degeneration, 
and  firm  ankylosis  of  the  Bhoulder-joint.  This  latter  retjuired  to  be 
forcibly  broken  up.  The  patient  ultimately  made  a  good  recovery* 
In  such  a  case,  of  course,  the  injury  to  the  joint  may  have  been  partiy 
due  to  the  original  dislocation,  but  it  was  probably  promoted  by  the 
paralysis  of  the  muscle  and  ner\'e. 

The  resulting  trophic  changes  in  the  bone  itself  have  been  observed 
in  man  by  Ogle,  Blum,  aud  others.  Besulting  atrophy  is  more 
common,  apparently,  in  youug  persons.  Ogle  reports  a  case  in 
which  there  was  atrophy  of  the  bones  of  the  hand,  and  osseous  union 
betw^een  the  radius  and  ulna,  following  section  of  the  median  nerve, 
Comi)lete  destruction  of  the  bones,  /.e.,  necrosis  and  discharge  of  the 
fragments,  has  already  been  mentioned  as  a  result  of  the  trophic  whit- 
low seen  in  Morvan'e  type  of  syringomyelia,  in  anjieathetic  leprosy, 
and  in  some  cases  of  nerve  injury.  Valentin  speaks  of  necrosis  fol- 
lowing an  excision  of  a  i)ortion  of  the  sciatic  nerve  for  neuroma, 
Letievant  reported  a  case  of  necrosis  of  the  extremity  of  the  middle 
finger  following  section  of  the  median  nerve.  In  perforating  ulcer  of 
the  foot  (to  be  descril^ed),  necrosis  of  contiguous  bones  is  some^ 
times  seen* 

Atrophy  of  the  bones  of  the  leg,  the  femur  especially,  was  seen  by 
Lobstein  in  a  man,  aged  fifty-four  yeara,  who  had  suffered  in  infancy 
from  a  grave  wound  of  the  thigh,  involving  both  the  sciatic  and  cr^~*^ 
nerves.     Those  who  wish  to  study  this  subject  in  detail  may  coi  ^^ 
with  profit  the  paper  of  Ogle,"  and  especially  that  of  Talamon.**  ^M 

The  exact  causes  of  these  changes  in  bones  and  joints  may  sti] 
the  subject  of  sorae  speculation.     The  resulting  disuse  of  a  joint  tenua, 
no  doubt,  to  ankylosis,  so  that  it  is  a  question  whether  the  whole  of 
the  lesion  can  be  considered  truly  trophic.     From  a  clinical  stand* 
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point,  however,  these  changes  are  closely  allied  to  other  trophic 
chaDges,  so  that  the  mere  speculative  question  sinks  into  comparative 
iik&igni£cance.  The  important  fact  is  that  these  arthritic  lesions  are 
not  uncommon  in  cases  of  norve  injury.  In  cases  of  simple  neuritis 
Bot  due  to  injury — as,  for  instance,  in  multiple  neuritis— stiffness  and 
aniylosis  are  not  uncommon  when  the  disease  is  of  a  severe  type 
&D(I  long  standing.  The  ioints  become  painful  on  pressure,  but  in 
my  observation  do  not  present  quite  such  an  irritative  and  rheuma- 
toid aspect  as  they  do  in  cases  of  mechanical  injury  to  the  nerves. 
True  bone  changes,  such  as  atrophy,  in  cases  of  simple  n on- traumatic 
neuritis,  are  not  observed ;  but  destructive  whitlow  involving  the  bone 
may  occur. 

Trophic  Lesions  of  the  Subcutaneous  Tismies. 

Utider  this  heading  may  be  included  whitlow  or  panaris,  perforat- 
ing ulcer,  phlegmon   and    pseudophlegmon,   and  bedsore  or   acute 

[da'ubitus.  Some  of  these  lesions  are  much  more  likely  to  occur  in 
ciBes  of  peripheral  disease  than  the  others,  and  prominence  here  will 
le  given  to  these, 

JFhitlow. — Destructive  lesions,  such  as  whitlow,  perforating  ulcer, 
ite.,  are  sometimes  caused  by  diseases  and  injuries  of  nerves, 
iehroeder  van  der  Kolk,  many  years  ago,  cut  the  sciatic  ner\^e  in 
nammals,  and  noted  that  tlie  limb  became  swollen,  the  toes  ulcerated, 
md  the  nails  were  shed.  Browu-Seciuard  rei>eated  this  experiment 
in  goinea-pigs,  and  claimed  tliat  no  change  occurred  when  the  limb 
ITM  protected  from  rough  contact  with  the  ground.  The  attempt  to 
inoe  these  trophic  changes  to  local  injury  has  never  been  entirely 
iQOoefisful.  Hutchinson"  reported  seven  cases  of  section  of  nerv^es, 
in  five  of  which  the  fingers  became  inflamed  soon  after  the  accident. 
He  argued  against  pressure  or  injury  as  a  cause  of  the  resulting 
whitlow,  on  the  ground  that  this  lesion  occurred  first  at  the  tiiv  of  tlie 
finger,  where  there  had  been  no  pressure.  He  olwerved  that  the 
whitlow  was  peculiar,  inasmuch  as  it  thus  involved  the  tip  of  the 
finger,  both  skin  and  sulwutaneous  tissue,  and  caused  exfoliation  of 
the  naiL  Paget,  however,  recogniaied  the  ])08sibility  of  local  injury 
icting  as  a  cause,  and  reported  tdcers  of  the  fingers  from  burns 
Mftived  unconsciously  in  antesthetic  parts.  This  latter  kind  of  sore, 
kowever,  usually  heals  up  as  promptly  in  cases  of  nerve  lesion  as  in 

Homiai  tissue,  and  therefore  cannot  be  called  a  true  trojjhic  lesion. 

On  the  other  hand,  the  true  whitlow,  due  to  nerve  injury,  is  usually 

ii  most  destructive  process.     * 

bAs  already  explained,  pemphigus  is  usually  only   a  i>relinnimry 
IB  to  an  ulcerative  process  in  the  akin.     When  the  bulla  breaks  it 
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reveals  an  ulcer,  which  in  many  cases  may  remain  superficial,  but  m 
some  cases  may  extend  deei>ly.     In  either  event  it  leaves  a  8€ar. 

Whitlow,  however,  is  much  more  than  an  ulcer  in  the  skin.  II  is 
a  deep-seated,  destructive  process  in  the  subcutaneous  tissue,  usually 
b^inning  in  tli©  distal  phalanx,  and  often  involving  and  destroyijig 
the  bone.  It  usually  begins  as  an  inflammation  in  the  skin,  in  or 
near  the  finger  tips;  the  subcuticular  tissue  is  rapidly  involved,  and  ' 
in  some  cases  suppuration  occurs  quickly  and  may  not  be  suspected 
by  the  patient,  the  pus  l>eiug  retained  just  beneath  the  skin.  Wlien 
this  is  evacuated  the  finger  is  seen  to  be  extensively  invoked 
Denudation  of  the  bone  occurs,  and  the  phalanx  may  even  be  lost 
In  some  cases  more  than  one  finger  at  a  time  is  involved,  and  more 
of  one  finger  than  of  another. 

Trophic  whitlow  is  almost  always  a  painless  affection,  and  this 
feature  sen^a  to  distinguish  it  better  than  aught  else.  It  seems  thus, 
as  in  the  case  of  so  many  trophic  lesions,  to  dej^end  especially  upoe 
an  aflection  of  the  sensory  neurons*  Its  time  of  occurrence,  ^iUi 
reference  to  the  original  affection  of  the  nerve,  varies  greatly.  Cases 
are  reported  in  which  the  bullae  have  ai>x»eared  in  a  few  days  after  the 
nerve  injury,  and  ulceration  and  gangrene  have  followed  in  a  tew 
weeks  (d' Anson,  quoted  b^'  Bowlby,  whose  reference  I  am  unable  to 
verify).     In  other  cases  the  complication  is  delayed  longer. 

Injury  to  the  artery  as  well  as  to  the  ner\"e  is  not  an  unconmioii 
event,  and  some  of  the  extensive  sloughings  reported  by  observers,  m 
by  Hilton**  and  by  Bowlby,  may  possibly  have  been  due  in  part  io 
this  accident.  Still,  this  at  best  is  but  a  contributory  cause,  and  it 
is  doubtful  whether  sloughing  wtmld  occur  in  theBe  cases  if  the  nerro 
were  not  injured.  For  instance,  sloughing  of  the  hand  as  a  result  of 
ligation  of  the  ulniir  artery  is  not  usually  to  be  expected  in  cases  in 
which  the  nerve  suiipl^^  is  normal 

Among  the  iliseaaGB  which  especially  exhibit  destructive  trophic 
whitlows  are  leprosy,  syringomyelia,  and  the  disease  described  by 
and  named  for  Raynaud. 

The  form  of  lei^rosy  which  clisi)lay8  whitlows  is  the  anaBsthetic 
form.  This  variety,  as  is  well  known,  depends  u|>on  a  specific  neu- 
ritis, which  is  caused  by  the  bacillus  o  leprosy,  discovered  by  Han- 
sen. This  disease  is  marked  b}^  in  it  i a  ^"'•*"  ^a*^u  ^^^^^  ^t 
flesthesia,  followed  by  extensive  anmsthi 
tecome  extraordinarily  swollen,  and 
as  lai^e  and  tender.  Trophic  lesio 
in  these  cases.  They  consist  in 
The  macula3  are  highly  characterif 
and  pemphigus,  such  as  have  b^An 

r 
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tions,  which  may  be  terribly  deatnictive.  Both  tlie  fiii^^ers  and 
are  the  seah^  of  these  whitlows^  which  not  infrerjueutly  destroy 
phalanges.  Contractures  and  loss  of  j^ower  occur.  The  course 
this  form  of  leprosy  is  often  extremely  chronic.  It  evidently 
'ords  a  striking  example  of  trophic  lesions  depentling  upon  aifec- 
of  the  nerres.  The  trophic  process  is  pmctioally  identical  with 
;t  which  occurs  after  wounds  of  nervoa ;  the  ouly  difference  is  in 
essential  cause  of  the  nerve  lesion.  In  the  one  case  this  is  the 
itation  of  the  neurons,  caused  by  a  specific,  ^iruleDl  microbe ;  in 
,e  other  it  is  the  irritating  effects  of  trauma. 
Syringomyelia,  a  disease  of  the  spinal  cord,  also  causes  trophic 
ifhitlows  occasionally.  The  form  of  the  disease  that  does  this  espe- 
•mlly  is  the  tyi>e  originally  described  by  Morvan,  and  sometimes 
idled  after  him  **  Morv- an's  disease. "  Charcot, "  in  a  lecture  pul>!i  shed 
Htortly  before  his  death,  prox^osed  to  call  this  fonn  the  **  typo  Mor- 
tal/' He  was  among  the  last  to  concede  that  the  disease,  so  well  de- 
scribed by  Morvan,  was  only  a  variety  of  syringomyelia.  There  can 
be  little  doulit  now  of  the  identity  of  the  two  affections,  Joffroy*' 
las  sho^Ti  by  auto|)«y  that  a  typical  case,  which  had  i)resented 
eitensive  mutilating  whitlows^  was  one  of  genuine  syringom^'elia. 
The  cases  originally  reported  by  Morv^an^'  under  the  hmidiug  of 
•paaaris  analgesiques"  presented  the  symptoms  of  paroHiH,  with 
A  of  the  upper  limbs,  limited  at  tirst  to  one  side,  then 
ig  to  the  other,  and  resulting  in  the  production  of  one  or 
Bumy  whitlows.  Necrosis  of  tlie  phalanges,  espt'cially  tlie  distal 
ones,  was  eominoD*  Morvan  relates  graphically  how  he  discovered 
the  analgesia  in  these  cases.  He  had  occasion  to  incise  one  of  these 
twhitlows,  antl  was  astonished  to  find  that  the  patient,  who  did  not 
•eem  to  be  a  hero,  bore  the  operation  without  a  comphiint.  luvesti- 
igation  showed  that  the  patient  had  suffered  no  j^ain.  It  is  a  singular 
fcct  that  one  physician  like  Morvan,  in  the  proviuce  of  Britt^my, 
ihotild  have  met  with  so  many  of  these  cases.  In  some  cases  there 
were  initial  x>aiDB,  Other  trophic  lesions,  as  muscular  ati'ophy,  sco- 
loris,  arthropathy,  etc,  were  sometimes  present.  The  sj^ecial  fea- 
of  these  whitlows  are  their  grave  but  indolent  character,  and  the 
that  they  are  multi]*le  and  api>ear  successively.  Some  cases  are 
.  ^  .*!..,,  •  1  *•  r  even  as  long  as  forty  years.  In  some  of 
ibaultj^'a  peripheral  neuritis  has  also  l>een 
important  in  relation  to  the  etiology  of 
*an  be  no  doubt  that  their  geueral  clini- 
V  to  tlie  wliithiws  produced  by  nerve 
-en  in  a  central  disease  like  syringo- 
the  peripheral  sensory  neurons  in 


96 


LLOYD — CEREBROSPINAL  AND  SYMPATHETIO  KEBVES« 


their  courtie  through  the  spinal  cord,  it  may  be  by  virtue  o£  tbo 
invol?eraent  of  these  neurons  that  the  destructive  trophic  legiooa  are 
produced.  Certrtiiily  it  is  impossible  to  conceive  of  any  other  cotmeo- 
tion  between  these  sores,  located  on  the  extreme  periphery  of  tb^ 
nervous  system,  and  the  disease  process  in  the  centre,  exeejit  throogli 
a  diseased  r>eripheral  Beuron. 

With  reference  t4J  the  exact  iiiorliid  anatomy  of  Morvan*8  disea06f 
while  many  of  the  observed  facts  iixlieate  that  it  is  a  form  of  s^vringo- 
myelia,  it  must  be  acknowledged  that  all  the  fiicts  do  not  nec^^sfiarily 
intlicate  the  formation  of  mvlfivs  in  the  cord.  Tliere  may  in  some  ol 
these  crises  l>e  a  process  of  gliomatosis  in  the  central  region  of  the 
cord  that  has  not  yet  proceeded  to  cavity  formation.  This  gliomato- 
sis  is  the  real  disease— the  cavity,  of  course,  is  only  an  effect  of  it. 
In  such  a  case  analgesia  with  trophic  lesions,  as  well  as  other  sym^ 
t<ims  of  syringomyelia  (muscular  atroi>hy,  etc.),  may  exist,  and  the 
peripheral  ner\'es,  being  but  continuations  of  the  neurons  within  tlie 
diaeaaed  portion  of  the  cord,  might  ]jh3  degenerattHl.  This  seems  to 
have  lieen  distinctly  the  idea  of  Morvan  himself,  who  says  that  the 
seat  (Jhijet)  of  the  disease  is  in  that  part  of  the  cord  which  gives  rise 
to  the  brachial  nerves.  Finally,  it  must  not  be  forgotten  that  Mor- 
van*s  disease,  as  well  as  other  tyjiea  of  central  gliomattisis,  bean  H 
striking  resemblance  sometimes  to  anaesthetic  leprosy.  The  trophio 
lesions,  especially  the  whitlows,  are  very  similar  in  the  two  diaeflMi, 
(For  references  to  cases  by  Stendener,  Langhans,  Bosenbach^  and 
others,  see  BruhL"")  Some  observers  have  even  claimed  the  ideDtitr 
of  syringomyelia  nith  leprosy.  This  claim  is  j^i^baf^s  somewbal 
strengthened  by  the  curious  fact  that  Morvan  observed  about  twenty 
eases  of  his  disease  in  a  small  fishing  community.  Tlie  identitjr 
could  be  established,  of  course,  only  by  the  discover^'  of  Hansen'ii 
bacillus  in  syringomyelia  and  in  Morgan's  disease. 

The  curious  disease  descril^ed  by  Raynaud  **  has  for  its  tarmiiial 
stage  symmetrical  gangrene  of  the  fingers  and  toes,  and  sometimes  <tf 
the  ears  and  nose.  It  has  three  stages:  (1)  hx^al  8yncoi>e;  (2)  local 
asphyxia;  (3)  symmetrical  gangrene.  The  first  stage  is  marked  by  a 
bloodless  state  of  the  parts,  the  second  by  a  congested  state,  and  the 
third  by  the  gangrene.  The  affection  is  usually  extremely  painful. 
Htemoglobinuria  is  sometimes  present  in  the  attack,  and  nervoua 
symptoms,  such  as  epileptic  and  hysterical  phenomena,  are  aeeiL 
The  cause  and  pathology  *»£  the  disease  are  as  vet  quite  unknowii. 
It  has  been  sup|>oHed  to  l>o  duo  to  disturbance  of  the  vasomotor  eya- 
tern.  It  is  doubtful  whether  it  is  due  to  an  affection  of  the  aenaony 
nerves,  as  insteacl  of  ameethesia  and  analgesia  there  is  usually  pain. 
The  gangrene,  moreover,  is  usually  symmetrical.     Baynaud's  disease 
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imentioneil  here  simply  for  tiie  purpases  of  comparison  and  contraBt 
ith  the  trophic  affections  which  are  recognized  as  deiiendiag  ou 
isiona  of  ueiTes.  It  mn^t  Ije  remembsred,  however,  that  iieripheral 
Kniritia  has  been  obaerved  in  aonie  cases ;  hence  it  may  yet  ai>i^ear 
the  disease  is  only  another  nutritive  disorder  dne  to  an  affection 
b{  the  nerves  (Collins'*').  Kriaowski  aBcril>eH  a  case  of  symmetrical 
gangrene  in  a  child  to  sypliilis.  This  suggests  that  the  immediate 
e&Qse  is  a  specific  endarteritis. 

Pcr/orafuitj  IJlver. — Among  trophic  lesions  this  ulcer  holds  a  prom- 
inent  place.  It  was  first  described  by  Nelaton,  in  1852 ^  and  Wits  first 
culled  by  its  present  name  (mal  perj^rraits  plaNlaire)  by  Vesignie.  It 
jeonsistH,  as  its  name  implies,  of  a  round  or  oval  ulcer,  i»erftjratiug 
the  skin  and  i>enetrating  more  <jr  less  deei)l\'  into  the  contiguous  tia- 
fiaes*  Rijss  suggests  that  it  is  really  a  sinus.  It  begins  iis  a  hard, 
com-lite  elevation  in  the  skin;  this  is  in  iuarke<l  con tnist  with  the 
Imllous  eruption  which  often  ushers  in  whitlow.  The  induration 
Boon  breaLs  down  in  the  centre  and  presents  an  ulcer-  In  niihl  cases 
this  may  heal  rapitlly ;  in  severe  cases  it  tends  to  perforate  deeply, 
Wt  not  to  extend  in  n  lateral  direction.  In  grave  cases  it  may  even 
mvolve  the  underlsing  Ixines  and  contiguous  joints.  This^  ulcer  is 
usually  associated  with  some  degree  of  anaesthesia  and  analgesia. 
Duplay  and  Morat "'  found  all  the  ulcers  which  they  examined  to  be 
more  or  less  insensible-  I  noted  the  same  condition  in  the  case  al)out 
io  be  reported.  Both  modes  of  sensation  usually  are  affe<:*ted :  iu  some 
cases,  however,  attempts  at  walking  may  cause  |>ain.  The  extent  of 
tlie  anaesthesia  will  depend,  of  course,  ux>on  the  extent  <and  location  of 
the  ner\'e  lesion.  In  eases  of  locomotor  ataxia  the  aj^pearanee  of  the 
ulcer  may  l>e  preceded  by  fulgurant  pains. 

Perforating  ulcer  may  Ije  accompanied  with  other  trophic  lesions, 
«»  shedding  of  the  epidermis,  alteratious  in  the  nails,  oidema, 
phlegmon,  and  ankylosis  and  deformity  of  the  neighboring  joints. 
Its  favorite  seat  is  the  under  surface  of  the  fo<it  and  toes;  it  is 
lonnd  especially  on  the  liall  of  the  great  toe.  It  sometimes  comes  at 
^ftaside  of  this  toe. 

Many  theories  have  been  suggested  to  account  for  this  curious 
Woe.  It  has  lieen  ascrilied  to  syphilis,  uneraia,  glycosuria,  ernbo- 
lofi,  eDdarteritis,  atheroma,  inflammation  of  tlie  sudoriparous  glands, 
other  agents.  Them  is  now  little  doubt,  however,  that  genuine 
>f  this  ulcer  are  directly  due  to  some  nerve  lesion.  Dolbeau 
rating  ulcer  of  the  foot  iu  a  case  of  fracture  of  the  si>ine. 
me  succeed  compression  of  the  sciatic  nerve,  caused  by 
he  femur.  Sezary  saw  one  in  progressive  muscular 
or  saw  seven  cases;  on©  iu  myxoma  of  the  spinal 
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cord,  another  in  old  heiuiplegiii,  anoiher  foUowiiig  a  wound  of  the 
Bciatic  nerve,  anotlier  following  luxation  of  tlie  femur »  another  in 
vicioiiB  union  of  a  fracture,  another  in  gunshot  wound  of  the  Imttock 
with  injury  of  the  sciatic  nerve,  and  the  last  in  a  case  of  coi-d  disease 
(tabeii?),  Mathieu  also  saw  one  follow  a  wound  of  the  Roiatic 
oerve.  Locomotor  ataxia,  however,  is  imiltmbtedly  the  disease  in 
which  perforating  ulcer  in  seen  most  commonly.  Ponoet  thought 
that  hti  Haw  a  resemblance  in  the  affection  of  the  nerves  in  cases  d 
perforating  ulcer  to  that  which  occurs  in  anapsthetic  lei>rosy.  Eflt- 
lander  elalxjrated  this  idea.  Duplay  and  Morat^  in  a  careful  studv, 
conclud*Kl  that  perforating  ulcer  is  associated  with  a  degenerative 
lesion  of  the  nerv^eH.  There  thus  seems  to  \ye  no  doubt  that  thin  ulcer 
is  a  true  trophic  lesion,  depending  upon  an  affection  of  the  i^eripheral 
neurons,  probably  tlie  sensory  ones- 

The  following  case  occuiTed   in  my   clinic  at  the  PhiladelphU 
Hospital/"  '  i 

A.   B ,   aged  40,  white.     The   patient   had   been   tal>etic  for 

some  years,  | (resenting  the  usual  sensorimott^r  symptoms.  He 
presented  a  imrlnrating  ulcer  on  the  inner  and  under  surface  of  the 
great  toe  of  the  left  font.  This  was  indolent,  with  little  disposition 
eithnr  to  si>read  or  to  im]>rove.  It  was  not  [>ainful ;  in  fact,  it  was  as- 
scKuated  with  cnuHideralih*  tactile  ana?Hthesia  and  analgesia,  tis  these 
uIcei-H,  in  tjiy  experience \  are  apt  to  l>e.  It  did  not  communicate 
with  the  bunt^  or  with  the  neighlK>ring  metatarsophalangeal  joint 

It  is  possible  that  these  ulcers  are  sttir ted  in  some  instanced  by 
traumata,  i.e.,  by  the  bruises  and  i>ressure  caused  by  an  ataxic  gait 
The  disojise  prtHu^ss,  once  started,  is  favored  by  the  low  vitidity  of 
the  tissue,  depeniling  in  turn  n])nu  the  affection  of  the  nervee. 
Hence,  as  has  aln^ady  been  shown,  it  may  appear  Ixith  in  central 
lesions  nf  the  s[)in!il  ocud  find  in  perij^ieral  lesions,  the  j^ripheral 
neurons  Ixnug  equally  involved  in  i>otfi  instances, 

Pfih'fjftii*tt  ftttt!  Pfii  tfJt*i>hh<jtiiotK — Inflammation  of  the  subeuta- 
ueous  connective  tissue,  with  fia-uiation  of  fvus,  is  not  a  common  result 
of  nervcnis  lesions.  In  cases  nf  whith^w,  of  coui-se,  this  tissue  is 
iiivtilveil,  ami  tins  lesion  has  been  already  described.  Distinct 
phlogvnnnous  intlauimatiou,  apart  from  whitlow,  is  not  as  a  niJe 
oliserv«Hi.  AiH^onling  to  Arnt>z;in.  lesions  of  the  peripheral  ner"*" 
have  only  rarely  as  an  effect  tlie  formation  of  uk-erative  or  ganp 
ous  inrtatntnatitui  nf  the  ciumtvtive  tissue.  He  cites  Kaynaud 
8|>t\*iks  of  gaugrtMious  phlegmons  of  rapid  march  which  inv« 
lower  lind^  ns  rt\sults  of  w»nni«ls  rf  the  sciatic  nenre.  But,  j 
mn  states,  fhe  |vart  played  by  tK-  oir  lesions  in  ^ht 

ditScult  to  distinguish  fnuu  tl^ 
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Pseudophlegmon  may  be  described  as  that  characteristic  swollen 
md  reddened  state  of  the  skin,  sometimes  quite  painful,  which  fol- 
lows irritatlTe  lesions  of  nerves.  It  has  been  referred  to  under  the 
head  of  glossy  skin.  It  does  not  lead  to  suppuration;  certainly  any 
case  in  which  suppuration  should  occur  would  be  exceedingly  rare. 
Its  appearance,  however,  simulates  occasionally  a  beginning  suppu- 
ntive  process.  It  was  first  described  by  Hamilton  in  a  case  of  injury 
to  a  nerve.  It  is  seen  sometimes  also  in  cases  of  trifacial  and  other 
forms  of  neuralgia. 

Acute  Decubitus. — This  is  a  form  of  bedsore,  rapid  and  malignant 
in  type,  which  is  not  infrequently  seen  to  follow  lesions  of  the  spinal 
cord.     It  occurs  also  in  cases  of  cerebral  lesion.     It  begins  usually  in 
a  few  days — sometimes  within  twenty-four  hours — after  the  initial 
lesion,  as,  for  instance,  fracture  of  the  spine  with  crush  of  the  spinal 
cord.     An  erythematous  spot  first  appears,  then  buUsB  form;  these 
contain  a  serosanguinolent  fluid.     Bapid  destruction  of  tissue  follows, 
until — as  over  the  sacrum,  for  instance — immense  deep-seated  sloughs 
form  and  come  away.     The  bone  may  be  exposed  and  even  involved. 
This  lesion  will  not  be  described  here  in  detail,  because  practically 
it  is  not  seen  in  cases  of  peripheral  lesions.     Yet  it  cannot  be  doubted 
that  in  these  cases  of  acute  decubitus  the  peripheral  neurons  are  ex- 
tensively involved.     It  is  probable  that  in  one  sense  acute  decubitus 
is  thus  due  to  a  peripheral  lesion,  or  at  least  that  the  trophic  func- 
tions of  the  i>eripheral  neurons  are  seriously  impaired.     As  these  ex- 
tend into  the  cord,  they  are  evidently  involved  in  the  central  destruc- 
tive lesion,  in  cases  at  least  of  injury  to  the  spinal  cord;  but  it  is 
apparently  essential  that  this  central  lesion  should  exist,  because  in- 
jnTi-  to  the  i)eripheral  neurons  outside  of  the  cord,  as  in  cases  of 
injury  to  the  nerve  trunks,  does  not  cause  this  type  of  bedsore.     In 
owes  of  widespread  multiple  neuritis  bedsores  may  form  on  the  but- 
tocks, heels,  etc. ;  but  these  are  not  of  this  rapid  and  malignant  type, 
ftod  diflTer  in  fact  in  no  way  from  the  ordinary  bedsore  caused  by 
pressure  and  uncleanliness. 

Trophic  Lesions  of  the  Vascular  System. 

Lesions  of  innervation  of  the  blood-vessels  occur  no  doubt  after 
nerve  injury,  but  these  cannot  properly  be  called  troi)hic  lesions. 
Division  of  the  sympathetic  causes  dilatation  of  the  capillaries,  but 
this  is  merely  a  paralytic  and  not  a  trophic  phenomenon.  A  true 
trophic  lesion  is  one  in  which  the  nutrition  of  the  tissue  is  affected. 
The  nutrition  of  the  vascular  tissue  is  no  doubt  affected,  along  with 
the  other  tissues,  in  such  destructive  lesions  as  whitlow,  perforating 
ulcer,  etc. ;  but  whether  this  is  primary  or  secondary  is  a  question. 
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Distinct  primary  trophic  lesions  of  blood-vessels — ^such,  for  instai 
aH  would  cause  destructivo  changes  in  the  walla  of  the  vessela— a 
practically  unknown. 

Di\aBion  of  the  cervical  sympathetic  nerves  in  young  growing  an 
mals  results,  according  to  Sterling  and  to  Bidder,  in  hypertroph 
of  the  ear  and  increased  growth  of  the  hair  on  that  side, 

AlteratioDH  in  the  secretion  of  sweat  may  be  included  here. 
tation  of  the  cervical  sympathetic  causes,  among  other  sympton 
h3^peridro8is ;  per  contra^  paralysis  of  the  cervical  sympathetic  can 
amdrosis.      Neither  of   these  phenomena,  however,  is  constant 
enduring.     These  phenomena  will  be  described  more  fully  under  i 
head  of  Diseases  of  the  Sympathetic  System, 

In  affections  of  the  abdominal  sympathetic  tliere  may  beinc 
or  diminished  secretion  from  the  intestinal  glands.     This  may 
indicative  of  a  genuine  trophic  lesion  in  the  glands,  due,  howef^ 
rather  to  an  affection  of  its  nerve  than  to  a  true  vascular  affeotioD. 

Tmphic  Lesions  of  the   Viscera, 

It  cannot  be  claimed  that  we  have  any  very  definite  knowledge  oill 
the  subject  of  trophic  lesioun  in  the  viscera  as  results  of  either  ceutnlj 
or  peripheral  diseases  of  the  nervous  system.     Brown-Se<iuani  ls< 
Arnozan^^)  annouueed  that  lesioiiB  of  many  parts  of  the  cerebrospii 
axis  were  followed  after  very   brief  intervals  by   hemorrhages  ink 
many  of  the  viscera.     Vulpiau  criticised  the^e  results,  claimiag 
all  such  lesions  in  the  viscera  could  readily  be  caused  by  emboh.i 
that  such  emboli  could  gain  entrance  by  way  of  the  wounds  in 
skull  and  spine  caused  in  making  the  experiments.     Certainly  patho 
logical  anatomy  in  the  human  subject  teaches  but  little  if  anyt 
about  such  visceral  hemorrhages  following  nerve  lesions.     Cerehdil 
hemorrhage,  it  was  taught  by  011i\ier,  is  fre^iuently  accom|mnied  ( 
followed  l)y  pulmfmnry  apoplexy  and  by  hemorrliage  into  other  o^| 
gans.     While  thes**  phenomena  may  be  seen  in  some  cases,  it  woaMl 
be  rash  to  claim  that;  they  are  in  any  sense  "trophic"  lesions.     The? 
simply  rei>resent  diseasetl  heart  and  bhrnd-vessels,  or  septic  processeBf 
u  hieh  acted  primarily  as  tli*^  cause  l)oth  of  the  cerebral  and  visceral 
lesions.     The  attempt  tr»  prove  that  such  hemonliages  am  more  com- 
mon after  lesions  of  certain  regions  of  the  brain  does  not  no^ 
countenance.     The  same  ]na\'  be  said  of  pneumonia  following  ee 
apoplexy.     Cruveilhier  is  ij noted  by  Arnozj^n  jxs  crediting  the 
that  pueurafaiia  is  a  prompt  and  often  fatal  result  of  liemorr" 
the  lirain*     These  cases  undoubtedly  occur,  but  the  pneumi. 
evidentlv  only  a  secondary  result  of  the  obstructed  respirat 
circulation  in  these  cases.     The  lung  lesion  is  usually  mon 


DISORDERS  OF  THE  EEPLEXIS,  101 

(Tpostatic  congestion  thaii  a  pneumonia.  Fabre  referred  to  "  pneu- 
Dotda  of  nervous  origin/' due  to  a  lesion  of  the  puemiiogjistric  nerve, 
liich  lesion  may  be  due  to  tumors  of  the  mediii^tiDnm,  cesopLagus, 
f  aorta.  Such  theories  are  rather  fanciful— especially  that  of  Fernet, 
poted  by  Arnozan,  tliat  imenmoiiia  is  a  form  of  herpm^  which  is  a 
rophic  lesion  due  to  an  inflammation  of  the  pneuraogastric  nerve. 
Hypertrophy  of  the  heart  as  a  result  of  moral  affections  was  for* 
rly  claimed,  but  it  is  needless  now  to  say  that  such  a  theory  is  no 
inger  held,  and  that,  even  in  case  it  were  admitted,  such  an  hyper- 
iphy  could  not  be  regarded  as  a  true  trophic  lesion. 
Gastrointestinal  lesions,  especially  the  duodenal  ulcer  following 
live  bums  of  the  skin,  have  been  held  to  be  examples  of  trophic 
(Browu-Secpiard).  The  evidence  to  this  effect  is  not  satis- 
fy. 
Obnlenski  cut  ttie  Bi>emiatic  nerve  and  observed  atroi>hy  of  the 
te.^ticle.  Araozan,  after  citing  a  few  clinical  facts,  inclines  to  believe 
tliat  atrophy  of  this  organ  follows  leHious  of  both  the  central  and 
peripheral  ner\ous  system,  l>ut,  as  he  says,  the  subject  needs  further 
Btudy. 

On  the  whole,  it  cannot  be  srttiafaetorily  demonstrated  as  yet  that 
tumy  or  grave  troi>hic  lesions  occur  in  the  viscera  as  results  of  aflec- 
lioDs  of  the  nervous  svstem. 
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Disorders  of  the  Beflexes. 


The  physiology  of  the  reflexes  has  already  been  described  in  a 
ipiiocediDg  section  (page  34),  Their  pathological  significance  is  now 
te  be  noted. 

The  reflexes  may  be  either  exaggerated,  diminished,  or  abolished 
bjr  disease. 

They  are  exaggerated  by  those  diseases  that  cut  off  the  peripheral 
fiearous  from  the  inhibitory  influence  of  the  cerebral  centrea ;  conse- 
quently, fis  a  rule,  only  in  diseases  of  the  spinal  cord  and  cerebrum. 
For  instance,  an\'  lesion  gradually  formed,  or  auy  sudden  lesion 
utter  the  influence  of  tlie  primary  shock  has  passed  away,  in  any  part 
of  the  cerebrospinal  axis,  provided  the  motor  jiaths  from  the  cerebral 
cortex  are  involved,  will  cause  exaggeration  esi>ecia]ly  of  the  thep 
exes.  The  commonest  of  these  lesions  are  hemorrhage  in  the 
jmal  capsule,  involving  as  it  does  the  motor  pathway ;  degenera- 
lesions  in  the  pons  or  medulla,  such  as  bulbar  yvalsy ;  and  the 
destructive  lesions  of  the  cord,  such  as  syringomyelia,  menin- 
lyelitis,  lateral  sclerosis,  neoplasms,  and  traumata.  In  all 
the  deep  reflexes  that  have  their  seats  in  the  cord  hhw 
^a  are  exaggerated.     Such  reflexes^  however,  as  have  their 
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origins  at  the  hvel  of  the  lesion,  so  that  their  motor  neurons  an» 
involveil  in  the  destinictive  process,  are  abolished;  and  th*i8t»  tliml 
arise  abtwe  the  lei?ion  are  unaffected.  Thus  in  a  cm^e  of  c^nrkaU 
lesion  of  the  spinal  cord,  the  reflexes  in  the  arnis  mav  be  aboU^lMMi 
while  tlume  in  the  legs  will  Ije  increased;  but  in  a  case  of  lenioQ  erf 
the  Innibar  spine  the  arm  reflexes  will  Ije  normal,  while  the  liig 
reflexeis  will  prolmbly  l)e  diminished  or  abolished.  This  is  aimplj 
because  the  rctlexes  arising  at  the  seat  of  the  lesion  have  their  Heniiorjr 
or  motor  neiirnns,  or  both*  impaired  or  destroyed;  while  tho^e  ariii- 
ing  lx.'low  the  Ipsion  have  their  uenronB  made  more  excitiible  by  ln^iui; 
freed  from  the  inhibitory  inrtuence  of  the  cerebnim.  (For  a  full  tli«- 
eussiou  of  this  and  other  theories  t*f  the  i-eflexes,  see  page  34.)  It 
frillowi^  from  all  this  that  exaggeration  of  the  deep  reflexes  is  alino&t 
invariably  a  sign  of  central  disease.  Such  exaggeration  does  not 
arise  in  lesions  of  the  perijibeml  nervous  system,  and  this  i»  be- 
cause such  lesions  in  the  vast  majority  of  eases  im|iair  tlie  conduetixiic 
power  of  the  nen*es.  Exce[>titms  to  this  rule,  to  lie  sure,  have  been 
claimed  by  some  observers  to  occur  in  the  initial  stage  of  an  irrita- 
tive lesion  of  the  nerves.  For  instance^  it  is  said  that  exaggemtv^] 
reflexes  may  be  seen  occasionally  in  the  early  stage  of  |)eripberal 
neuritis;  this  is  claimed  to  be  due  to  irritation,  and  cousecjueutly 
incre-ased  conducting  power  of  the  peripheral  neurons.  But  it  is 
certainly  most  rare,  antl  I  for  one  do  not  recall  ever  having  seen  it. 
Pressure  ou  a  nerve  trunk,  when  this  pressure  is  temix)rarv  and  ia 
caused  for  experimental  purposes,  has  been  found  by  Bastiais, 
Vulpian,  and  others  (see  i)age  55)  to  cause  sometimes  erampa  in 
the  muscles  supplied  bj  the  compressed  nerve ;  but  this  is  evidenllj 
due  to  direct  irritation  of  the  nerve  trunk  and  is  not  a  reflex  phe- 
nomenon. 

Abolition  of  the  deep  reflexes  may  be  caused,  under  some  cirtrnm* 
stances,  by  shcK-k.  For  instance,  a  total  transverse  lesion  of  tlie  api- 
ual  cord,  caused  suddenly  by  accident,  such  as  fracture  of  the  spinal 
vertt^l>r!T%  will  cause  alxilitiou  of  the  deep  reflexes  that  arise  even  far 
below  the  seat  of  the  lesion  tBastiau),  Thus  a  middoraal  lesion  o^ 
this  kind  will  cause  abolition  of  the  knee  jerks.  So  also  will  a  laij^^| 
hemorrhage  in  the  intenial  capsule,  only  in  this  case  the  abolish^ 
knee  jerk  is  on  the  paralyzed  side  ahme.  In  such  cases,  if  the  pa- 
tient sun*ive,  the  abolished  reflexes  will  ultimately  return  and  became 
exaggeratetb  This  abolition  of  the  reflexes  lielow  the  seat  of  lesion, 
in  oaaes  accompanied  with  shock,  is  in  apparent  coutradiction  to  the 
law  already  laid  down;  yet  it  is  an  undoubted  clinical  fact,  and  muat 
be  accepted  as  such.  Its  exydanation  is  entirely  hypothetical:  the 
abolition  is  apparently  due  to  shock,  which  is  imparted  to  the  nan* 


k 


D180EDEKS  OP  THE   KEFLElEH.  103 

that  convey  the  reflexes,  and  in  some  way  paralyzes  them  for  a 
tine.  This  abolition,  due  to  shock,  luiist  evidently  be  carefully  dis- 
tingniiiheil  from  the  abolition  which  is  canaed  by  destructive  lesioris 
involving  the  so-called  "reflex  arc/*  /.e,,  the  peripheral  neurons 
themselves. 

The  reflexes  are  always  abolished  or  diminished  by  lesions  which 
impair  the  i>eripheral  neurons  through  which  these  reflexes  pass. 
This  is  a  rule  to  which  tliere  is  no  exception.  Consequently  this 
abohtion  or  diminutiuii  is  seen  in  all  diseases  of  the  spinal  cord  and 
nerves  that  involve  the  entering  peri]>heral  sensory  neuron  {nerve 
tmnk.  pcjsterior  ganglion,  posterior  root,  and  posterifir  columns),  and 
the  cell  bod>  and  axis  cylinder  of  the  peripheral  motor  neuron  (ante- 
rior horn,  anterior  rof>t,  and  nerve  trunk).  The  most  common  of 
theae  diseases  are  neuritis  in  all  its  ft^rmn,  locomotor  ataxia,  and  the 
rarious  degenerative  and  inflammatory  afleetions  of  the  anterior 
horns,  finch  as  anterior  i>oliomyelitis,  syringomyelia,  and  localized 
mveUtis.  In  the  last-mentioned  diseases,  of  cfmrse,  only  those 
reiexea  are  abolished  that  have  their  course  through  the  affected 
levels  of  the  cord.  It  follows  from  this  rule  that  abolition  or  dimi- 
nution of  the  deep  reflexes  is  a  common  result  of  all  destiuctive  lesiona 
af  the  peripheral  nervous  system,  but  that  it  is  not  entirely  confined 
to  such  peripheral  diseases. 

In  cerebellar  diseases  the  reflexes  are  variously  aff"ected,  but  the 
exact  reasons  for  this  are  not  at  all  clear.  In  ceretellar  tumors  the 
knee  jerks  may  disappear  and  then  reappear ;  this  is  probably  due 
tovariationa  in  pressure  beneath  the  tentorium. 

The  Buperfieial  reflexes  are  subject  to  practically  the  same  laws 
that  control  the  deep.  They  are,  however,  rather  of  positive  than 
f>f  negative  value.  In  other  words,  their  presence  demonstrates 
that  the  nerves  which  conduct  them  and  the  segments  of  the  cord 
through  which  they  pass  are  healthy,  but  their  absence  is  not  always 
satisfactorily  indicative  of  disease,  unless  it  in  confirmed  by  other 
symptoms.  This  is  so  of  some  more  than  of  otherH,  because  the 
superficial  reflexes  are  not  all  equally  demonsti-able  in  all  healthy 
persons.  The  cremast-eric  reflex  is  one  of  the  most  common  and  con- 
Btant,  but,  of  course,  is  peculiar  to  the  one  sex.  It  varies,  hf>wever, 
inhpalthy  men.  It  is  commonly  abolished  in  lesions  cjf  the  lumbar 
spine,  Init  not  so  commonly  in  multiple  neuritis.  Tlie  j^lanbir  reflex 
»8  not  readil^^  demonstrable  in  some  healthy  persons,  consetiuently 

absence  must  be  judged  cautiously.  The  same  may  be  said  of 
of  the  other  superficial  reflexes.  The  ocular  and  conjunctival 
%owever,  are  constant  in  all  liealthy  pei-sons;  consequently 
ition  or  absence  is  of  ivositive  value. 


104  LLOYD—CEREBBOSPIKAXi  AND  SYMPATHETIC  NERVEa. 

The  anal  and  vesical  reflexes  are  often  involved  in  lesions  of 
lumbar  region  of  the  spinal  cord,  but  not  commonly  in  raulti|ile  uen 
ritis.     In  middomal  lesions  they  may  be  exaggerated  e^irly  in 
ease  J  conseiiiiently  the  bladder  and  rectum  empty  themselves  by  j 
truly  reflex  involuiitiry  act.     In  destructive  lesions  of  the  lumbar  cord  1 
these  reflexes  am  abolished;  conse^iueutly  there  is  no  retlt^x  extnLsion 
of  the  urine  and  fieces,  but  these  esoai^  simply  l:»ecause  there  is  noi 
sufficient  resistance  offered  to  them.     This  e8cai>e,  however,  often] 
occurs  only  w  hen  the  bladder  aod  rectum  are  distended  with  thri 
eouteutn,  and  the  evacuation  is  unuall}  iDcomplete,     Li  case  of 
bladder  this  conHtitiit^^s  the  well-known  *"  overflow'*  j^henomeuoD,  ; 
is  usually  a  sign  that  the  vise  us  is  distended  with  urine.     This  iH 
also  true  of  the  rectum.     In  aiiv  isolated  lesion  that  involved  merely! 
the  nerves  to  the  l>latlder  and  rectum,  the^te  reflexes  would  of  courae 
Ije  abolished;  but  sut'li  is<ilated  lesions  of  tliese  ueiTes,  without  injurj] 
to  the  cord  or  cauthi  eqniua.  uiust  <K'cur  so  rarely  that  they  can  prai 
tically  l>e  left  out  of  account.     I  have  never  seen  or  heard  of  such  I 
case. 

The  methods  fnr  testing  the  varioiLs  dee]»  and  superficial  reflexfl 
have  already  been  described  iu  the  section  on  their  pihysiology* 

To  comdude,  the  two  chief  laws  underlying  the  pathology  of  th 
reflexes,  so  far  as  the  peripheral  nervous   system  is  concerned,  majl 
be  briefly  restated: 

1.  Exaggeration  of  the  reflexes  does  not  f>ccur  in  diseases  of  the 
|«^ri[>hejal  neivous  systeiu,     lirire  exceptiijus  are  noted. 

2.  Abolition  or  diminution  of  the  reflexes  occurs  very  commonly 
in  destructive  diseases  (»f  the  j^eripheral  uer%'ous  system,  but  is  not 
ctmfiued  to  them,  since  it  is  seen  iu  those  diseases  of  the  Bpinal  cord 
thai  involve  tlie  ciiume  m1  the  ]>eripheral  neurons;  also  in  central 
diseases  causing  shnck;  also,  for  some  obscure  reason,  in  some 
lesions  of  the  cerebenum. 

Disorders  of  the  Circulation. 

In  some  disorders  of  the  periplieral  nerves,  especially  destnictive 
lesions,  such  as  neuritis  and  section,  the  circuhitiou  in  the  afl'ecteJ^ 
limb  is  obvicaisly  involved.  The  pulse  rate  is,  of  course,  not  affected, 
but  the  vascular  tensit in  is  apiiarently  somewhat  impaired.  This  is 
seemingly  due  to  involvement  ni  the  v.'LSi>inntiir  system.  Thus  the 
parts  become  swollen,  even  tedematons,  nrul  tlie  rapilhiry  circulation 
is  evidently  at  fault,  Li  some  rases,  in  whicli  symjitoms  of  irritatioii 
of  the  nerves  are  present,  thi^  skin  nia.\  1h^  swnlleu  and  injec^ted,  |ire- 
Benting  tlie  plienomena  of  glossy  skin  or  pseudophlegmon,  alread.v 
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tecribed.     III  some  cases  of  long  standing  the  skin  may  be  mottled, 
the  arm  or  band  may  have  a  cold  and  lifelesn  ap[)earance.     Stime 
trophic  ie«ion)^  already  described  are  evidently  due  in  part  to, 
oriit  least  xnomMed  by,  the  weakness  of  the  capillary  circulation. 

Alteratioo8  iu  the  trmpe^'ofure  of  the  parts  may  occur,  and  are  evi- 
tlently  due  to  the  impairment  of  the  vasomotor  system.  According 
lo  Bijwlby/"  immediately  after  section  of  the  median  nerve  the  distal 
]Muts  become  suflused  with  lilood  and  hotter  to  the  toucli,  Mitcliell 
demonstrated  that  compression  of  the  ulnar  nerve  at  the  elliow  is  fol- 
lowed by  a  rise  of  temperature  in  its  area  of  tli.stributi*:tu,  bnt  this 
rifie  did  not  occur  if  a  tourniquet  had  been  previously  placed  on  the 
lirai'liial  artery.  This  seems  to  prove  that  the  elevation  t)f  temj>era- 
tore  is  due  to  a  paralysis  of  the  vaKomot^jr  system.  Bowlby  shows 
ttritiogly  in  a  table  the  effect  ujjou  tenij^erature  of  the  division  of  the 
ulnar  nerve.  Ei^,^ht  hours  after  the  accident  the  temperature,  taken 
betwreen  the  f*nirth  and  fifth  tinkers  (supi>lied  by  the  ulnar  nerve)  j 
wm1U)/2'  F.  ;  while  between  the  tirst  and  second  fingers  (which  area 
is  not  supplied  by  this  nerve)  it  was  9*J^  F.  This  difference  of  abtmt 
rremainetl  constant  despite  alterations  in  the  general  temjverature 
of  the  t»ody.  In  long-staniling  cases,  how^ever,  the  temperature  in 
the  affected  area  falls  remarkably,  and  the  ]>aiis,  as  already  said,  are 
livid,  Mottleil,  and  cold.  Hutchinson"  obsened,  in  one  of  his  re- 
ported cases,  as  great  a  fall  as  16"  as  compared  with  the  sijund  side. 
This  decline  in  temperature  seems  to  be  coincident  with  the  continu- 
lace  of  degeneration.  As  the  nei*ve  regenerates,  the  temperature 
Ik'Tailnally  comes  back  to  the  normal.  These  facts  prove  cnnchisively 
that  tlie  activity  of  the  circulation,  and  consef|uent  activity  of  the 
nutritive  functions,  are  much  impaired  by  nerve  wounds. 

DISEASES   OF  THE   CRAK^IAL   NERVES, 

The  Olfactory  Nerve. 

The  olfactory  nerve,  or  properly  nerve  filaments,  is  composed  of  a 
^ries  of  peripheral  neurons  which,  accfjrding  t(i  Jakob,  are  to  lie 
ooiifiidered  as  analogous  to  those  whose  cell  bodies  are  in  tlie  inter- 
vertebral ganglion.  These  special  sensory  cells  are  found  in  the  epi- 
tlielial  layers  of  the  olfactory  membrane.  The  axis  cylinder  is  an 
anmedidlated  fibre  running  to  the  olfactory  bull),  where  it  si>lits  up 
into  its  terminal  arborizations  about  cells  wliicli  com]>ose  the  glome- 
mli  nlfactorii.  These  |)erii)heral  sensory  neurons  are  analogf>us  to 
y^oommoD  sensory  neurons  in  the  earthworm,  as  demonstrated  by 
^Bbssek.     The  cell  bcnly  iu  the  earthworm  is  lodged  in  the  epithe- 
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liiim  of  the  skin,  with  a  very  short  deadnm  but  with  a  long  axifl 
cyliuLler  connectiiig  it  with  the  central  nervous  organn.  The  oeD 
bocUeft  of  the  olfactory  nerves  are  deeply  pigmented,  and  this  pig- 
mentation is  apparently  closely  identified  with  their  physiology. 
Thus  ID  the  rare  cases  that  have  been  obBerved  iu  wliich  absence  of 
this  pigment  has  been  seen,  alxilition  of  the  sense  of  smell  has  been 
the  prominent  symptom,  Hutchinson/' of  Kentucky,  for  instant'^, 
reported  the  case  of  a  negro  boy,  who  up  to  his  twelfth  year  ha<l  a 
normal  black  skin*  At  this  time  a  white  patc^h  ajipeared  near  the 
inner  canthiis  of  one  eye.  This  ptitch  gradually  enlarged,  so  that  in 
ten  years  the  Avhole  external  siii*faee  of  the  jjatient^s  Ixxly  was  devoid 
of  |>igment.  At  tlie  time  that  the  boy  l)egan  to  lose  the  ^kigment  in 
bis  skin,  he  began  idso  tfj  lose  the  sense  of  smell;  henca  the  inference 
seems  justifiable  tliat  this  loss  of  smell  was  de|>endent  upon  a  loss  <i 
the  pigment  in  tlie  epithelium  of  the  nasal  mucous  membrane. 

Althaus'"  relati3S  the  ease  of  an  albin<»  who  in  early  life  had 
difficulty  in  reading,  and  who  hite  in  life  hist  his  smell  and  taste 
gether.  The  iufereuce  in  these  cases  is  that  the  h>ss  of  pigment  in 
the  hair  and  skin  and  retina*  is  associated  w^ith  a  similar  loss  in  the 
epithelium  of  the  mucous  membrane  of  the  nose.  The  central  pot- 
tion  of  the  oIfact4:jry  apj>aratus,  lc,  the  olfactory  bulb  with  the  olfm*- 
tory  tract,  is  not  properly  to  l>e  consideretl  as  part  of  the  peripheral 
system.  This  olfactory  bull)  and  tract  ('(mstitute  in  fiict  a  process  of 
the  cerebral  hemispheres.  They  are  covered  with  a  cortex  of  pecaUar 
structure,  in  which  are  !odg*'d  the  cell  botlies  of  the  central  neurons 
which  communiuate  iu  turn  with  the  brain  cortex  (Edinger).  In  ih 
human  being  the  o!fa<^tory  lolie  is  much  atrophied,  and  this  ia  in 
accord  with  the  well-known  physiological  fact  that  in  man  smell  is  a 
sense  of  secondary   iraiM*rtaure, 

There  can  !je  no  doubt  that  the  functit>n  of  the  olfactory  nerves  ifl 
to  convey  to  the  brain  the  sense  of  odor.  It  hfis  not  always  been  con- 
sidered BO,  luHvever,  for  Mageotlie,  according  to  Althaus,  concluded 
from  Ids  experimcyts  on  dogs  that  smells  were  convey- ed  by  the  naaal 
branches  of  the  fifth  ]>idr  r>f  nerves,  and  that  the  first  nerve  waa  a 
structure  like  the  r>ineid  ami  jatnitarv  gbmds,  the  functions  of  which 
were  as  yet  unknown.  Bernard  inclined  also  to  this  view.  It  has 
l)een  objected  justly  to  !^rageudie's  experiments  that  they  were  made 
with  ammonia  and  strong  clieefle,  antl  that  these  substances  irritated 
the  endings  of  the  fifth  nerve.  Hence  the  reactions  which  he  observed 
in  Ids  dogH  were  not  dut^  ]>ro|iprly  to  excitatirm  of  the  sense  of  smelly 
but  to  irritation  of  the  trigeminal  nerves.     Later  physiological  exT>er- 

*The  pigmentsiry  layer  ja  iisimlly  dPB(:Til>ed  by  anatomists  as  pnrt  of  the  diarokl ; 
embr,vological!y.  however,  it  Itclotiga  to  the  retintk 
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iments,  notably  by  Seliiff  and  by  Vulpian,  have  proved  conclusively 
it  the  sense  of  smell  is  dependent  ui>on  the  lii-st  nerve.  It  is 
Lportant,  however,  to  distiDguinh  here  between  the  sense  for  acid, 
niter,  sweet,  and  saline  substances,  and  that  for  aroma  or  flavors, 
14  is  this  hkst  which  properly  constitutes  the  sense  of  smell,  and  it  is 
tldsalso  which  is  the  conti'ibution,  we  may  say,  of  the  sense  of  smell 
|o  the  aense  of  taste.  Althaus  has  chiimed  tliat  the  olfat*tory  nerve 
T^lxviids  specifically  to  the  application  of  electric! t}'.  This  is  in 
accord  with  the  law  of  electrical  reaction,  and  is  seen  also  in  the  optic 
and  aoditijry  nervas.  A  current  of  great  [jower  is  required  to  make 
an  impression  on  the  first  i>air,  and  this  strouK  current  so  affects  the 
liter  cranial  nerves,  esiiecially  the  fifth,  that  it  is  somewhat  diflicult 
to  distinguish  the  special  effect  upon  the  olfactory  nerve.  In  AJt- 
hnQS^s  patient,  however,  there  was  complete  paralysis  of  the  fiith 
pair,  so  that  man}  of  these  disturbing  influences  were  removed.  In 
tliis  ease  a  distinct  perception  of  a  phosphorus  smell  occurred  on  the 
AppUcation  of  a  current  **f  thirty-five  imirs  of  plates. 

Fur  the  proper  action  of  the  olfactory  nerves  the  mucous  mem- 
bmneof  the  nose  should  be  moist  ^  hence  anything  that  checks  the 
proper  secretion  of  mucus  in  the  nose  will  interfere  with  the  conduc- 
tion of  olfactory  impressions  along  these  sensory  neurons.  Excessive 
secretion,  on  the  other  hand,  especially  when  associated  with  swelling 
of  the  mucous  membrane,  will  also  interfere  with  the  proper  action 
of  this  nerve. 

Distiuct  or  isolated  diseases  of  the  olfactory  nerv^es  are  exceed- 
ingly rare.  The  function  of  the  nerv^e  is  sometimes  ait|>arently  abol- 
ished or  suspended  in  hysteria,  but  as  this  is  a  central  disease  it 
cannot  proi>erly  be  claimed  that  the  peripheral  neurons  are  involved 
in  such  cases. 

Tlie  olfactory  nerve  is  said  to  be  sometimes  congenitally  absent 
(Althaus),  Whether  this  claim  refers  to  the  peripheral  neurons  projier 
or  to  the  olfactory  bulb  and  tract,  in  not  plain.  Braschet,  quoted  l>y 
Althaus,  has  seen  this  congenital  anosmia  in  sevend  memljers  of  the 
same  &imily,  but  his  obseiTations  do  not  seem  to  have  been  fouutled 
tipoB  anatomical  studies.  Loss  of  ])igment  in  the  body  geuerally, 
and  in  the  olfactijry  epithelium  of  the  nose  especially,  has,  us  abeady 
*"*'\  been  associatetl  with  a  loss  of  smell. 

lammation  of  the  olfactory  ner\'e  ijroper  is  i>rtil)Rlil\'  of  <-xh'eme]y 

x?currence.     Althaus  calls  attention  to  the  singularity^  of  tliis  fact 

we  consider  the  frequency  of  optic  ueuritis.     The  latter,  as  is 

^own,  is  very  common  with  diseases  of  the  brain.     The  an^dngy, 

A  ever,   between  optic  neuritis  and    an    olfactory  neurit  i>s   uuder 

wiese  circumstances    is  not  very  apparent,  from  the  fact  that  the 
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connections  of  the  olfactorY  neurons  witli  the  brain  are  not  so  ei 
siv©  and  the  course  of  these  neurons  is  not  so  long  as  in  the  case  <»f  tbe 
optic  nerve,  Althaus  reports  a  case  of  appaTOnt  olfactory  neuritis 
occurring  in  a  banker's  clerk  alter  exposure  to  cold.  He  hatl  the 
symptoms  of  a  peripheral  nenritisj  such  as  numbness  in  his  feet,  and 
about  the  same  time  he  perceived  a  strong  smeU  of  phosphorus,  which 
persists!  for  six  weeks.  At  the  end  of  that  time  he  had  entirelv  lost 
the  sense  of  smell.  The  peroeptiou  of  odors,  Buch  as  of  ciimplior, 
valerian,  and  ether,  was  abolished,  but  the  patient  experienced  the 
U8ual  sensation  of  tickling,  choking,  and  lacrymatioii  when  ammonia 
was  presented  to  the  nose,  and  snuff  made  him  sneeze ;  hence  it  wba 
appart»nt  that  the  fifth  nen e  was  not  involveil.  This  patient's  tasta 
for  flavoi^  and  aroma  was  ako  alKvlishe^l,  but  not  that  for  sugafi  salt^ 
quinine,  and  aeid.  This  fiict  proved  that  the  sense  of  odor  is  anil- 
tegral  portion  of  the  sense  of  t^iste.  The  patient  died,  and  an  autopsy 
by  Ferrier  revealeil  the  naked-eye  appearances  of  neuritis  of  the  first 
^uiir  at  tlie  bjise  of  tlie  brain. 

Degeneration  of  the  olfactory  nei've  filaments  is  said  to  occur  in 
Rome  cases  of  liVomi>tor  ataxia  and  other  degenerative  diseases  of  the 
tvntral  nervous  system  (Herter).  It  is  possible  that  such  instances 
would  lie  reiK>rte<.l  more  fre*:iuently  if  greater  care  were  taken  to  ei- 
amine  the  first  pair  in  such  tliseases. 

Injuritvs  to  tlie  he*ul  are  undoubteiily  the  commonest  cause  of  im- 
|iairmeut  to  the  first  jviir.  Ogle**  has  collected  several  of  these  cases. 
Bhiws  ujHin  the  head  are  undonbteiUy  the  commonest  of  these  in- 
juries, lu  two  of  CVh*'s  ciises  rhe  blow  which  caused  the  anosmift 
was  on  the  oci*i[nit.  CV'*^  ^*a11=^  attention  t»  the  fact  in  this  connet" 
tion  that  a  blow  at  the  Ivick  of  the  skoll  is  not  nearly  so  likely  to  in- 
jur** the  jvirt  of  the  brain  imiueiliately  underneath  as  it  is  to  injure 
the  anterior  auvl  inferior  [H>rtions  whetv  the  olfactory  nerves  join  tie 
hraiiL  The  nvis^^n  for  thi?*  i*  thai  the  anterior  brain  rests  directlj 
xi\\m  the  KvutNs  tvf  the  s^ulL  X  blow  which  is  not  sufficient  to  injiue 
th^  anterior  bmiu  ^nerully  mav  r«till  i^nffice  to  tear  the  olfactory 
liervv^*  owiii^  to  their  siuall  sin*  ai>!  their  ilelicacj  of  stnictnre. 

Tuuit^rs  au^l  i^her  i:r\>tis  Wion?t  ;xt  llie  base  of  the  brain  or  about 
the  K^ik^  of  tht^  ivisial  i^aviti*^  .-^ikI  chnMwc  catatrrh  of  the  mucous 
iSKnwlw?iu*\  luj^v  i-aus««  iivjutv  to  the  olfsb.'li^rr  iierres  and  loss  of 
:Mnelh  Suv*h  b^i%ui!i  an*  av»<  tv^  caiites**  %^ih^r  s^ymptoms  which  ai«  still 
DGK^c^  prv>iuimnit  th^in  Iht^  atH^^tuvA  an^l  uwiy  ewn  ^lisguiBe  it. 

Exvvefe^ivv  sttiuutati%>ii  uia>   %ti>4tn>y   tempox^uilT  or  permanentiv 
Ibi^  s^^ttiiiiwtKt^e*^  i^f  iht*  iNlf^'%>r^    6env^     Ca^gv^  are  re^xirted  of 
»vf«%^^^^  aiKl  ^%xr*^ii»%n\  \x\  k>^^\\\^  \^imz  ihw  <leprived  of  th« 
>  cl  isjy^lL     Orwi^vH  •v  >—    •  •'-     *>e  ot  a  si^4diar  who  waa  oik* 
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jBiged  in  tearing  out  an  old  cesspool  and  was  tlms  exposed  for  a  long 
feme  to  aa  overiwwering  stench.  He  entirely  lost  his  sr nse  of  smell, 
lod  thirty -BLX  years  afterwards  the  anosmia  persisted.  Altbaus  sug- 
gests that  such  cases  may  possibly  be  owing  to  capillary  hemor- 
in  the  nenes. 

Hyperosmia  is  occasionally  seen  in  cases  of  insanity,  hysteria, 
uid  epilepej,  but  is  probably  a  central  rather  than  a  peripheral  affec- 
tion. 

The  h^eatmenl  for  all  these  conditions  is  not  very  satisfactory. 
In  surgical  cases,  in  which  the  injtiry  to  the  olfactory  nerves  is  direct 
iAImI  severe,  little  if  anything,  of  course,  can  be  done  by  medical 
treatment.  Strychnine,  when  apj>lied  directly  to  the  nasal  mucous 
membrane,  as  in  the  form  of  a  snnff,  is  said  to  increase  the  keenness 
of  the  sense  of  smell.  This  is  so  to  such  an  extent  that  snuff, 
ttmmonia,  and  other  active  agents  cause  jKiwitive  pain.  This  is  due 
prolmlily  in  jmrt  to  stimulation  of  the  lifth  uen^e.  Morphiue  on  tlie 
other  hand,  is  said  to  deaden  the  sense  of  smell.  In  the  hy|>erosmia 
of  epileptic  patients  Altbaus  injects  one-sixth  of  a  grain  of  acetate  of 
morphine  with  one-sixtieth  of  a  grain  of  sulphate  of  atropine  subcu- 
taneously.     He  claims  that  this  acts  satisfactorily  as  a  sedative. 

Electricity  may  !>e  emi^loyed  in  some  cases  of  anosmia  in  the  hope 
of  stimulating  the  olfactory  nerve  filaments.  This  agent,  however, 
does  not  cause  a  satisfactory  reaction  in  tliese  filaments  unless  a 
stoong  cuiTent  be  used,  and  such  currents  about  the  head  should  be 
osed  very  cautiously. 

The  Optic  Nerve. 

The  optic  nerve  and  its  nerv^ous  expansion  in  the  eyeball,  the 
rftina,  are  usually  considered  by  clinicians  as  pertaiuing  to  tlie  per- 
ipheral nervous  system.  Morphologically,  however,  this  view  is  iu- 
correct-  The  optic  nerve  and  retina  are  really  formed  embryologi- 
cftDy  by  processes  from  the  first  cerebral  vesicle.  While  the  diReasea 
of  this  nerve  will  lie  included  here  in  this  paper  amoug  x)erii>heral 
diseaeee,  it  is  necessary^  for  a  correct  undei-standing  of  the  anatfmiical 
relations  of  the  nerv^e,  to  study  it  briefly  from  the  embryological 
stiiudpoint. 

Yery  earl\"  in  embryonal  life  two  processes  are  budded  out  from 
the  primary  brain  vesicle.  Each  of  these  [jrocesses  forius  at  its  end 
a  cup-like  cavity  which  remains  in  connection  with  the  brain  proper 
by  a  stalk.  This  cup-like  cavity  is  formed  by  an  infolding  of  the 
epiblastic  tissue.  As  a  consequence  of  this  infolding  the  ojitic  vesi- 
presente  two  distinct  layers.  The  outermost  of  these  layers  is 
h  thinner  than  the  innermost.     This  outer  layer  soon  shows  a 
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defKiwit  of  fliirk  pigment  and  forms  the  f  titore  pigmentary  layer  of  1 
r^iiiiji*  The  innermost  of  the&e  layers  is  much  thicker  and  forms  i 
r(^tiua  proj)or.  With  id  this  retina  are  developed  those  numerous  j 
ooni]»ru'ated;i6n'ous  stmctiires  whieh  will  be  briefl}-  described. 
Tiui  optic  v*>sicle  is  the  foundation  of  the  eyeball  orgl^^be. 
optic  vesicle  includes  in  its  open  cuplike  orifice  a  round  hodv,  wl 
forms  the  crystalline  lens.  The  other  structures  of  the  eye, 
the  tiboroidj  irin,  cornea,  etc,,  are  formed  from  raesoblastic  tiss 
The  Iiistory  of  their  complex  development  need  not  be  followed  ■ 
AcconliiJ^f  to  Piernor'^  this  nervouH  tunic  of  the  eyelmll,  regarded  i 
ilus  li^ht  tif  tltB  iiBw  views  <^f  the  retiim  as  based  upon  investigatio 
of  Tartu feri,  GoI|^i,  Cajal,  Dou^iel,  Retzius,  His,  and  others, 
be  ptacctl  in  the  Maine  categt*ry  with  the  remaining  cnnis  of  t!ie  ejn 
but  must  bn  ctiiicethHl  a  mnrphoh>gical  position  of  far  greater  dignilj 
and  iniiiin'taiico.  Piersol  says  truly  that  the  retina  is  a  true  nervo 
ceutn\  anil  tliat  it  in  really  a  portion  of  the  central  nervous  syst* 
sihiaUul  at  tiie  p«»riphery.  Following  this  author  we  can  regard i 
n^tinal  tnirl  or  tunic  as  extending  from  the  entrance  of  the  optic  mr 
piKsttMiorlv  rws  fnr  fi>rward  ils  the  pn|ullary  margin.  Ah  already  saiij 
the  i>»tiiia  j^ropor  tnaisists  of  im  inner  and  an  outer  lamina  and  tliei 
i^^pnvHt^nt  the  uutHpially  develoj^  layers  of  the  original  optic  vai 
cKv  Tl»e  Kmivv  hiuiin!^  iHMistitut-es  tlie  pigment  hvver,  which  is  m 
all>  dt^^^crdHHl  as  U^longing  to  the  chon>id  but  which,  aecortliiig  I 
t^ml^ryoU^y,  must  U^  rt^inleil  a?^  \^\Yi  of  the  retina  proper,  all  \)em 
formiHl  fi\Mn  epiblfistic  tissue.  To  the  inner  or  thicker  lamina  belong 
nil  the  other  layers  of  the  retitia.  The  inner  layer  is  further  suV 
divitlfH)  by  Si^hwalU\  ^uoUhI  by  Pietsol,  into  the  neuroepithelial  and 
the  ^vivbral  U\  er.  In  orvler  to  understand  these  anatomical  elements, 
whh^h  ^n'*^  of  gn\il  bmnvrtsUHV  fn.^m  the  standjxunt  of  the  neufo- 
|^tho)%>:isU  Uu\\  uw*\  W  tskbuUuxL  at*  has  been  done  by  Kersol,  w 
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But.  The  latter  in  fact  is  a  true  supporting  neuroglia,  wliit'L  ap- 
naa  a  reticular  framework  composed  of  columnar  segments  along 
fibres  of  Miiller.  These  extend  through  the  entire  thickness  of  the 
and  constitute  the  structures  known  i\ti  the  external  and  in- 
lioiitiDg  membranes.  For  our  present  accurate  knowledge  of 
tetina  we  owe  mueli  to  GoIgi*fi  silver  stain  and  to  the  reBcarches 
on  y  Cajah  The  importance  of  these  oliser^'ations,  as  pointed 
by  Piersol,  lies  especially  in  the  establishment  of  the  broad 
frem  so  often  advocated  in  this  paper  of  the  independence  of  nerve 
and  their  extension  as  axis  cylinders.  In  the  retina  as  in  all 
other  portionjs  of  the  nervous  system  the  nerve  cell  is  an  intlefieudent 
ftnatomieal  unit  and  does  not  end  in  a  common  netwcjrk  or  by  actual 
imion  with  other  cells.  As  in  other  portions  of  the  nervous  system, 
the  distinction  holds  also  in  the  retina  l>etween  a  set  of  [leriidieral 
neoBJiLH  and  a  set  of  centi'al  neurons.  Only  in  the  case  of  the  retina, 
m  mil  l*e  seen,  these  i>eripheral  neurons  have  exceedingly  short 
counies  and  are  included  ahnost  entirely  in  what  may  l>e  considered 
the  [peripheral  structures  of  the  retina. 

The  first  or  outer  layer  of  the  retina,  as  already  said,  must  be  con- 
^RiJered  the  pigment  layer.  Next  come  two  stratii  which  constitute 
liheDeuroepithelial  layer.  The  first  of  these  is  the  layer  of  rods  and 
nones,  tlie  latter  the  external  nuclear  layer.  These  rods  and  cones 
fire  the  visual  cells  i>roj>er.  The  rods  terminate  in  little  knobs,  which 
\m  embraced  by  the  arlxirization  of  the  bii>o!ar  nerve  cells  of  the 
:  outer  gangli<mic  layer.  The  cone  cells  terminate  l)y  expansions,  which 
Ure  in  contact  also  with  the  bipolar  cells.  These  bi])olar  cells  are 
ithu  trae  peripheral  sensory  neurons  of  the  retina— in  other  wcDrds, 
I  they  constitute  pro]»erl\^  the  peripheral  neiTous  s\'steni  of  the  organ 

K  sight.  They  are  not  of  equal  length  but  they  extend  to  various 
-vfels  in  the  la3^ei>4  of  the  retina.  The  central  expansitms  of  these 
lipolar  ganglionic  cells  come  ultimately  into  ch)se  relatif>ns  with  the 
fcfjer  seated  set  of  nerve  cells,  which  constitute  pro]>erly  the  central 
seMory  neurons.  These  central  sensory  neurons  send  out  in  turn 
Img  axis  cylinders  which  go  to  form  the  optic  nen^e. 

Ill  addition  to  these  elements  in  the  retina  Cajal  lias  demtmstratcd 
certain  horizontal  or  baaal  cells  in  the  extornal  i)lexiforin  layer,  the 
processes  of  which  ramify  ab<mt  the  individual  cells.  The  function 
nt  these  has  not  iieen  perfectly  demonstrated.  It  is  thus  seen  that 
the  optic  nerve  is  develojM?d  by  the  grtmi-h  of  the  axis  cylinders  of 
ih  nerves  of  the  deeper  ganglionic  layer  in  the  retina.  In  the 
erabno  these  grow  brainward,  taking  their  course  throuf;li  the  optic 
«hJl£,  which  has  already  been  descril>ed  as  a  i>art  of  the  primary  optic 
i  mkh.    As  Byder*'-*  has  pointed  out,  the  optic  nerv^e  is  thus  devel- 
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o|;>ed  independently  of  the  optic  stalk — in  fact,  the  optic  stalk  sei 
simply  aB  a  tract  or  pathway  to  conduct  these  growing  embryonal  aril' 
cylinders  towards  the  points  of  their  termination  io  the  brain.  Tk 
optic  stalk,  according  to  Kyder,  is  broken  down  in  the  course  of  dfr. 
velopment.  According  Uj  Cajal^s  researches,  in  addition  t-o  these  askf 
cylinders  growing  centrad,  ceiiaiii  other  fibres  also  exist  growing  from 
the  brain  into  the  retina.  The  course  of  the  true  optic  fibres  tltruugl 
the  optic  nerves  and  optic  tracts  is  well  known  and  easily  ilemonstrated* 

The  course  of  the  optic  fibres  from  the  retina  to  the  brain  mav  he 
divided  into  three  sections,  namely,  the  optic  nerve,  the  optic  chiasm, 
and  the  optic  tract. 

The  optic  nerve,  leaving  the  eyelmll,  passes  backwards  through 
the  orbit  and  gains  entrance  in  the  skull  by  the  o[>tic  f(*ramen.  Ite 
relatitms  Ui  the  other  nerves  of  the  orbit  are  briefly  as  foDows ;  It  Uea 
to  the  inner  side  of  the  tliird  ner\^e  and  just  above  that  nerve.  It  ia 
crossed  by  the  fouHli  nerve  and  hy  the  ophthalmic  di\ision  of  the 
fifth.  The  sixth  nerve  piLsses  well  to  its  external  side.  Within  the 
orbit  the  nerve  lies  freely  eraliedded  in  connective  tissue,  fat,  and  the 
various  rauscles,  nei^ves,  and  blond- vessels  of  the  part.  It  leavers  the 
orbit  hy  the  optic  foramen  in  the  sphenoid  bone  and  passes  at  once 
into  the  optic  chiasm. 

The  otitic  rhinsin  lies  upon  a  narrow  groove,  called  the  optic  grt«)VB 
of  the  spheuf>id  bone.  This  chiiistn^  or  commissure,  is  formed  by  the 
junction  of  the  t^vo  oi)tic  nerves.  It  is  consequently  the  meeting 
place  and  the  p<iint  of  various  courses  and  departures  of  the  fibres  of 
the  optic  nerve.  The  chiasm  is  flat,  somewhat  quadrilateral  in  form, 
or  of  tlie  shape  of  a  letter  X.  The  fibi^es  of  the  optic  nerve  within  it 
are  arranged  as  fnllows: 

The  fibres  from  each  nerve  entering  the  chiasm  pursue  three  dis- 
tinct Courses.     A  few  i>ass  directly  across  and  into  the  oi>tic  nerve  of 
the  ojiposito  side.     These  evidently  unite  the  retinm  of  the  two  eyes* 
The  larger  portinu  of  the  optic  iibres  decussate  with  their  fellows  ol 
the  opposite  side  and  jiass  ou  into  the  optic  tract  of  the  opposite 
side  towards  tlie  brain.     The  third  set  nf  fibres  continues  into  the  optic 
tnict  of  the  same  side.     The  chiasm  contain'*,  moreover,  a  fourtii 
set  of  fibres,  which  pass  from  one  tnK*t  to  the  otlier,  a|))>arently  con- 
necting the  visual  centres  of  ench  side  of  the  brain.     It  thus  ap  — 
that  the  chiasm  is  the  meeting  place  of  four  sets  of  fibres,  thi 
wliich  are  axis  cylinders  of  the  central  sensory  neurons  of  the  n 
The  importance  of  this  arrangement  of  fibres  in  the  chiasm  cann 
underestimated  from  a  pathological  and  diagnostic  standpoint. 

The  optic  frart  is  in  reality  only  the  continuation  !>ackw^ards  ot 
fibres  of  the  optic  nerv^es.     From  the  arrangement  of  these  fibre 
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cMasm,  however,  it  has  now  been  matle  apparent  that  the  optic 
let  does  not  contain  identically  the  same  fibres  as  the  optic  nen^e 
the  opposite  sidej  bnt  that  each  ti'act  contains  fibres,  first  from 
*  return  of  the  same  side,  second  from  the  retina  of  the  opposite 
ide,  and  third  from  the  other  optic  tract ;  therefore  the  optic  tract 
nut  to  be  considered  as  a  mere  ccmtiniiation  of  the  ojitic  nerve  of 
B  opposite  side.  Leaving  the  chiasm,  the  optic  tract  passes  back- 
lanls  in  the  form  of  a  ilattened  band  and  wiudn  across  and  around  the 
Older  surface  of  the  cms  cerebri.  In  its  course  it  divides  into  two 
Imaclies,  which  conduct  its  fibres  to  the  corpus  geniciilatum,  the 
iQipora  ciumlrigemina,  and  the  ojitic  thalamus.  Within  these  parts 
■tte  visual  sensory  neui'*>ns  termiuate  l>y  aljorizatirms  artJimd  gan- 
ilionic  cells,  which  form  various  nuclei  or  pass  Imckwards  towards  the 
listial  centre  of  the  occipitfd  lobe  of  the  brain*  The  main  [loint  of 
iistribution  of  the  optic  nerves,  however,  is,  accr^rding  tcj  Edin^er, 
fbe  rtiof  of  the  midbrain,  in  those  eminences  called  the  corpora 
iqoadrigemina.  Edinger  really  calls  the  (|uadrigeminal  bodies  the 
[►oint  of  otujm  of  the  uptic  tibres.  But  our  more  recent  kiiowledge 
iiej^atives  this  view.  The  origin  of  an  axis  cylinder  must  be  in  its 
edl  IkkIv,  t,e.,  in  this  case  in  the  retina.  The  fibres  end  here  appar- 
enily  LD  a  fine  netn^ork  formed  of  their  arborizations  around  numerous 
ddicate  cells.  The  further  minute  anatomy  of  the  optic  tracts  within 
the  brain  does  not  concern  us  here,  as  we  are  engaged  i^  the  study  of 
the  ilisefises  of  the  optic  nerve  proper. 

The  end  of  the  optic  nerve  at  its  junction  with  the  retina  antl  the 
vettiyi  itself  may  be  Bubjei*ted  to  direct  ^'isual  examination.  In  this 
iwpeci  this  nerve  offers  an  o|>portiinity  to  the  cliniciati  that  is  not 
found  in  any  other  nerve  of  the  body  without  dissection.  Upon  in- 
fpectiou  by  the  ophthabnoscope  the  eye  ground,  as  it  is  called,  presents 
a  definite  jianorama.  The  most  conspicuous  object  in  the  eye  ground 
18  the  optic  disc.  This  is  the  commencement  of  the  o|)tic  ner\^e 
pmp^r.  It  is  a  small  somewhat  oval  <lisc,  o(  lighter  color  than  the 
Bnmiimding  eye  ground  and  situated  towards  the  inner  or  nasal  side. 
Badiating  from  about  the  centre  are  seen  the  blood-vessels  of  tlie  eye 
gmimd.  These  consist  of  an  entering  aiiery  and  an  emerging  vein. 
The  artery  is  smaller  in  size  and  less  tortuous  than  the  vein.  It  also 
diffftiB  from  it  in  color,  being  of  a  paler  hue.  It  divides  upon  enter* 
ing  the  eye  into  a  numlier  of  branches,  principally  ascending  iiud  de- 
wending.  These  can  Vie  traced  far  out  upon  the  eye  ground  i>ro|ipr, 
IJmdiifdly  dividing  and  subdividing  into  innumerable  branches, 
TL*»  centrail  portion  of  the  eye  ground  is  less  richl\'  supplied  with 
tliefte  branches,  than  are  the  u[>per,  lower,  and  iuoer  segments.  The 
optic  vein  is  larger  and  of  a  deeper  color  and  more  tortuous  than  the 
Vol.  XI.— 8 
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arter3\     Its  area  of  diatribution  ei>rre8poiids  closely  witli  that  of 
ai*ter\'.     Am  itn  numerous  branches  converge  towaxda  the  diBC  the 
unite  and  jmihh  outwards,  disappearing  from  view  in  the  Biuall  cm>lilrg1 
depression  at  the  centre  of  the  disc.     Around  the  borders  of  the  op 
disc  is  usually  seen  u  more  or  less  complete  and  distinct  rim  of  ] 
ment.     Thin  is  due  to  a  slight  ex i>osure  at  this  iH>int  of  the  pi^Jnentj 
layer  of  the  retina.     The  eye  ground  itself  is  of  a  bright  pinkish  ( 
red  hue,  sruuewhat  stippled  in  ai>pearance. 

The  optic  diHC  forms  really  a  slight  papillary  eminence,  he 
called  sometimes  the  optic  papilla*     It  is  composetl,  as  already  i 
largely  of  the  converging  axis  cylinder  of  the  central  sensory 
Toim  emerging  from  the  deep  ganglionic  la\'er  of  the  retina.     The 
pass  out  at  the  disc,  Ijeing  closely  bunched  together  as  it  were,  hen 
forming  ttie  papilla.     Where  they  pass  outwards  from  the  disc  tha 
aggregate  mass  at  once  constitutes  the  commencing  optic  nerve. 

In  the  centre  of  the  disc  a  deep  cup-like  depression  exists,  ca 
the  pliYsiological  excavation.     This  results  from  the  disposition  I 
the  emerging  axis  cylindei*s,  which  as  they  re^ich  the  disc  liend  an 
dip  down  in  large  bundles  more  or  less  close  to  the  perijihery. 
the  centre  of  the  optic  nerve  are  Heeu  the  retinal  vessels  alrea<^ly  < 
scril.)ed. 

The  |>hysiological  excavation,  eo  called  to  distinguish  it  from  th 
produced  l»y  jj  patiiological  jjrocess,  is  usually  in  the  centre  of  the  dia 
It  is  deefjer   in   some  eyes  than  in    others,  and   in   those  cases 
which  it  is  deeper  the  walls  are  steeper.     On  longitudinal  sectioD  ( 
the   optic    nerve   and   retina   at  their  ]K>int   of   junction,    the   pi 
present   the   following    ap]>earauce.     The   choroid    and    retina 
abruptly  in  order  h)  form  the  orifice  through  which  the  nerve  fibn 
escajie.     The  sclera,  or  outer  coat  of  the  eye,  apjiarently  l^econ 
continuous  or  l>lended  with  tlie  outer   sheath  of   the   nerve,  wl 
is  truly  a  prolongation  of  the  durii  mat<?r.     Within  this  outer  she 
are  the  araclinoiihil  and  pial  sheaths,  the  former  extending  as  afol 
almost  to  the  point  of  emergence  of  the  nerve.     Some  fibres  of 
scleral  cont,   cunstitiitiug  a  sort   of  feltwork  or  lattice  work,  int^f' 
hii'ing  with  the  uervi*   fibres,  extend  acr<iss  and   through  the  eptid 
nerve  just  after  its  i^mergence  hum  the  disc.     These  constitute  til 
lamina  cribrosa.     These  Bbres,  or  trabecule,  support  IjlfXHl-vesseh, 
HO  that  l>y  this  arrange  ment  tire  optic  iieiTe  at  the  base  of  the  paj 
hai4  an  excel itionally  rirh  vascular  supjUy.     These  vessels  coustit 
an  inii>ortant  comnnuiication  Iwtweeu  the  ciliary  and  retinal  vessel ' 

Oh  transvei'se  section  the  o^^tic  nerve  is  seen  to#be  compo* 
of  ii  large  nuiiilier  of  ImiKlles  of  Tierve  fibres.  Each  one  of  th 
bundles  contains  a  large  number  of  uiedullated  nerve  fibres.     Thfl 
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buiiilleM  am  closely  packed  tcigethei\  and  are  Iield  by  an  iiiti-afascicu- 

lar  connective  tissue  whicij  also  supporte  numerouH  blood-vessels. 

This  tissue  is  a  prolongatino  of  the  jiia  mater;     The  outer  sheath  of 

optic  ner^e  in    a  pruloii^atioii  of   the   dura   mater.     Its   inner 

arp  likewise  proloiigatioiiH  first  of  the  arachnoid  and  then  of 

pid,    TLege  enclose  lymph  spaces, 

Tlie  fiptic  nerve,  aect>rding  to  Monro,  *^  must  l>e  regarded,  as  al- 
V  eifJaiued,  as  part  of  the  central  nervous  mass,  being  developed 
as  an  i irdinary  |>eriijheral  nerve  but  from  an  ou thudding  of  the 
forebrain,  ]Mouro,  in  fact,  regards  it  as  comparable  to  the 
rior  column  of  the  spinal  ei>rd.  This  is  an  imixjrtant  theorem 
a  pathologicjd  as  well  as  an  anatomical  standpoint,  i>ecause  this 
is  extremely  likely  to  uudergo  degeneration  in  some  of  the 
'8  that  invulve  the  spinal  c(»rtl. 
Tte  entire  numl*er  of  nerve  fibres  withiu  the  optic  nerve,  accord- 
to  Piersol,  has  }men  variously  estimated.  The  estimates  ol 
r  and  of  Kraiise  j)lace  this  nnmlx*r  at  about  four  hundred  find 
ity-fivo  thousand.  Piernol  also  calls  attention  to  another  evi- 
of  the  close  analogy  existing  between  the  retina  with  its  stalk 
ind  the  central  nervous  syeteuj.  This  is  found  in  thti  fact  that  the 
uis  cylinder  in  the  ftn^mer,  just  as  in  the  latter,  are  devoid  of  a  true 
flearilemma,  the  nie<lulhited  tibres  being  held  in  i>lacfe  by  neuroglia 
BUpjRirting  substance.  The  investigations  of  Cajal  and  othera 
Aow  conclusively  the  presence  of  large  neuroglia  cells  within  the 
supporting  tissue  of  the  optic  fibres.  The  axis  eylinders  of  the  o|itit3 
nerre,  as  already  stated,  are  jiiedullated ;  but  they  do  not  receive  this 
white  substance  of  Schwann  in  the  retina,  but  only  on  emerging 
through  the  lamina  cribrosa.  It  is  this  fact  that  accounts  for  the  iu- 
creased  size  of  the  optic  nerve  immediately  after  its  emergence  from 
the  eyeball.     The  notles  of  Sanvier  are  wanting. 

In  cfvnsidering  the  physitjlogy  of  conduction  of  visual  impres- 
sions along  the  t>ptic  nerve  and  optic  tracts  ife  is  necessary  in  ]>ay 
es[>ecial  attentitiu  to  the  course  of  the  o]ttic  fibres  within  the  chiasm. 
Eat'h  optic  tract  ctmtains  fibres  not  alone  from  one  eye  but  from 
half  of  the  retina  of  each  eye,  and  these  halves  are  on  the  same  side 
of  tte  eye  as  the  individual  otitic  tract.  For  instance,  the  right  optic 
tract  contains  fibres  from  the  right  half  of  the  retina  of  the  right 
eve  and  from  the  riglit  half  of  the  retina  of  tho  If- ft  eye.  These 
two  halves,  however,  are  not  erjually  represented  in  each  tract,  l)e- 
catise  the  decussating  fibres  are  more  numerous  than  the  non-decus- 
sating fibres,  therefore  each  optic  tract  re]>resenfs  a  larger  poi- 
tion  of  the  retina  of  the  o]>posite  eye  than  of  the  eye  on  the  same 
iide-    Thus  the  right  optic  tract,  conducting  fibres  froni  tlir  right 
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or  OEBal  half  of  the  left  retina,  rei>reseiits  a  larger  field  in  that 
iua  than  it  does  in  the  right  retina,  in  which  it  reprei*eiits  a  si 
field  on  the  right  or  temporaj  side.     The  reason  for  this  is  that 
nasal  half  of  the  retina  covers  a  larger  field  than  the  temporal 
and  this  is  because  the  nose  tends  to  limit  the  range  of  visioD  to^ 
the  median  line  of  the  body. 

As  a  consequence  of  the  anatomical  relations  of  the  optic  fibres 
the  chiasm,  lesions  of  the  optic  nerves,  of  the  chiasm,  and  of  theoptifi 
tract  give  different  effects.     These  effects  are  as  follows : 

A  total  transverse  lesion  of  the  optic  nerve  causes  complete  blijMt 
ness  of  the  eye  on  that  side. 

Lesions  of  the  chiasm  produce  various  effects  according  to 
location  and  exteut.  A  lesion  of  the  anterior  portion  of  the  chiasiii^l 
if  it  involves  the  decussating  fibres  from  each  eye ;  wiO  cause  bHudnea 
in  the  nasal  half  of  the  retina  of  each  e\'e,  but  as  this  half  of  the  retiui 
con-esjionds  to  the  opposite  visual  field,  the  blindness  will  be  iaeack 
temporal  field.  In  making  this  distinction  it  is  necessary  to  recall 
that  the  nasal  half  of  the  retina  represents  the  temporal  half  of  tto 
visual  field ;  and  rice  vrrm,  the  temporal  half  of  the  retina  represents 
the  niusal  hiilf  of  the  visual  field.  Consetiuently  a  lesion  of  the  ante- 
rior portion  of  the  chiasm,  just  referred  to,  produces  bilateral  tem- 
piu'al  liemianopsia.  Again,  a  small  strictly  limited  lesion  of  one  sidd 
of  the  chiasm,  involving  im  it  wijuld  only  the  fibres  from  the  tempfjnil 
half  of  the  retina  at  that  side,  wtvuld  i produce  blindness  of  that  li»H 
only.  For  iostaneo,  such  a  lesion  on  the  right  side  would  im^dooe 
blindness  oi  the  right  or  temporal  half  of  the  retina  of  the  right  side, 
whirh  Ci>rre.spotKliiig  to  the  nasal  half  of  the  visual  field  would  bei 
right  unilnteral  nasal  hemianopsia;  nW  tT/',**f7,  such  a  lesion  on  fiit 
left  Hk\v  \vi>uld  ]*nidiuH>  a  left  nasal  hemianopsia.  Again,  a  lesion  d 
the  pt>stortiTr  and  median  portion  of  the  chiasm  would  intercept  tto 
dwussatiiig  fibres  froru  the  nasal  half  of  each  retina  and  would  &m^ 
qtiiHitlv  proilmv  lih'mbiess  in  the  temporal  lialves  of  each  vismvl  field; 
iu  other  wonls.  a  bilateral  temporal  hemiano|»sia.  Just  as  has  beeO 
deserilHHl  for  a  h^sinu  intruding  ui^m  the  chiasm  from  in  front 

BiiiHsal  hemi/oiopsia,  by  which  is  meant  a  blindness  in  the  tem- 
^x»ml  half  of  each  n'tiua  with  convs|Kmding  loss  of  vision  in  thfi 
nasal  tialf  of  each  fit*ld.  is  a  vor>  mrt*  comlirion.  Ve-asey"*  hi 
c^>nlcd  sueli  a  oas*^  iu  n  wiunau  with  olwcure  nervous  symptoms, 
with  evi»-git»undH  somewhat  suggestive  of  Bright's  disease.  He 
^evie^\^  the  litemtun\  fn^iu  which  it  a]»iieai*s  that  the  patholo|, 
the  condition  in  all  cii**!^  has  not  \^y\\  jj^atisfiH-torily  determined, 
one  case  a  tuuior  of  the  thinl  ventricle  was  found,  and  in  anoth« 
tumor  nf  th<^  een^Unum       Iu  I  ho  latter  case,  however,  a  menin 
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was  fouiid  about  the  chiasm.  This  rare  form  of  henaianopsia 
Dbably  always  JeirnDtL*  ni*ou  a  bilateral  lesion  of  the  optic  nerves 
i  front  of  the  chiasm)  involTing  the  fibres  to  the  temporal  halves  of 
retinae  Such  a  lesion  may  be  due  to  svphilis.  If  it  occurs  in 
of  brain  tumor  we  must  believe  that  the  optic  neuritis  caused 
neoplasm  may  lie  only  parti i^d  in  each  neiTe  and  may  be  sym- 
^trieallv  distributed. 
Finally  a  tottdly  destructive  lesion  (jf  the  chiasm  iuvolving  all  the 
from  both  eyes  would  produce  blindness  in  both  eyes,  namely, 
ftterul  total  anopsia. 

A  total  destructive  lesion  of  the  optic  tract  produces  still  cliffer- 
i  effects.  As  this  tract  conducts  fibres  from  the  same  half  td  each 
the  blindness  would  be  in  the  half  of  each  retina  on  the  same  side 
tu  the  visual  trat^t  affected-  Hence  a  lesion  of  the  right  optic  tract 
Ifoaltl  produce  blintlness  of  the  right  haK  of  the  retina  of  the  right 
Uye,  and  of  the  righl  half  of  the  retina  of  the  left  eye;  consequently 
I  left  half  of  the  visual  field  for  each  eye  would  l^e  affected.  This 
i called  a  left  homonymous  hemianopsia;  vice  I'ersa,  a  lesion  of  the 
1  kit  optic  tract  causes  a  right  homonymous  hemianopsia. 


Congestion  of  the  Optic  Nerve, 

Pathology. 

Tlie  diseases  of  the  otitic  nerve  may  Ije  classified  as  congestion, 
primary  atrophy,  and  inflamiuatiou. 

The  »fjmpiotfW  of  congestion  of  the  optic  uerve  visilile  !>y  the  oidi- 
ihalmoscope  are  an  inereasefl  color  and  a  swelling  of  the  disc.  This 
color  is  best  described  as  l>rick  dust.  The  swelling  causes  an  oblit- 
mtion  of  the  cHstiuet  outline  of  the  disc,  so  that  it  is  dilKcult  to  dis- 
tingmsh  actively  its  niargiu  from  the  general  col(»r  of  the  eye  ground. 
The  veins  also  are  umisually  full  and  tortuous.  This  condition  is 
Botoetimes  diffit-ult  todistiuguish,  and  its  value  as  a  cUuical  svmptom 
Ctotmually  l)e  determined  only  by  an  expert  ophthalmoh^gist* 

De  Schweinitz  gives  the  ff allowing  as  the  chief  num-s'  of  congestion : 
(d)  Errors  in  refraction,  especially-  hypermetropia  anrl  hypermeti"o|uc 
wtigmatism ;  (i)  Occupations  which  expose  their  subjects  to  intense 
gUre  and  heat;  (c)  Toxic  agents,  as  tobacco,  alcnhob  and  lead; 
(d)  8orae  diseases  of  the  eye,  as,  for  instance,  infiauunation  of  the 
iris;  (e)  Disorders  of  the  brain  and  sfiinal  cord;  {/)  Heart  disease, 
violent  cough,  and  any  cause  that  pi-oduces  engorgement  of  the  brain, 
*8i  for  example,  epileptic  fits. 

With  reference  to  these  several  causes  it  may  be  said  that  dis- 
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ortlers  of  tlie  hniin  and  Kpiual  I'ord  are  HiiioDg  the  moist  ]iii|)orttiiit 
Observjitin]i8  Imve  lx*eii  miule  eHjiecially  iu  the  variuitH  fonu8  uf  ift- 
Banity.  Oi)iDion.s  differ,  howcner,  *ia  to  the  freiiueiiry  or  imfxirtaztcse 
of  congestion  of  the  o|itic  itisc  in  iunanity .  Some  iititlioriticjci  liave 
even  faileil  to  ob?^erve  it  nt  JilL  Albutt,  quoted  by  De  8c*hw«nutl2^ 
has  found  the  ilirtCH  hypenemir  iu  nniuia,  but  sometinieH  the  apiMJuitd 
condition,  anteniia  of  thn  dines,  Inks  hevn  olj^ervecL  Albntt  niited  am* 
gestion  more  fmcpiently  in  thronif  dementia.  Ljiuteulwich."  in  an 
extensive  «tuily  of  more  than  swen  himcbed  insane  patients)  in  varioua 
forms  of  insanity,  chiimod  that  he  had  noted  eongefition  of  the  retina 
in  as  many  jih  forty  f>er  cent,  of  liis  juMite  cRnen,  but  this  percentage 
is  probably  fur  higher  than  would  be  established  by  all  obKer\^ra, 
In  some  comlitious  of  simfile  brain  disorder  iu  whi(*h  atrophy  of  tli« 
optic  nerve  is  finally  established  a  prtveding  stage  rjf  hy|K^ra»mia  him 
been  observed  by  All>utt  and  others.  De  Hehweinitz,  however*  failed 
to  observe  true  congestion  in  these  cases,  althonglj  he  sa\s  that  theno 
is  not  infreipiently  a  dull-red  Hp|iearauce  witii  n»arked  grayne«^  i)f 
the  deeper  hiyers.  He  has  also  seen  such  hyijenemia  m  focal  le* 
eions  of  the  brain,  as  for  example  in  ci^rcbral  embolism. 

In  chronic  epilepsy  Oliver**  has  oliserved  congestion  not  ma 
much  a>H  a  low  type  of  retinitis.  Iu  all  conditions  in  which  it  is 
claimetl  congestion  of  the  optic  disc  is  a  symptom  the  utmost  care 
and  exi>ert  knowledge  are  re^piisite  to  dt^tcrniiue  its  tnie  pathohigiral 
importance.  This  function  hi'longs  rather  t^i  the  ophthalmologist 
and  the  subject  is  l>est  treat4^*d  of  in  text-books  esiiecially  devotee!  to 
the  snV#ject. 

The  pntgntmH  will  of  cfmrKe  de  fiend  upon  the  exciting  causd.  If 
this  can  be  remedied  or  relieveil  the  congestion  will  disapjiear*  bl 
forms  of  chronic  insanity  and  epilepsy  the  symiitom  is  rather  enrioiia 
than  iminn'tant.  It  thr^>ws  but  little  if  any  light  upon  tlji*  granty  of 
the  case  or  n|>on  its  future  ctuurse.  In  crises  which  are  followed  bjr 
atrophy  the  proguosis  of  ciinme  bei»ome«  graver,  liecause  this  atropbj 
is  probably  coincident  with  and  siguificaut  of  degenerative  change 
in  the  brain. 

IVmtmeni  of  congestion  of  the  optic  disc  as  an  isolated  symptom 
in  diseases  of  the  brain  and  spinal  cord  is  scarcely  calleil  for.  The 
condition  when  excited  by  temporary  causes  will  ilisap|>ear  without 
treatment.  When  it  is  excited  by  recurrent  causes  no  treatment  will 
likely  avail  either  to  prevent  or  relieve  it.  W»en  excited  by  rofrac- 
tive  errors  or  by  intense  glare  and  heat»  rest  of  the  eye  and  relief  from 
the  exciting  cause  are  all  that  will  be  rtHpiii-ed, 
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Mammation  of  the  optic  nerve  is  a  most  imjmrtaut  symptom  to 

neurologist.     Wiile  it  u^ujilly  in  awHi^p^etl  to  tlie  pronnce  of  the 

[almologist  it  should  not  be  forgotten  that  it  is  essentially  a 

logical  phenomenon,  that  it  throws  most  imjK:)rtaiit  and  often 

'Dtittl  light  upon  numerouB  diseases  of  the  nervous  system,  and 

in  eonseqaeut^e  it  is  l>ro[^erly  included  in  the  study  of  nervous 

It  is  the  one  instance  iu  which  the  neurologist  is  able  to 

a  disease  process  iu  the  living  nerve.     Consequently  it  iiresents  to 

eye  a  most  realistic  jjicture  of  disease.  He  knows  at  cuice  that  it 
18  significant  of  still  deeper  degenerative  or  inflammatory  processes 
in  the  central  nervous  system.  It  is  criusequeutly  a  HyHq>tom  winch 
tever  misleads,  liut  the  failure  to  observe  it  may  often  result  in  the 
most  grave  errors  in  diagnosis. 

Optic  neuritis  has  been  divided  hy  many  writers  into  various 
dasses,  such  as  neuroretinitis,  descending  or  interstitial  neuritis, 
lud  choked  disc*  It  is  best,  however,  for  our  purposes  here  tt>  treat 
of  it  under  the  simple  designation  of  optic  neuritis  or  i>a|ullitis. 
Itisproj>er  to  say,  however,  that  the  distiiicti<m  between  descending 
Deoritis  and  choked  disc  may  have  practical  importance.  The  diffi- 
culty,  however,  is  iu  determining  this  distinction.  Clinked  disc  as 
dt'SiTiljed  by  von  Graefe  is  that  condition  o(  engorgement^  swelling, 
*nd  mechanical  obstruction  which  is  supposed  to  depeml  upon  lesir>us 
of  tbe  brain  which  interfere  with  the  retniTi  circnlatinu  tlirough  the 
retinal  veins.  Descending  ueuritisj  on  the  other  hand,  as  thi*  name 
iniplies,  is  an  active  inflammatory  process  extending  along  tbe  optic 
tract  and  optic  nerve  frrun  a  centrally  located  lesinn.  In  j^racticid 
vork,  however,  it  is  seldom  i>ossible  to  distinguish  satis fnc tor ilv  be- 
hreen  these  two  conditions.  Choked  disc  is  evidently  so*)n  asso- 
d&ted  wit])  inflammation  and  degeneration  of  the  axis  cylindrrs  as 
ttev  emerge  frum  the  eyeball,  while,  on  the  other  hand,  a  descending 
aeuritis  is  accompanied  by  swelling  of  the  disc  and  engorgement  of 
Bievessels*  which  practically  constitute  a  ch<*kpd  disc.  It  is  rather 
file  opinion  now  of  ophthalmologists,  followinj^  Hughliiigs  Jacksnu, 
%t  there  is  but  one  kind  of  optic  neuritis,  and  that  the  one  elnnn^nt 
jf  swf^lling  of  the  disc  varies  in  different  cases  according  to  the  ex- 
atin^  cause. 

Various  theories  have  been  advanced  to  account  for  fjptic  neuritis 
in  diseases  of  the  central  nervous  system.  You  (Traofe's  tlienry  that 
it  was  caused  by  increased  intracranial  pressure,  Avhile  it  may  1>6 
true  in  some  instances,  as  in  gross  lesions,  brain  tumor,  etc. ,  is  not 
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atlequate  to  explain  it  iu  miinr  otter  instances.  The  same  majr  j 
true  of  the  theory  which  ascribes  neuritis  to  an  obstruction  d  \ 
lymph  spaces.  The  theory  aJvanced  b}^  Jackson,  that  optic  neu 
may  he  due  to  an  intermetliation  of  the  vasomotor  nerves,  is  eio 
iugly  obscure  and  iinsatiBfac*tory,  The  most  probable  theory,! 
seems  to  me,  m  that  in  niauy  instances  the  sensory  neurons  of 
optic  nerve  suffer  by  the  direct  action  of  some  irritating  materijJ  I 
the  blood.  This  we  know  is  the  mechanism  by  which  a  neuritiB  i 
set  up  in  all  other  parts  of  the  boily.  Oljscure  theories  of  mechanics 
or  vasomotor  intervention  are  scarcely  necessary.  The  view^  od 
other  hiiud,  that  thene  optic  neurons  in  many  diseases,  as  for  instacoej 
locomot4ir  ataxia,  paretic  dementia,  lead  poisoning,  are  affected 
the  direct  action  of  the  same  causes  that  produce  the  other  chan 
teristic  lesions  in  the  ner\'ous  system  (/.*'.,  the  circulation  in  the  Uii< 
of  some  poisonous  material  such  as  that  of  syphilis  or  lead)  i»\ 
moxst  rational.  This  view  is  curioush'  supported  by  the  teachings  < 
embryology.  Monro,  as  already  stiited,  regards  the  optic  ner\'e  not  i 
an  ordinary  pM^ripheral  nerve  but  comparable  to  the  po9teri<  tr  C4>liira]i 
of  the  Hi>inal  cord.  Hence  it  is  reasonable  to  suppose  that  it  would 
l>6  subject  to  the  same  diseases  fn>m  the  same  causes  that  occur  iJi  the 
central  ner\^ous  system.  Hence  also  the  direct  ravages  of  sy  phihs  aDtl 
of  chronic  toxremiiis  may  (X*cur  in  this  nerve  as  in  other  tissues  of  the 
cord  or  of  the  brain.  It  is  not  so  easy  perhaps  to  understand  wli) 
optic  neuritis  is  such  a  common  accompaniment  of  brain  tumors. 
The  theory  *jf  toxmmia  in  tliese  cases  seems  scarcely  warranted.  It 
is  uotew4>rth>\  however,  that  this  .symptom  occurs  most  commonly 
in  cases  of  tumor  al)oiit  the  biise  of  the  brain,  and  especially  beueiith 
tlie  tentorium.  In  such  cases  it  may  be  that  the  theory  of  an  obstruc- 
tion to  the  vascular  or  lymph  systems  may  l>e  the  correct  one.  It  is 
conceivalde,  for  iuHtauce,  that  obstmctiun  i»f  the  lymph  spaoefi  might 
lead  to  the  damming  up  of  {leleterious  jiroducts  and  that  these,  under- 
going retrograde  cliauges,  might  net  by  interfering  with  the  nutrition 
of  these  sensitive  neurons  or  by  diret'tly  poisoning  them.  It  must  be 
remembered  too  that  fori  of  inf taction  may  occur  in  cases  even  of 
tumor  of  the  bniiu.  For  instance,  the  interference  with  the  notri- 
ticm  of  the  ))raiu  mass  may  so  hiwer  the  vitality  of  parts  that  thej 
may  readily  suftVr  fnnn  various  kinds  of  toxins.  Cases  liave  h"^ 
served,  in  fa<'t,  in  which  a  direct  connection  has  been  esta 
between  iodamed  Coptic  nerves  and  some  area  of  inflammatioi^ 
generation  in  the  brain.  This  is  rendered  all  the  more  ea 
derstood  when  it  is  recalled  tliat  the  central  connections  of 
sory  ofjtic  neurons  are  very  extensive  and  numerous. 

The  stftfiititttii^  of  ofitic  neuritis  are  both  subjective  and  ob 
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The  subjective  symptom  is  impairmeiit  of  vision.  This,  however,  is 
ni>t  always  present ;  in  fact,  a  high  grade  apparently  of  swelling  and 
inflammation  may  be  present  without  the  patient  being  conscious  of 
any  limitation  of  his  sight.  In  such  cases,  however,  expert  tests  will 
often  demonstrate  that  the  fields  of  vision  are  conti'acted  or  otherwise 
Uzuited.  In  cases  which  are  fai*  advanced,  however,  sight  usually 
becomes  impaired,  and  in  many  cases  may  become  ultimately  totally 
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al*  ilisheil.  Blindness  is  occasionally  an  early  symptom  of  optic  iiou- 
ntis  and  may  even  occur  almost  suddenly.  Those  variations  are  no 
d-mbt  due  to  variations  in  the  comi)leteness  of  the  doHtructiv(i  process 
in  th«*  neurons  Hn<l  esi)ecially  to  the  numlxn*  of  neurons  involved. 
Tht-?ye  fai-tors  will  of  course  diflfer  in  diflferent  cases.  Pain  is  not  a 
syiuf»tr»m  of  optic  neuritis.  If  present  in  these  cases  it  is  duo  to  the 
(VLtril  lesion,  such  as  tumor  or  abscess,  which  causos  the  n^niritis. 
The  field  of  visicm  may  l>e  variously  impaired.  It  may  be  concontri- 
fall.v  contractetl  or  some  segment  may  be  more  involved  than  others. 
True  hnmianoiwia  is  not  caused  by  pure  optic  neuritis.     When  it  oc- 
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curs  in  such  casea  it  m  tliie  to  a  unilateral  leniou  somewhere  Id  or  I 
kind  the  optic  tract.     Perception  of  colors  in  KometimeH  affected 
optic  neuritis;  that  of  red  and  green,  according  to  De  Hc-hweii 
being  usually  lost  first.     The  pupik  are  not  Hift^rttnl  until  bliii 
occurs,  when  of  coui>*e  the  reaction  of  the  iris  to  light  is  h:»8t. 

The  objective  symptoins  of  optic  neuritis  are  visible  odIj  \ 
the  aid  of   the  o[)hthaImoscopp.      They    are  highly  charact 
The  insist  common  of  tliese   syia[)toms  is  swelling  with  iucr 
vascularity  of  the  i>apilla.     This  causes  the  outline  of  the 
become  obscure  until  eventually  the  edge  or  rim  is  lost  to  \'iew  i 
tirely.     A  very  early  stage  of  this  swelling,  l»efor6  the  edge  oi 
disc  is  obscured,  may  be  difficult  to  determine.     The  first  changi 
according  to  Gnwei"s,  is  noted  on  the  mMiiil  side.     This  is  due  pr*  ' 
to  the  fact  that  there  are  more  nerve  fibres  on  the  nasal  than 
temporal  side.     As  the  change  a^lvances,  however,  the  whole  tlid 
becomes  olisxnire  and  the  [>hysiological  cup  is  filled  up  and  olihi^l 
ated,  althi>iigh  some  evitlence  nf   it,  as  a  very  slight  depressinu,  may  I 
remain  visible.      The  color  of  the  swollen  papilla   is  reJder  tliilj 
normal  as  a  rule,  and  it  frer|uently  has  a  striated  appeaivince,  daetoi 
its  increased  vascularity.     As  tJie  swelling  increases  it  extemls  oati 
Boraew hat  over  the  retina^  so  that  its  diameter  may  be  two  or  three' 
times  as  great  as  the  diameter  of  the  normal  disc  (Gowers).     WbiiiB 
blotches  j^re  seen  rni  its  surface.     As  the  swelling  increases  the  veins 
become  much  swoUeu  and  more  tortuous,  while  the  arteries  are  ^ 
tinctly  nuiTowed.     Under  the  microscope  the  swollen  pa[>illa  sLowi 
distended  lilond-vesKels  and  eapillaries  with  an  accumulation  of  leu- 
cocyt-es    in   the   tissues  and  especially  in  the  perivascular  sheAthfi. 
The  nerve  fibres  are  seen  to  l>e  degenerated  just  as  in   neuritis  in 
other  nerves.     Glolades  of  myelin  are  notetl.     The  products  nf  d^ 
generation  are  seen,  and  the  walls  of   the  arteries   are   thickeoeA 
The  sheatli  ol  the  nerve  behind  the  globe  is  distended  so  as  to  form* 
pyrifonn  swelling. 

The  t'itusrs  uf  optic  neuritis  are  numerous  and  may  be  classified 
under  tlie  two  heads  of  foeal  nervous  diseases  and  general  disorder. 

Ilittiii  Tnmi*f\ — Am«  irig  the  most  common  causes  of  optic  neuritifli* 
brain  tunit >r.    This  is  sueli  a  ei noni< >n  sy  mptom  of  intracranial  growtltf 
that  an  oji]ithalHi<»sro|iiL"  examinuHon  in  suspected  cases  is  of     ''^ 
imiiortnnt^e.     I  have  known  several  instances  of  incipient  bra 
in  whitOj  the  detection  t^f  inflammation  of  the  optic  papilh 
first  eouvinciijg  proof  nf  the  presiHice  of  a  tumor.     Of  tb 
dred  ejises  laUiilateil  by  ^Mills  ;uid  Lloyd  '^  choked  tlises  *  ' 

in  eiglit  and  nptii*  neuritis  *>r  nvuroretinitis  in  eigh^ 
ai>ercentage  of  twenty -six.     The  distinctions, : 
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by  Albutt,  Norris,  and  others,  between  choked  discs,  papillitis, 
and  congestion  are  not  observed  in  this  general  statement.  As  said 
iln^ly,  these  distinctions  are  no  longer  considered  of  great  diagnostic 
importance.  The  general  result  in  these  one  hundred  cases  shows 
that  the  i)ercentage  of  optic  neuritis  in  brain  tumor  is  so  high  that 
this  symptom  must  be  regarded  as  of  first  importance.  According 
to  this  table  the  optic  nerves  were  involved  in  tumors  situated  in  all 
portions  of  the  encephaloii.  They  were  not  infrequently  present  in 
tomors  of  the  ccmvexity.  Descending  neuritis,  however,  according  to 
these  authors,  would  seem  likely  to  occur  when  the  tumors  are  so 
litaatetl  that  inliammatiou  set  uj)  by  them  can  readily  extend  by 
ioatomical  continuity  along  the  membranes  to  the  optic  nerves. 

The  relative  x)rei)onderance  of  optic  neuritis  in  tumors  in  various 
legions  r>f  the  brain  is  difficult  to  estimate ;  so  too  is  the  absolute  per- 
centage in  all  cases.      The  i)ercentage  given  above  from  Mills  and 
Lloyd's  table  is  fjir  below  that  which  is  usually  claimed  by  neurolo- 
gists.    This  may  l>e  accounted  for  by  the  fact  that  that  table  was  based 
on  cases  i>icked  at  random  from  medical  literature,  and  that  probably 
ophthalm<  iscopic  api>earances  were  not  noted  in  all  of  them.     Accord- 
ioi^  to  Gowers"  and  Bramwell  "  optic  neuritis  is  present  in  at  least 
eighty  jier  cent,  of  all  cases,  and  this,  according  to  Oliver,""  is  prob- 
ably correct,  but  Nuske  and  Reich,  quoted  by  Oliver,  claim  a  still 
higher  ratio.     With  reference  to  the  location  of  the  tumor,  it  is  not 
p«issihle  to  formulate  a  j)08itive  law.     The  general  statement,  however, 
is  permissible  that  tumors  about  the  base  of  the  brain,  and  e8i)ecially 
beneath  the  tentorium,  are  much  more  liable  to  cause  optic  neuritis 
than  tumors  alnjut  the  convexity.     Again,  tumors  of  the  i)arietal  and 
esiiecially  of  the  CK'cij)ital  lobes,  impinging  as  they  niay  upon  the 
optic  fibres  and  oj)tic  centres  in  the  brain,  are  still  more  liable  to 
cause  optic  neuritis  than  tumors  of  the  frontal  lol)es.     I  have  known 
several  instances  in  which  tumors  of  the  frontal  lobes  and  one  in 
whifh  a  tumor  in  the  Rolandic  region  did  not  cause  an  optic  neuritis. 
These  facts  seem  to  indicate  that  obstruction  of  the  vascular  system 
or  fif  the  lymph  s]>aces  is  at  least  one  factor  in  tlie  causation  of  ()i)tic 
neuritis.     Tumors  in  the  frontal  or  antero-frontal  region  are  the  least 
Ukeiy  uf  all  brain  tumors  to  cause  pressure  on  the  optica  nerves  or  on 
the  vessels  at  the  base  of  the  brain.     The  products  of  retrograde  niet- 
amori>hosis  in  such  cases  would  probably  be  biken  ui)  and  removed 
vithont  the  same  risk  of  infecting  the  o])tic  nerve  fibres.     Tumors  of 
the  cerebellum  are  undoubtedly  the  most  prone  of  all  brain  tumors 
tr>  cause  optic  neuritis.     So  true  is  this  that  it  may  be  laid  down 
alnnjst  as  a  law  that  optic  neuritis  is  seldom  if  ever  al)sent  in  any  case 
of  cerebellar  tumor  during  its  entire  course. 
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According  to  Oliver  the  presence  and  degree  of  swelling;  and  inflaa* 
mutioQ  uf  the  oiitic  nerve  are  in  direct  ratio  to  the  rapiditr  of 
growth  of  the  tiiiufir  rather  thau  to  the  size  of  the  matia.  TliU  in 
certainly  true  iu  canen  of  cereLielhir  tumor,  in  which  optic  neuriii^  of 
a  hi^h  gnule  is  usually  an  early  syniptoin.  The  exact  hieatioQ  of 
thene  tumors  Iteneath  the  tentorium  does  n«it  seem  to  bi*  an  imfiortmtil 
factor  in  the  causation  of  optic  neuritis.  This  symptiim  occmm  M 
well  in  cases  of  tumi>r  of  the  middle  lobe  of  tlie  cend>eUiiro  lut  is, 
those  of  the  cerol>ellar  i^t^diiiicles.  This  may  be  accounted  for  by 
fact  that  a  very  small  but  active  growth  beneath  the  t«^UHe 
onyiehling  tentorium  soon  cause**,  by  pressure,  active  ^ymiitomi 
various  kinds* 

The  corijora  cjuadrii^emina,  iu  which  many  of  the  tiptic  ueiiroai 
termiuato,  are  very  liable  to  soit'er  early  in  these  cases  by  preasoreor 
even  by  direct  destructive  processes.  The  oi>tic  neuritis  tu  duiett  of 
braiu  tum**r  is  usually  doul»le.  This,  however,  is  not  an  mvariafafe 
rule*  In  some  erases  one  nerve  is  involved  before  the  other,  or  Ibii 
graile  of  inrtamniatiou  in  one  nerve  may  be  greater  than  in  the  other^ 
or  the  inflammation  in  imo  nerve  may  have  partiaUy  subsided  beft^re  its 
fellow  is  actively  involved.  According  to  Oliver  the  acute  oonditinii 
iu  one  eye  may  subside  sufficiently  for  a  careless  ol^server  to  IMMMUA 
that  there  has  never  been  au\  inilammatiou  in  that  nerve  and  tliil 
couseiiueutly  the  neuritis  is  unilateraL  He  refers  to  a  dise  of  his 
own  whiclj  was  under  observation  for  a  long  time  in  which  ttni- 
ocular  optic  neuritis  liad  Ijccu  diagnosed  and  yet  in  which  there  went 
at  times  clear  symptoms  of  a  low  grade  of  ueuroretinitis  in  the 
fellow  eye.  The  presence  of  unilateral  optic  neuritis  in  brain  tumor 
i^,  however,  of  some  diagnostic  sign itica nee,  although  oi>iiiioti8  dil- 
fer  as  to  the  true  value  of  this  symfitom*  Many  authors,  a8  Jtkck* 
son,  Broadbent,  Pagenstecber,  have  claimed  that  the  iutlammation  is 
on  the  side  opposite  to  the  brain  lesion.  Others,  however,  deny  tliis, 
and  it  is  probably  tnie,  as  Bramwell  st^ites,  that  the  nuniVier  of  cmam 
observed  is  too  small  bj  permit  of  a  definite  genendiyjition  as  yelL 
Oliver,  however,  refers  to  two  cases  of  doul>Ie  optic  neuritis,  Ixith  hi 
children,  in  which  the  higher  grade  of  neuroretinitis  was  on  the  tdda 
opposite  to  the  iutracranial  lesions.  In  a  recent  case  rejsirteti  by 
Thomas  and  Keeu"*  of  a  large  brain  tumor  iu  the  left  frontal  regi^w 
the  optic  neuritis  was  greater  on  the  side  of  the  lesion,  i.e.,  tlin  tft 
side.  In  such  a  case  it  is  possible  that  pressure  was  an  importtnl 
factor  in  the  production  of  this  symptom,  as  the  lesion  was  a  vary 
large  one  and  situated  in  a  i>ortion  of  the  braiu  where  *lirect  pieiisiiiiB 
by  a  large  mass  dowTi wards  would  lie  operative.  In  tumors,  how- 
ever, of  the  occipital  lobe  invohing  the  optic  centi'es  iu  the  cuuetts,  or 
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optic  radiatioDs,  it  is  probable  that  a  higher  grade  of  neuritis 
Dnld  be  preeent  in  thfl  eye  of  the  oi*poftite  side,  i\nd  this  for  the 
>son  that  the  majority  of  optic  fibres  decussate  in  the  chiasm.     I 
not  wish,  however,  to  make  a  positive  assertion  on  this  subject. 
k  partial  anpport,  however,  of  siieh  a  \'iew,  Oliver  refers  to  a  case 
>ina  involving  the  piilviiiar  and  contiguouB  {miiious  of  the 
.  capsule  of  the  left  side  iii  which  the  right  eye  contained  a 
\  hemorrhage  upon  and  around  the  optic  disc.     In  brief  it  may 
fstated  that  the  indications  are  that  tumors  of  large  bulk,  in  which 
fikctor  of   presaore   is   a   prominent  one,  may  cause  unilateral 
iptoms  in  the  eye  on  tlie  side  of  the  tumor ;  but  that,  on  the  other 
Lid,  tumors  of  small  bulk  but  of  rapid  growth  in  or  contiguous  to 
optic  fibres  either  in  the  optic  tract  or  in  the  optic  radiations 
Pithiu  the  brain,  or  near  the  optic  centres  in  the  cortex,  may  possi* 
?  cause  unilateral  symxjtoms  in  the  eye  of  the  opposite  side.     Such 
lieations,  however,  are  not  sufficiently  clear  or  numerous  to  atlmit 
{of  dc^ouatie  statements. 

The  iwtrsv  of  optic  neuritis  from  brain  tumor  varies.     The  in- 

I  flammation  may  suliside  without  permanent  impairment  of  the  vision, 

but  tins  .if  coui'se  is  not  a  common  result  in  such  a  steadily  progres- 

.aive  iL->iioii  as  brain  tumor.     Oliver  attempts  to  give  indications  for 

[ihe  determination  of  the  age  or  stage  of  progress  of  optic  neuritis. 

lu  the  very  early  stages  a  sHght  haziness  of  the  nerve  heatl  with  an 

TDttdistinctness  of  the  8ck*ral  ring  and  a  slightly  increased  fulness  of 

J^  veins  may  be  the  only  signs  present.     In  more  advanced  cases  the 

:will  l>e  swollen  and  projecting  into  the  vitreous  humor^the  u^jper, 

er,  and  lower  pt>rtions,  especially  the  papilla,  loeing  the  most  swol- 

The  outline  of  the  disc  wilt  lie  obscured,  the  veins  will  be  more 

and  tortuous  and  even  loBt  to  view  at  some  points  in  or  near 

passage  into  the  nerve,  while  the  arteries  will  be  greatly  con- 

trocted.     The  apjiearance  of  striation  caused  by  elight  hemorrhages 

or  bv  the  prominence  of  smaller  vessels  l>ecrjme«  marked.     Frnm  this 

acute  stage  the  inflammation  passes  into  what  may  l>e  called  a  more 

clinnnic  stage,  and  the  swelKng  of  the  ner\^e  head  decreases,  the  outer 

or  temporal  border  being  first  seen.     The  extra vai^ations  of  blo<  id  mil 

disappear.     The  vessels  are  no  longer  emljeddeil  in  swollen  retinal 

^''  ues  and  consefiuently  can  be  traced  farther  and  more  distinctly 

iQ  the  disc.      They  also  become  more  nearly  normal  in  appearance. 

ter  the  appearance  of  a  postneuritic  atrophy  l>ecomes  still  more 

rked;  the  outlines  of  the  swollen  disc  (papilla)  become  more  dis- 

ct;   the  contracting  tissue  squeezes  the  blood-vessels  still  morej 

f*  appearance   of  striation  gradually  disai^pears,  and  thus  finally 

ae  nerve  head  or  papilla  presents  the  appearance  of  total  atrophy. 
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The  profjHomH  for  tlie  optic  neurit  is  itself  in  not  good  ha  a  rubj 
brain  tumoi*8.  In  those  ea-sefl  in  whicli  the  initial  swelling  ia 
j^eat  and  consequent  loss  of  vision  more  pronounced,  there  mav  be 
provemeut  in  si^ht  after  the  diiuinnti*)n  of  tliis  swelling  takes  pi 
The  ultimate  result  to  eight  will  of  course  dei>end  upon  the  com; 
aeas  of  the  intlammatiiiu  and  the  numlier  of  fibres  involved. 
rule  there  is  slowly  decreasing  vision  so  tliat  in  many  cases  of 
tumor  total  blindness  is  the  result,  and  in  tin  ►se  cases  in  which 
does  not  result  it  is  probably  because  the  fatal  issue  m'curs 
tJie  degeneration  of  the  optic  neurons  is  ooraplete.  According 
Oliver,  in  cases  in  which  the  neuritis  has  taken  place  without  [»reri< 
chokiuK  «>f  the  diHC  the  vision  gradually  fails  from  the  liegiuning. 
view  of  the  itossihk  relief  from  brain  tumors  l)v  surgical  interf< 
it  is  well  Ui  state  that  blindness  in  many  of  these  case^  is  pi 
not  the  necessary  result,  even  after  a  high  grade  of  neuritis  is 
provided  the  neoplasm  can  lie  extirpated. 

The  treat wv fit  of  oj>tic  neuritis  in  cases  of  brain  tumor  isofcoi 
quite  imj^riicticable.     Tlie  only  ho[>e  for  its  relief  rests  in  the 
extir])atiou  of  the  ueuplasnu 

AL^ifT'Ss  of  the  Hrtiiii.—k.naih^T  cause  of  optic  neuritis  is  abscess 
the  brain.     This  al>scess  is  usually  secondary  to  some  supir 
process  in  otiier  regious  c^f  the  bod}'.     The  most  common  causa 
suppuration  of  the  tumes  of  the  ear.     Metastatic  aljseesses,  howe^ 
in  cases  of  general  blood  poisoning  are  occasionally  seen.     In 
rare  cases  the  foci  of  sui)puratif>u  are  in  the  nasal  or  orbital  boDes. 

Ah  a  symptoiji  of  abscess  of  the  Ijrain  ojitic  neuritis  is  of 
impfirtiince,  although  it  is  not  nearly  so  common  aa  in  cases  of 
turnor.  Its  imjiortance  in  cereliral  abscess  arises  from  the  fact 
it  may  in  hotan  rases  coutirm  a  (liaguosis  that  might  otherwise 
obscure.  In  cases,  ft»r  instance,  of  ear  disease,  in  which  the  cerel 
symptoms  may  Ikj  disguised,  the  ]iresence  of  choked  disc  mij 
furnish  an  imi>ortaut  clew  to  the  presentee  of  an  aljscess  in  the  brai< 
Oliver  states  that  in  the  cases  (rf  children,  if  pus  formation  be 
and  exti^usive,  pressure  will  so^m  •■^iisne  and  give  rise  to  oji tic  neuxil 
On  the  t)tlier  hand,  Kt^iMi  '  stattvs  that  i>ptic  neuritis  is  not  frequeJit 
cerebnil  abscess,  and  again  that  tlje  ]>resence  of  choked  disc  does 
seem  to  bo  pathognomonic,  ns  this  symptom  is  sometimes  ' 
and  scmietimes  absi-nt.  (*liv*'r  c*laims  that  the  optic  neuritis 
scr^Hs  of  the  brain  is  nsually  not  so  imirked  as  is  that  of  brain 
and  that  it  is  luoji^  likely  to  \m^  niiilatera!  and  as  a  rule  more  c 
ill  its  onset.  As  is  well  kuinvn,  absr^^sses  of  the  l)raiii  have 
latent  period,  and  it  is  during  this  pt^ritMl  especially  that  the 
tion  of  o|itic  Honritis  might  In*  of  great  importance.     Gowers 
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that  while  inflammation  of  the  optic  nerve  is  less  common  in  abscess 
tlum  in  tamoFH,  it  is  probably  more  fi-equent  than  is  suspected.  He 
su^e^ts  that  tlie  ophthalmoscope  would  probably  show  that  during 
the  latent  stage  this  important  symptom  fretjuently  precedes  the  onset 
of  the  more  acute  symptoms.  According  to  him  it  is  more  common 
in  traomatic  abscess  than  in  other  forms. 

The  statement  of  sc^me  writei^s  that  choked  disc  is  found  only  in 
th#^  vpry  largest  abscesses  of  the  brain  is  not  warranted  by  facts. 

Optic  neuritis  has  but  little  if  any  l(K*alizing  value  as  a  symptom 
of  i-4=-rebrj J  abscess.     It  will  not  j^ermit  of  a  diflferential  diagnosis  be- 
tween a  cerel)ellar  and  spheuotemi)oral  abscess.     Neither  will  it  aid 
Bs  in  deciding  upon  which  side  of  the  brain  the  abscess  is  situated. 
Id  some  cases  it  is  reported  as  more  marked  upon  the  side  opposite 
t'l  that  ni>on  which  the  abscess  is  situated.     It  is  even  seen  in  cases 
in  which  the  aliscess  is  situated  in  the  frontal  lobe.     In  a  recent  case 
of  abscess  of  the  brain,  Lannois  and  Jaboulay"  observed  hemian- 
opsia on  the  side  oi)posite  the  lesion.     The  abscess  was  situated  in 
the  left  <K'cipital  lobe,  and  was   associated  with  alexia,   agraphia, 
woni-blindness,  and  facial  paralysis.     It  was  caused  by  disease  of 
the  ear. 

BuMilar  MeningitiH, — Optic  neuritis  is  much  more  common  in  this 

form  of  meningitis  than  in  inflammation  of  the  membranes  of  the 

vertex.     In  these  cases  it  is  probably  caused  by  direct  descent  of  the 

inflammation  ahmg  the  optic  tract  and  nerve.     Many   authorities,  as 

Bramwell,  Uughlings  JjK*kson,  Gowers,  and  Oliver,  state  that  the 

papillitis   of  meningitis  is   less  intense   than  that  of  brain  tumor. 

&.>wers,  for  instiince,  says  that  usvuiUy  the  swollen  papilla  is  paler 

than  that  which  is  found  in  other  conditions.     Oliver  says  that  in 

the  f*?w   cases   observed  by  himself   the  venous   engorgement   was 

flight,   while  the  disc  was  somewhat  swollen   and  its  edges  hazy, 

bat  that  the  retinal  hemorrhages  ordinarily  seen  in  other  conditions 

w*-rr  prest»nt  in  only  one  case.     In  tuberculous  meningitis  aggrega- 

ti«»ns  of  tul>ercles  may  possibly  be  seen  in  the  choroid.     The  changes 

in  the  nerve  head  and  retina  may  Ije  more  pronounced,  however,  in 

tnVien*ul«  »us  meningitis  than  in  simple  purulent  meningitis,  and  this 

i>   pn>lMil.>ly  due  to  the  fact   of   the  formation  of    tuberch^s    in   the 

**horoi«l  itself  i:»r  to  the  nnisses  of  tubercles  at  the  base  of  the  brain 

acting    like   a   tumor.     The   percentage   of   cases   of   optic   neuritis 

in  tnlierculous   meningitis  has  l)een  asserted  by  (rarlick,  ipioted  by 

rMiv*-r,  to  1>e  as  liigh  as  twenty -one  out  of  twenty-six  easels.      It  is 

(•^•^^ible  that  optic  neuritis  is  more  common  at  some  stage  of  nieniii- 

ritis  than  the  reports  indicate,  as  many  of  thes(^  castas  an^  T)robably 

L't  *4ubje<'ted  to  as  careful  and  frequent  ophthalni()seoj)ii-  examination 
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as  they  might  ami  Bhoiikl  be.  In  the  syphilitic  (orm,  for  inatanee, 
(jptic  neuritis  m  probably  not  uncommoD.  In  ffu%  in  b^feditmisr 
8yi>hilis  this  may  be  the  caiLse  of  blindness. 

Hntcihinsou  reiiijrts  a  case  uf  uDilatenJ  optic  nenritis  in  a  man 
uf  fifty  who  was  the  subject  of  extensive  nerve  syphilis.  In  mwek 
a  case  it  is  iiossible  that  the  lesions  lx*^.ui  in  a  h»c*alized  leptinraeaia* 
gitis  at  the  liase  of  the  brain  involvinji;  oue  ojitic  nerve  only*  In 
such  a  case  the  presence  of  optic  neuritis  is  of  threat  dia^^nofiiie 
imjMirtance.  In  epidemic  cerebri  ^spinal  meningitiH  t)ptic  m^uritiji 
is  sinnetimes  seen.  It  would  probiibly  be  reported  oftener  in  the 
grave  forms  uf  this  disease  were  they  notsorafadly  fatal  and  i«ogr«vi» 
in  character  that  an  examination  of  the  nene  head  is  not  ustiallj 
mmle  l»ecanse  of  the  difficulties  causeil  l>y  the  patient's  conditiii^i* 
Li  these  eases  erol>nli  and  thrombi  may  Im  noted  in  tlie  eye-gronnd.  la 
spite  of  these  grave  conditions  consecutive  atrophy  and  i^ermatKiliI 
loss  of  vision  are  not  common  in  crises  which  recover. 

In  hemorrhagic  pa(*hy meningitis  there  may  be  an  intUmmattCMi 
of  the  optic  nerves,  bnt  olwervations  on  this  subject  sei>m  to  Ija  rill«* 
Gowers  cjJJf*  attention  to  the  importance  uf  ophthalmoscopic  cliani^ 
in  traumatic  meningitis.  In  cases  in  which  trauma  leails  to  purulml 
meningitis  alH>ut  the  base  of  the  brain,  optic  neuritis  may  naturally 
be  looked  ftjr;  but  there  is  a  class  of  crises  witli  fever,  delirium,  and 
eTen  con?ulsions,  not  necessarily  dissociated  with  l>asilar  meningitiaf 
in  which  tvptic  neuritis  may  lie  seen.  In  cases  in  which  the  symp- 
toms are  only  subjective  the  presence  of  optic  neuritis,  following 
trauma,  might  l>e  of  great  diiignostic  imiwrtance. 

In  sunstroke,  or  thermic  fever,  which  is  often  aHs<^^iated  with 
forms  of  meningitis,  optio  neuritis  may  ajiiiear.  Hotz''  chdms  that 
atrophy  of  tim  optic  neoe  i»  not  uncommon  in  this  country  as  a  n*- 
snlt  of  smistroke.  The  arteries  are  narrowed  as  the  result  of  intlam* 
mation.  He  oliserved  these  conditifms  not  f>nly  after  exposure  U>  thf* 
Bun,  but  after  exposure  to  intense  heat  of  other  kinds.  Accordinij  to 
this  author  the  inflammation  is  exudative  in  charat^ter  and  assiHUat^d 
w4th  choroiditis  sufficient  to  cause  detachment  of  the  retina, 

hmular  nrknmiH,  accordinic  t^^  Oliver,  may  cause  optic  nonrititi  if 
the  i>atch  lie  near  the  m-ular  globe.  As  a  rule,  this  symptom  is  morfi 
marked  on  one  side.  According  t«t  Gowers,  however,  ophthaJmo^eojiic 
signs  are  rare  in  this  disease.  He  mjikes  the  statement  that  eT€a 
in  those  cases  in  which  patches  of  sclerosis  f>ccupy  the  optic  nerve 
itself,  the  nerve  fibres  passing  through  are  not  destroyed,  their  axis 
cylinders  persisting  and  retaining  their  (unction,  only  somewhat  im- 
jmired.  Such  is  not  always  the  case,  certainly,  with  thfise  patches  ill 
other  portions  of  the  nervous  system. 
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's  of  the  Hpinal  cord  may  be  associated  with  optic  neuritis. 
is  is  on©  of  tLci^e  diseases.  These  cases  are  not  very  common, 
when  they  oci^^ur  the  optic  neuritis  is  j>robabIy  canned  by  the 
le  bltx>d  state,  or  poison,  that  causes  the  inflammation  of  tlie 
cord.  Katz  relates  a  case  in  a  woman  of  associated  optic  neu- 
and  acute  myelitis.  Tlie  sy  mptums  were  paralysis  in  the  lower 
imbs  and  sensory  impairment  as  liigh  jts  the  chest.  The  sphincters 
ere  aifeoted.  At  the  autopsy  ilisseminated  myelitis  was  found  and 
irtrphy  of  the  <jptic  nerves  and  the  chiasm.  Katz  collect4Hl  twenty 
There  were  rapid  loss  of  vision  and  swelling  of  the  discs. 
Partial  restoration  of  vision  tx-curred  in  somo,  but  ctunplete  blindness 
in  others.  The  myelitis  was  either  in  the  dorsal  or  lumbar  region. 
Satz  regards  the  affection  as  due  to  involvement  of  the  sympathetic,  as 
there  is  no  tlirect  anatomical  connection — but  this  view  is  higlily  un- 
ftitisffu^tory.  The  l>est  exphmation  is  that  a  crjmmon  cause  Qjroba1>ly 
itox;Bmia)  exists  for  the  inllammation  in  these  dissociated  regions  of 
Ihe  central  nervous  system. 

S If pliil is,  ^When  we  consider  the  probability  that  Hyj>hilis  is  an 
active  cause  of  myelitis  or  meuingomyelitis,  we  can  readily  conceive 
that  the  optic  nerves  and  tract  may  suffer  frnm  the  presence  of  this 
poison  in  the  blood.  Syphilis,  as  we  know,  acts  upon  the  nervous 
tisBaes,  as  a  rule,  through  the  vascular  system.  It  excites  an 
inftammatory  prot^ess  in  the  coats  of  the  small  blnod- vessels.  We 
lave  already  seen  that  the  develo])ment  of  the  retina  and  o]>tic  fibres 
IQggeetB  a  close  analogy  Ijetween  them  and  the  sensory  fibres  in  the 
Kpinal  ct>rd.  It  is  therefore  unnecessary  in  suppose  that  there 
must  l>e  any  direct  anat<  ^mical  connection  between  the  cord  and  the 
optic  fibres  in  order  for  them  to  suffer  from  the  same  poistm  in  the 
bluxl.  Syphilis  seems  to  exercise  a  selective  action,  and  thus  [jrob- 
My  tends  to  commit  its  ravages  upon  the  optic  sensory  neurons  at 
Ihfisame  time  that  it  invades  the  spintil  cord.  Locomotor  ataxia,  ^d- 
Biough  not  infrefjuently  attended  with  changes  in  the  ojitic  nerve, 
r&rely,  if  ever,  i>resents  acute  or  high-grade  optic  neuritis,  iUbutt 
deacribed  a  stage  of  hyperfemia,  or  chronic  ojitic  neuritis,  as  preced- 
iuf,'  the  fiptic  atrophy  so  commonly  seen  in  locomotor  ataxia,  but 
Gowers  claims  that  this  obser%^ation  has  not  l>een  conlirmed  by  other 
"^^rvers.  The  atrophy  of  the  optic  nerve  in  locomotor  atiixia  will 
'.Tibed  later. 

4  to  the  spine  are  ])robably  never  attended  with  true  optit* 
pts  have  lieen  made  in  recent  years  to  jjrove  the  con- 
it  due  to  the  stimulus  which  this  subject  has 
Cases  of  railroad  spine  have  been  over- 
axaggerated,  and  it  is  possible  that  some 
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obseirerB  have  thought  that  they  saw  what  thev  were  looking 
when  they  noted  minute  and  doubtful  changes  in  the  eye-ground  i 
BOfoe  of  these  Hti^anta.  Albatt's  ob8er\'ationt3  seem  ia  prove,  lio 
ever^  that  ocular  chaugeB  do  occur  in  sorne  eaj^es  of  iujuriea  to 
Bpinal  cord,  eHpecially  at  high  levelB.  These  changes  are  mostly  ( 
geation  and  uudue  redness  of  the  disc,  and  they  have  been  clain 
by  this  observer  to  indicate  a  mild  degree  of  neui'itis.  Certainly  i 
very  pronaunced  acute  neuritis,  however,  if*  claimed,  so  far  lus  I  kn^ 
by  any  obsener  as  occnrriug  in  the  ordinary  cases  of  railwav  spL 
It  is  to  be  rememljcrcd,  in  this  connecti<in,  that  many  of  these 
have  subjective  hvsterical  symptoms,  among  which  various  liniili 
tions  of  the  field  of  \dsion  are  not  uncommon.  This  fa<:'t  should  pd 
obseiTera  on  their  guard  against  misinterpreting  subjective 
symptoms  at  least. 

Brig/if H  tlmym'  of  the  kldnei/  is  another  cause  of  optic  neuritw, 
The  commonest  form  is  the  well-known  albuminuric  retinitis. 
is  seen  especially  in  chronic  cases ;  as  in  lx>th  interstitial  nephriti 
and  chronic  parenchymatous  nephritis.     This  farm  of  retinitis,  as  i 
name  implies,  is  usually  associated  with  albumin  in  the  urine,  bntiln 
cause  is  evidently  the  same  urLcmic  [Miisomng  of  the  blood  that  ao-"' 
eounta  for  the  many  other  vascular  changes  seen  in  Bright 's  (hst  ii>r 
Hence  the  amount  of  allmmin  in  the  liloiHl,  or  even  iti*  lu'esence  there, 
is  in  no  respect  an  indication  or  cause  of  this  retinitis.     C-ases  luiglit 
occur  in  chronic  iutei-stitial  ne[jhritis  in  which  little,  if  any,  albumin 
is  ]»resent.     It  is  in  such  cases  especially,  in  which  the  kidney  disease 
has  [irobably  been  insidious,  with  allvumin  not  always  present  iu  the 
urine,  that  thci  impurbmce  cif  iuHiiecticm  «jf  the  eye-ground  maybe 
the  greatest,     A  slight  hyjicHnipliy  i;f  the  heart,  with  an  acceiitiUfc- 
tion  of  the  second  wound  and  a  ]>uls(^  of  high  tension,  shtmld  indicate, 
therefore,  the  necessity  for  an  oplithahnoscopic  examination.     In  stidi 
cases  the  presence  of  the  characteristic    albuminuric  retinitis  maT 
occasionally  ho  even  more  c*>alirmatory  than  an  examination  of  the 
urine.     According  to  Gnwers,  fcho  tibjective  symptoms  of  albuiuiiir 
uric  retinitis  are  ditluse  but  sliglit  n{Micity  and  swelling  of  tlie  retinii 
due  to  aidf^ina,  white  ] matches  due  to  the  degenerative  process,  henn^r- 
rhages,  iuHamrnation  of  the  nerve  head,  and  later  consecutive  atrophy 
of  the  retina  and  nerve.     Thpse  various  signs  vary  in  different  r"*^-^ 
so  that  different  types   of   albuminuric  rt'tinitis  are  recogn 
ophthalmologists.     In  cases  in  wliicli  the  white  H])ots  predom 
degenerative  ]>rocpss  is  the  mrist  marked ;  in  others  the  he 
are  the  moat  consjiicuous;  in  otliors  again,  the  tedema  '»»^ 
tion  of  the  retina  are  most  prominent,  while  in  o 
mation  of  the  nerve  lusid  may  preJomin 
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iDfwever,  are  often  aBsociated  or  merge  into  each  other,  as,  for  in- 
taDce,  the  degeneratiTe  and  hemorrhagic  conditions  succeed  the  in- 
ktory  state.  The  most  characteristic  type  is  that  in  which  the 
irldle  patches  of  degeneration  and  the  retinal  hemorrhages  are  the 
iDost  conspicuous.  These  white  spots  of  degeneration  may  appear 
J»ar  the  disc,  or  at  a  distance  from  it.  They  tend  to  l>ecorae  larger 
ind  more  irregular  as  the  case  advances.  They  are  often  esi>ecially 
conspieuoTis  in  or  around  the  macula  lutea,  where  they  present  a 
radiating  form.     In  time  they  may  form  large  areas. 

The  hemorrhages  which  are  very  constant  in  albuminuric  retiuitis 
may  ftpi>ear  in  association  with  the  white  spots.  They  also  present 
a  striateil  arrangement,  caused  by  the  course  of  the  nerve  fibres, 
among  which  they  lie.  They  are  sometimes  seen  in  direct  relation 
with  the  vessels;  sometimes  they  are  quite  large. 

In  some  cases  of  well-marked  albumiDuric  retinitis  the  optic  disc 
is  not  markedly  affected;  in  others,  however,  the  eilge  becomes  ob- 
BcoreJ,  while  in  ctiscs  in  which  the  disc  is  inflamed  it  may  be  swol- 
len, its  edge  completely  obliterated,  and  its  vessels  concealed  in  the 
puffy  tissue.  lo  some  few  cases  the  swelling  and  inflammation  of 
the  optic  disc  are  the  most  conspicuous  symptoms,  sr»  that  the  condi- 
Hon  simulates  that  seen  in  intracranial  disease.  Even  in  these  oases, 
kotever,  careful  ins]>ectiou  will  usually  reveal  small  heniorrhagee 
signs  of  retinal  degeneration.  The  subjective  symptoms  of 
rfbnimnuric  retiuitis  may  be  almost  entirely  absent.  In  course  of 
tmie»  however,  afifection  of  vision  results,  as,  for  instiuee,  aniblyoiiia 
Mid  impiurment  of  the  color  vision.  Various  limitations  of  the  field 
otrision  may  be  seen,  as  central  or  annular  scotomata,  caused  by  the 
degenerative  patches  in  or  near  the  macula  lutea.  Complete  blind- 
Be«8is  not  common,  although  attat*ks  of  amaurosis  sometimes  occur 
even  quite  suddenly.  In  most  cases  death  results  from  the  advance  of 
tbe  kidney  disease  before  tlie  destruction  of  the  optic  tibres  is  com- 
plete. The  cx>m*8e  of  albuminuric  retinitis  is,  in  fact,  not  always 
steadily  progressive.  Keraissions  occur,  and  Gowers  states  that 
Wteigression  may  proceed  until  the  changes  noted  disaj^pear. 
The  progress  of  the  disease  has  been  ol)served  to  be  influenced  even 
by  treatment;  active  purgation  may  lessen  it,  while  c<mstij>ation, 
mi  the  contrary,  aggravates  it.  In  the  albuminuria  (if  ]>regnancy, 
in  which  change®  in  the  retina  sometimes  occur,  complete  cure 
'may  result  after  a  successfnl  delivery.  As  a  rule,  albuminuric 
loitis  furnishes  ground  for  an  unfavoral>le  prognosis  in  chronic 
ii's  disease.     According  to  Gowers  sucii   patients  seldom  live 

reatment  for  albuioinuric  retinitis  is  quite  useless.     The 
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only  improvement  posBible  ie  from  general  treatment  for  the  state  d 
the  patieDt*s  blcxxl,  ettpecially  by  jmrgation  and  cliai»horeais, 

Ketical  hemorrhages  are  also  seen  not  infrequently  in  permdovi 
amrmia.  As  a  rule,  howeverj  in  this  disease,  according  to  cases  thai 
far  reported,  the  signs  of  active  inflammation  of  the  ner^^e  head  ladl 
retina  are  not  seen.  The  hemorrhages  are  i>robably  due  to  the  i^ 
prayed  condition  of  the  blood,  and  possibly  to  some  deterioration  ui 
the  walls  of  the  small  blood-vessels.  In  our  ignorance  of  the  exact 
pathology  of  pernicious  aniemia  we  cannot  claim  that  the  disease  isdiw 
to  any  special  blood  ]>oiHoiiing,  although  the  theory  that  it  Is  thus 
caiLsed  is  in  accord  with  the  clioicai  findings.  In  a  case  recently  re- 
ported by  the  author/'  these  retinal  hemorrhages  were  obsen^ed. 
This  ease  occurred  in  a  man  who  had  I^een  exposed  to  syijhilis,  aloo 
hoi,  and  malaria.  On  admisHion  to  the  hospital  he  was  markedly 
auiemicj  the  red  blood  cells  l>eing  reduced  ultimately  to  800,000. 
The  blood  presented  also  many  poikiloeytes,  with  slight  excess  of 
leucocytes.  At  the  autojjsy  degeneration  of  the  posterior  colimMifl 
was  found,  and  beginning  slight  degeneration  of  the  latend  tract*  An 
exaioiuation  of  the  eyes  was  made  by  De  Schweinitz,'*  who  found 
the  vessels  of  both  retinae  diminished  in  size,  and  the  retina?  them- 
selves the  seat  of  many  hemorrhages.  In  view  of  the  det^rioratiofl 
of  the  l)lood  and  blood-vessels  of  tlie  retina  which  these  findings  sug- 
gest, it  is  perhaps  alhrnable  t(»  suppose  that  cases  may  yet  occur  in 
\\'liich  the  optic  nerve  fibres  may  be  found  either  inilamed  or  atro- 
]  allied. 

Disease  of  the  Crumal  Bones ^  especially  when  it  involves  the  mem- 
l)raues,  may  cause  ojjtic  neuritis.  These  cases,  however,  are  prop- 
erly to  be  classed  with  cases  of  meningitis.  This  disease  is  osuaBy 
a  caries  associated  with  purulent  meningitis,  and  the  inflammatioii 
frequently  extends  to  the  optic  tract  or  optic  nerve  by  direct  conti- 
nuity. 

Gowers  refera  to  several  cases  of  general  hyperostosis  of  the  honefi 
of  the  skull  in  which  optic  neuritis  or  atrophy  was  observ^ed.  In 
some  of  these  castas  narrowing  of  the  optic  foramina  had  occurred, 
and  this  by  causing  prt?Hsurc  on  tlie  nerve  trunk  had  probably  excited 
iin  inflammatidu. 

(hi/iial  hijfaHittmtjotL — A  form  of  optic  neuritis  within  the  orbi*  " 
described  by  oidithalniologists.     In  this  form  the  changes  in  the 
liillaare  secondary  to  the  inflammation  of  the  nerve  in  the  orbit,  an' 
not  always  inflamniMtory  in  character,  but  may  be  simply  atro 
the  result  of  the  deeper  seated  iutianjmation.     Such  cases  m 
caused  Irv  an  inflammation  within  or  at  the  back  of  the  orbit,  su. 
\e  cellulitis  caused  by  facial  erysipelas.     In  these  cases  inflam 
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y  or  may  not  be  seen  iii  tiie  nerve  head.  Its  presence  there  cleiieDtU 
ufHJD  whether  the  process  extends  thus  far  along  the  nerv'e 
In  this  connection  it  must  be  remembered  that  the  cell  bodies 
optic  neurons  are  in  the  retina,  that  consequently  the  nutritive 
of  these  neurons  are  not  impaired  in  such  cases,  and  that,  ac- 
^  to  the  Wallerian  ktw,  the  descending  degeneration  would  ex- 
kfld  brainward,  and  not  towartls  the  m^tina.  The  fact  is,  however, 
Umt  in  some  of  these  eases  distinct  evidences  of  atrophy  are  visible 
in  the  discs,  and  this  may  be  due  to  the  involvement  of  those  optic 
Sbres  that  grow  from  the  brain  into  the  retina.  In  some  of  these 
eases  blindness  occurs  \erj  early,  and  may  not  l>e  associated  with  the 
Tiaible  signs  of  acute  inflammation  of  the  optic  disc.  In  such  cases 
«iopbthalmos,  not  necessarily  of  high  degree,  may  occasioually  be 
leen.  Another  form  of  orbital  or  i^trobulbar  optic  neuritis  is  the 
dironic  form  caused  by  certain  toxic  agents,  such  as  lead,  alcohol, 
md  nicotine.  It  is  also  seen  sometimes  in  infectious  diseases,  such 
as  rheumatism,  tliphtheria,  and  tJie  various  exanthemata.  It  has 
been  d6seril>ed  by  De  Schweinitz  under  the  title,  "  Toxic  Amblyopia." 
As  ia  the  acute  form  signs  of  active  inflammation  in  the  nerv^e  head 
are  often  invisible.  Occasionally,  however,  the  tlisc  may  be  slightly 
swollen  and  the  color  deei>ened,  while  a  patch  of  consecutive  atrophy 
appeiirs  later,  especially  in  the  lower  and  outer  segment.  The  sul> 
jectiTe  symptoms  of  this  condition  are  charat'teristic.  These  are  di- 
iniirotioD  of  vision  and  central  scot^jraa,  usually  oval  in  shape,  between 
tliefiiation  point  and  the  blind  spot  in  which  the  perception  of  red 
M»d  green  especially  is  lost.  The  commonest  causes  for  this  retro- 
bulbar optic  neuritis  are  tobacco  and  lead.  Other  poisons,  such  as 
ilcoliol,  quinine,  opium,  carbon  bisulphide,  and  iodoform,  and  |>os- 
siblv  also  rheumatism,  gout,  and  diabetes  may  cause  it.  The  path- 
J  olqgj^  is  tlie  same  as  that  in  perifiheral  neuritis.  The  process  affects 
especially,  for  some  unknown  reason,  the  pai>i]lomaeular  fibres  of 
tta  optic  nerve. 

In  chronic  lead  poisoning,  according  to  T,  Oliver,  atrophy  of  the 
optic  nerve  head  is  not  iiafrequentlv  obser\'ed.  It  is  possible  that 
fiiost  of  tijese  cases  of  atrophy  restdt  from  a  retrobulbar  optic  neuritis 
«ac!i  as  haa  already  been  described. 

Changes  somewhat  similar  to  those  seen  in  albuminuria  and  per- 
nirioas  anaemia  occur  occasionally  in  diabetes.  Hemorrhages  and 
spote  of  degeneration  may  be  observed  in  the  retina.  Ophthalmol- 
tigists  obser\'e  fine  distinction  between  these  spots  and  those  of  albu- 
ttdiKuic  retinitis.  Nettleshij)'''  has  depicted  the  changf^s  due  to 
wtinitis  in  diabetes,  and  Gowers  gives  a  minute  description  of  the 
tkiiges  in  the  eye-ground  due  to  diabetes.     But  as  this  subject  be- 
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lougH  rather  to  Dx>hthalmology  than  to  neurology  no  attempt  is  madt 
in  the  text  at  an  elaboi^ate  description, 

In/ecthm  Diseases. --In  typhoid  fever  instances  have  been  re- 
ported of  optic  neuritis  %vhich,  however,  were  probably  due  to  as- 
sociated meningitis.  In  typhus  fever  changes  in  the  optic  nerve  are 
rare,  and  when  they  occur  are  probably  the  result  of  meningitis  or 
the  results  of  emboli  or  thrombi. 

In  relapsing  fever  Oliver  says  that  choroiditis,  cyclitis,  andretind 
and  optic  nerve  complications  may  all  appear.  In  scarlet  fever,  n^ 
cordiug  to  this  author,  double  papilloretinitis  has  been  observed 
without  the  presence  of  albumin  in  the  urine.  In  such  cases  tba 
chauges  in  the  optic  nerve  are  probably  due  to  a  comi>licatiug  meih 
ingitis.  lu  the  multiple  neuritis  following  diphtheria  grave  opfe 
nerve  disease,  while  rare,  has  been  seen.  Oliver  quotes  a  case  in  a 
boy  aged  twelve  ^-ears  who  had  double  retinitis  with  partial  degener- 
ation of  the  i>i>tic  nerve  and  who  at  the  end  of  five  years  bad  marked 
reduction  of  normal  vision  in  both  eyes. 

In  measles  optic  nerve  changes  have  also  been  obBerved.  These 
are  pn>bably  due  to  an  inflammation  of  the  nerv^e  extending  from  a 
meniugitis.  In  nut^h  ejises  the  possibility  of  a  localized  tuberculous 
iufectiou  of  the  meninges  must  not  lie  ignored.  In  whooping-coogli 
changes  in  the  e^e-ground  may  be  canned  by  hemorrhage  from  the 
rupture  of  a  vessel  during  a  jjaroxysm.  Embolism  may  occur.  Such 
complication  is  probably  the  most  apt  to  occur  in  patients  sufferiDg 
with  imeumouia  and  meningitis. 

In  small-pox,  according  to  Oliver,  deep  lesions  of  the  eye  are  in* 
fretjuent.  The  case  referred  to  by  Gowera  in  which  optic  atrophy 
apparently  dated  from  an  attack  of  small*pox  is  open  to  some  doubt* 
as  the  patient  had  symptoms  of  locomotor  ataxia. 

In  malarial  poisimiug  changes  in  the  eye-ground  are  not  uuob- 
served.      Oliver,  however,  thinks  that  affections  of  the  optic  nerve  lu 
these  cases  are  rare.     He  says  that  the  discs  may  l>ecomevery  pallid 
and  white,  but  tlie  retinal  vessels  are  small,  while  limitations  of  th^ 
visual  field  are  uliserved.       In  tlie  malignant  malaria  of  the  tropica 
hemorrhagic  retinitis  with  perineuritis  may  be  obser^^ed,  while  fifi^ 
striated  hemorrhages  ma^'  be  seen  in  the  retina.     In  some  of  thai^ 
cases  of  retinal  heraorrliages  in  malaria  the  optic  nerves    are  no^ 
necessarily  inflamed.     During  the  paroxysm  Bamorius,  quoted 
Gowers,  observed  that  the  nerve  heads  were  pallid  and  the  re 
veaaels,  both  arteries  and  veins,  were  very  small. 

In  3^ellow  fever,  a<'eording  to  Cruiteras,  emboli  or  throm 
give  rif^e  to  visual  disturbance.    In  leprosy  grave  ocular  ^ 
QQCiiT.     The  nen-e  substance  may  be  infiltrated  wl 
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even  tlie  retiiia  may  be  involved.     Pollock,  quoted  by  Oliver,  asserts, 
however,  that  no  atrophic  or  pigment  9[x>t«  Lave  ever  been  observed* 

Optic  Atrophy* 

Atrophy  of  the  optic  nerve  luuy  be  eitlier  |>rimary  or  Becondary* 
TliG  latter  is  the  result  ot  a  precedent  iuHaiimiation,  such  as  has  aU 
ready  been  described.  In  all  cases  of  acute  iuBammation  of  the  optic 
upn^o  a  subsequent  atrophy  is  the  chief  result  U)  be  feared.  This  oi 
eourne  indicates  a  destruction  *)i  the  nerve  fibres  and  if  it  is  perma- 
nent results  in  imijoirment  or  losa  of  sight.  The  tii*st  or  primary 
hrm  of  optic  atrophy  ot»curs  without  a  precedent  inflaumiation.  In 
tlieae  cases,  it  is  true,  slight  jirecedent  congestion  and  redness  may 
be  observed,  but  in  the  nuiin  the  prtx^ess  is  a  destructive  atrophic  one 
'  b^m  the  Iteginuiiit;.  The  (juestion  of  its  exact  i>athoh>gy  cannot  be 
diacuBsed  in  tletail  here.  It  ma\'  be  thought  iu  some  cases  to  be 
ideutieal  with  the  sh>w  jjarenchymatous  degeneration  that  character- 
izes fto  many  of  the  systemic  diseases  of  the  central  ner\'*>UB  system. 
This  is  the  more  probable  since  it  is  often  associated  with  such  dis- 
enses.  We  know,  for  instance,  that  locomotor  ataxia  is  apparently  due 
toil  slowly  degen**rative  process  affecting  esi)ecially  the  axis  cylinder; 
t]mt  the  signs  of  inflammation  in  the  comiective  and  vascular  tissues 
are  often  not  prominent.  Optic  atropliy  is  probably  due  to  a  similar 
pTf)cesfl  cAused  by  the  actitm  of  some  toxic  agent  in  the  blood.  If 
this  view  of  the  pathology  of  some  forms  of  i>rimary  optic  atrophy, 
especiall}"  that  seen  in  locomotor  ataxia,  is  correct,  the  process  of 
degeneration  is  somewhat  difTerent  from  that  foUowiug  inflammation. 
Tlie  ai>pearauces  of  optic  atrophy  are  viuite  rliaraL'teristic,  These 
we  especially  increased  pallor  of  the  disc,  increased  distinctness  in 
its  outline  or  margin,  and  as  a  rule  depression  of  the  disc.  In  esti- 
mating variations  iu  the  color  of  the  ojitic  disc  great  care  and  expert- 
M«s  are  essential  on  the  part  of  the  obKcrver.  The  optic  disc  is 
normally  of  a  delicate  pink,  not^  dead  wliite,  and  is  iu  marked  con- 
tract with  the  rednesH  of  the  surrounding  eye-ground ,  ()])tic  atropliy 
of  course  gradually  aflfects  this  delicate  color  so  that  it  is  gradually 
Wt  and  the  disc  is  soon  a  dead  white  or  gray  color.  Iu  the  begin- 
Jiingthe  pallor  is  most  marked  on  the  terajtoral  side,  where  the  fibres 
of  the  optic  nerve  are  the  least  numerous.  On  the  nasal  side,  in  which 
the  normal  pink  is  most  marked,  the  pallor  becomes  of  course  the 
laore  c^:»nspicuous  by  contrast  with  a  normal  disc.  Tliese  fiue  shades 
of  distinction  can  l>e  determined  satiafactorily  only  by  an  expert 
ophthalmoscopist.  In  atlvanced  caseH  the  whole  disc  is  involved. 
rma  of  optic  atr*jphy— the  white  and  the  gray — are  described, 
istinction  is  of  little  clinical  significance. 
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Wlieo  the  atrophy  is  complete  the  edge  of  the  disc  is  even 
distinct  than  iu  health;  the  outline  is  sharpl}^  defioed;  the  scle; 
ring  is  mora  cloar  than  normal  but  not  always  easily  distinguid 
liecause  it  gradually  mer^^es  into  the  ])ailor  of  the  disc  itself. 
l>igmentary  ring  at  the  edge  of  the  disc  may  be  nnusnally  clear. 

The  disc  itself,  instead  of  being  swollen  as  in  optic  neuritis, 
usually  depresned.  Tliis  depresHion  varies  in  different  cases  owing 
variations  iu  the  amount  of  proliferation  of  the  connective  tissue, 
peculiar  mottling  due  to  the  lamina  cribrosa  may  liecome  unusi 
distinct.  The  blood-vessels  in  oj>tic  atrophy  are  not  always  changi 
in  size.  According  to  Gowers  the  vessels  iu  gray  atrophy  undei 
little  or  no  change;  iu  white  atrophy  the  arteries  are  smaller,  but 
veins  are  not  swollen  or  more  tortuous ;  in  fact  the  veins  also 
shrink. 

The  subjective  symptoms  of  atrophy  of  the  optic  nerve  consist  of 
various  forms  of  limitation  of  tlia  field  of  vision  passing  into  coiu- 
jdeto  blindnesH,  According  to  Be  Schweinitz  these  limitations  con- 
sist of  contraction,  irregular  angular  limitations,  quadrant-shafted 
defects,  loss  of  one-half  of  the  field,  and  abnormal  blind  Hjiots  or 
scotomata.  In  some  of  tlieae  cases  of  ataxia  the  red  and  green  fielib 
are  markedly  contracted. 

The  Cannes  nf  of>tie  atrophy  are  usually  some  blood  states  tl 
cause  dc^^encrative  diseases  in  otlier  parts  of  the  nen'ous  system 
well  as  the  apiiG  nerve.  The  most  common  of  these  undoubtedly 
fot'ofiiftfor  ftfaxia.  The  ])rni portion  of  cases  of  tal>es  in  which  atropliy 
of  the  iijitic  nerve  ocem*s  is  jierhaps  not  definitely  ascertained.  It  is 
certainly  very  frequent;  in  fact,  optic  atrophy  is  seen  more  frequently 
iu  posterior  sclemsis  than  in  any  other  disease.  Berger,  quoted  by 
De  Schweinitz,  gives  ffjrty-six  jier  cent,  as  having  lieen  the  proportion 
obser\'ed  in  liis  own  eases.  Gowers,  however,  gives  a  much  lower 
percentage.  Of  seventy  cases  of  tabes  onl^'  nine  presented  atrophy. 
He  quotes  Voigt,  who  found  it  in  nine  out  of  fifty -two  cases,  and 
Erb,  who  found  it  in  seven  rmt  of  fifty-six  cases.  These  results  give 
only  about  ffjurteru  j^er  cent.,  whii*h  fnjm  my  observation  in  the  warda 
of  tlie  Philadelphia  Hospital  I  should  say  was  entirely  too  low. 
Frnoi  tlie  converse  point  of  view,  spinal  symi^toms  afipear  in  a  very 
largn  proporiion  of  cases  of  iJi'imary  optic  atro})]iy.  We  have 
high  authority  of  Charcot  for  tiie  statement  that  nearly  all  cases 
l>rimary  optic  atrophy  present  spinal  syraptoras  eventually.  Gow< 
states  that  tlie  ]>ro|mrtioii  nf  these  cases  is  about  fifty  per  cent. 

Atrophy  of  the  optic  iiervt^s  may  appear  early  in  locomotor  at? 
en  before  the  onset  of  motor  disorders.     There  is  in  fact  a  bo< 

iory  t\'j>e  of  talies  in  whirli  fulgurant  pains^  in  associatioi] 
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►phy  of  the  optic  uerves,  are  for  a  long  time  the  only  marked 
ptom.  Brissanil  '*■'  refers  to  this  type  as  being  particularly 
ible  to  arthroxjathies.  It  may  persist  for  many  yearn  before  the 
of  motor  S3  mptoms,  Lri  Biich  eane^  the  appearance  of  i>rimary 
ffiidionB  atroi)hy  shouiil  :ilway3  excite  the  suspicion  of  beginning 
se  of  the  spinal  cfjrd  or  cerebruiu,  I  now  have  under  observa- 
Don  in  the  Philadelphia  Hospital  a  man  who  ha«  lieen  blind  for 
'veral  years  with  complete  primary  optic  atrophy,  but  who  presents 
I  yet  very  few  symptoms  of  disease  of  the  si>inal  cord. 

Optic  atrophy  in  locomotor  ataxia  usually  appears  in  both  eyes, 
Ithongh  one  eye  may  tie  affected  before  and  to  a  greater  degree  for  a 
inie  than  the  other.     The  atrophy  is  usually  slowly  but  surely  pro- 
iressive,  and  sight  in  many  of  these  cases  is  ultimately  entirelv^  lost. 
of  knee-jerks  is  an  imivortant  confirmatory  symptom  in  some  of 
he^e  sensi:>ry  types  of  taljes.     Instances  are  given  of  an  extraordinary 
lnration  of  this  sensory  type  before  the  appearance  of  ataxic  s^myj- 
0ms.     Buzzard   reported  a  case   which   existed   for   fifteen  years. 
Dowers  refers  to  one  in  which  tlie  atrophy  lasted  twenty  years  be- 
fore the  appearance  of  the  ataxia.     Although  sight  is  lost  in  these 
ctses  the  ]>atients  may  walk  with  comparative  steadiness,  and  this  is 
Id  marked  contrast  with  the  ataxic  gait  of  the  motor  tyjje  of  cases  in 
tkieh,  as  is  well  known,  the  patient *s  ataxia  is  much  increased  ou 
dostire  of  the  eyes. 

The  apjjearances  of  optic  atroi)]iy  in  locomotor  ataxia  are  i>rac- 
tically  those  that  have  alremiy  lieen  descril>ed.  The  disc  is  grav 
in  tone,  the  edge  shai^p,  the  sclerotic  ring  unusually  clear,  while 
the  cancellations  of  the  lamina  cribrosa  are  often  Tisible.  The  vessels 
ii^ii  nde  are  normal  in  si^ie.  The  optic  atrophy  of  hicomotor  ataxia 
fre<niently  involves  the  whole  course  of  these  sensory  iieurous,  hence 
it  Ciia  \wi  traced  brainward  through  the  chiasm  as  far  as  the  external 
g^^nicidate  bodies.  The  change  t\H  fecund  consists  of  an  atrophy  of 
tbe  Der\'e  fibre  with  some  proliferatif>n  of  the  interstitial  tissue. 
The  weight  of  evidence  seems  to  be  in  favor  of  the  process  being 
primarily  parenchymatous,  and  its  resemblance  to  that  in  the  cord 
isiwmdly  considered  by  pathologists  as  striking.  Gowers,  however, 
se^ms  inclined  to  dissent  from  this  view.  The  oue  subjective  symp* 
torn  of  optic  atrophy  in  tabes -is  failure  of  vision.  The  last  part  of 
tie  finld  that  disapijears  is  usually  alxiut  the  fixation  point.  As 
the  initial  limitation  of  vision  is  in  the  periphery,  the  patieut  himself 
may  for  a  long  time  Im  uuaware  that  he  is  becoming  blind.  Color 
^%dneas,  esx>ecially  blindness  for  green  aud  red,  is  au  early  symptom. 
Prom  what  has  already  Vieeu  said,  it  is  evident  that  atrophy  of  the 
er\^e  in  locomotor  ataxia  does  not  depend  upon  the  atrophy  of 
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the  posterior  columns  of  the  spinal  cord;  that  m  Uy  say,  there  is 
direct  auatomical  conoection  between  the  two  sets  of  fibres.     In  oti 
words,  the  disease  [nocess  in  both  is  dependent  upon  a  cob 
cause;  and  this,  according  to  the  modem  view,  is  probably 
toxteniia,  especially  that  caused  by  sypliilis-     The  origin  of  the  uj 
^rve,  as  ahready  said,  is  in  the  cell  bodies  of  the  sensory  neu 
located  in  the  deep  ganglionic  layers  of  the  retina;  while  the  orig 
rf   the    sensory   neurons    in    the    spinal   cord  are   in   the  ga 
of  the  posterior   roots.     It  seems  probable  therefore  that  in 
ca^es  the  ilisease  process  l>egius  independently  in  eiu^h  set  of  nearoU 
This  supposition  is  rendered  more  probable  by  the  fact    thnt 
optic  neiTe,  contrary   to  former  teaching,  is  not  a  true  iieripLen 
organ,  but  is  strictly  analogous^  from  the  embryological  staiiJ|)oiiit,  \ 
as  Monro  has  i>ointed  out,  with  the  sensory  tracts  in  the  spiual  eurij 

The  prognosis  of  optic  atrophy  in  locomotor  ataxia  is  uufavoi! 
Recovery  of  sight  is  just  as  rare  as  recovery  from  the  other  symp 
toms  of  tabes.     The  progress,  however,  of  the  t>ptic  atrophy  is  son 
times  exceedingly  slow  and  many  yeana  may  elapse  before  the  fjatie 
is  completely  blind. 

General  paresiH  ]i resents  optic  atrophy  not  unfretiuently.  The  ei*^ 
act  frecpiency  of  this  symjitum  is  a  question  of  some  doubt.  Tli« 
statement  of  Albutt  that  only  5  cjises  out  of  53  xiresented  uomiftl 
papilla  is  probably  misleading.  A  later  observer,  Uhthoff,  '  found 
atro|>hy  of  the  disc  in  8.04  per  cent,  of  his  cases.  Of  167  cases  ifr^ 
corded  by  Galezowsky  and  others  (fiuoted  by  De  Schweinit;?)  7.0 
per  cent,  presented  ojitic  atro]}h\".  Other  observers  claim  about  the 
same  figure,  5  and  <i  per  cent,  being  about  a  common  average, 
Sx>it55ka  fountl  atrophy  in  3  cases  of  general  paresis  out  of  3i-*,  while 
choked  disc  was  seen  in  but  1  and  pronounced  hyperemia  iji  4 
According  to  this  hist  ol>sorver  the  atrophy  is  found  most  commonly 
in  thtjse  cases  of  general  imresin  that  are  associated  with  jwa^ 
terior  sclerosis  f>f  the  spinal  cord.  While  this  is  undoubtedly  true, 
it  would  be  a  mistake  to  supijose  that  this  type  alone  of  geDeml 
paresis  |irosents  oi>tic  atrnphy,  I  have  seen  it  in  a  numlier  of  caeefl 
in  the  Pliiladclphia  Hospital  in  which  the  symptoms  of  tabes  were 
absent.  This  ati'ophy  in  general  paresis  is  |iractically  identical  id 
a[)pearaneo  with  that  which  has  already  been  described  in  locomr*- 
ataxia.  It  seems,  however,  accc^rding  to  Oliver,  that  the  atrc 
is  especially  marked  on  the  temporal  side— an  observation  that  ^ ' 
verified  Tiy  Spitzka.  In  addition  to  the  optic  atrophy,  general  p 
sis  sometimes  j>resents  a  slight  discoloration  of  the  disc  and 
rnnnding  jiarts  of  the  retina. 

This  degeneration  of  the  optic  nerve  in  general  paresis,  just  a 
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locomotor  ataxia,  is  probably  an  expression  of  the  general  systemic 
iffection  rather  than  the  result  of  the  progress  of  the  disease  by 
direct  continuity  of  the  optic  nerve  with  the  cerebral  centres.  Clini- 
aUy,  just  as  in  locomotor  ataxia,  it  causes  at  first  various  limitations 
ol  the  fields  of  vision,  passing  ultimately  into  total  blindness.  This 
remit,  however,  may  be  long  delayed. 

Ingular  sclerosis  not  infrequently  presents  atrophy  of  the  optic 
nerre.  According  to  Uhthoff '"  who  analyzed  100  cases — 67  males, 
33  females,  the  figures  are  as  follows :  3  cases  presented  complete 
atrophy,  19  cases  incomplete  atrophy,  and  18  cases  atrophy  of  the 
tn&poral  half  of  the  disc,  somewhat  similar  to  that  described  in 
geoeral  paresis. 

Acoording  to  Uhthoff  the  changes  in  the  optic  nerve  in  multiple 
sclerosis  have  special  characteristics  that  distinguish  them  from  other 
ianoA  of  atroi)hy.     They  stand  midway  between  tabetic  atrophy  on 
the  one  hand  and  postneuritic  atrophy  on  the  other.     The  changes 
appear  to  resemble  those  of  interstitial  neuritis  marked  by  prolifera- 
tion and  growth  of  nuclei.     Atrophy  of  the  nerve  substance  follows 
M  a  secondary  result.     The  medullary  sheaths  are  destroyed  rapidly, 
the  axis  cylinders  being  preserved  permanently  in  many  places.     The 
blood-vessels  undergo  changes  in  their  walls  with  proliferated  tissue 
aiound  them.     Descending  degeneration  of  fibres  is  sometimes  absent. 
The  papilla  may  even  maintain  its  normal  appearance  although  ex- 
tmsive  retrobulbar  atrophy  has  occurred.     Uhthoff  speaks  evidently 
of  descending  degeneration  passing  from  the  brain  to  the  eye.     We 
know  now,  however,  that  the  trophic  centres  of  many  of  the  optic 
fibres  are  in  the  cell  bodies  of  the  neurons  of  the  deep  ganglionic 
liver  of  the  retina.     It  is  evident,  in  fact,  from  Uhthoff' s  description 
that  the  most  intense  change  often  occurs  in  the  retrobulbar  portion 
erf  the  optic  nerve  and  that  the  papilla  and  retina  show  comparatively 
few  changes.     This  evidently  indicates  that  the  trophic  centres  of 
these  optic  neurons  are  not  primarily  involved. 

rhtiioff  gives  the  following  table  of  the  sex  and  age  of  his  one 
hondied  patients  with  multiple  sclerosis : 

Age.  Males.  Females. 

40  to  50 16  3 

50to60 4  3 

60  to  70 1  0 

Optic  neuritis  was  present  in  5  cases ;  it  was  monocular  in  3  and 
binocular  in  2.  Vision  was  affected  in  4  out  of  the  5  cases.  The 
Appearances  were  normal  in  48  cases.  In  5  of  these,  however,  there 
was  disturbance  of  vision,  and  in  1  of  the  latter  cases  changes  in  the  op- 


1  to  10  . 

Malen. 
4 

Females. 
2 

10  to  20 . . .     . 

2 

4 

30  to  30 

80  to  40 

18 

22 

9 

12 
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tic  nerve  were  discoveretl  ui)oii  microscoiiic  examination  after  d 
Among  changes  noted  in  the  fields  were  central  scotoma  with  iai 
periphery,   central   scotoma  with  peripheral  contraction,  i] 
peripheral  contraction  with  relativel}^  ^ood  central  vision,  and 
caae  regular  concentric  contraction  of  the  field.     The  course  of 
amblyopia  was  traced  in  22  of  these  caaee*     In  one-half  it  caina 
rapidly,  in  the  others  gradually.     In  some  cases   improvemenl 
vision  occurred  and  in  2  cases  recovery  of  normal  Wsion  was  ii( 
In  4  eases  the  amblyopia  was  an  initial  symptom  preceding  all 
symptoms  of  the  multiple  sclerosis  by  as  mnch  of  an  interval  as 
two  to  three  years.     The  first  symptoms  were  those  of  retrol 
nenritis. 

Uhthoff  gives  statistics  also  of  paralysis  of  the  ocular  mi 
met  with  in  his  one  humlred  cases,  as  follows : 

Paralysis  of  the   ocular   movements  present   in  17   cases, 
paresis  of  the  sixth  nerve,  G  cases  (binocular  in  2,  monocular  in 
Paresis  of  the  third  nerve,  3  canes  (monocidar  and  partial  in 
instiince,  in  1  case  the  levator  of  the  lid  and  superior  rectus 
aflected,  in  1  the  interaal  rectus  and  in  1  the  superior  rectus).    R 
sis  of  associated  movements,  2  ciuses  (of  lateral  movements  in 
directions  in  1,  towards  the  left  in  1,  upwards  in  the  third).     Pi 
of  convergence  in  3  cases.     Pronounced  ophthalmoplegia  externa 
2  cases.     Nystagmus  waii  met  with  in  58  of  the  cf^ea.     Involve 
of  the  pitpils  was  rare,  being  found  only  in  11  of  the  100  eases. 

It  thus  appears  that  insular  sclerosis  ranks  next  to  locomotor 
ataxia  in  the  frerpiency  with  which  it  presents  optic  atrojihy.  De 
Sehweinitz'*  regards  the  amblyopia  of  multiple  sclerosis  as  most  re- 
sembling non-toxic  retrol  miliar  neuritis.  According  to  Gowers  tbia 
amblyopia,  however,  rarely  goes  on  to  complete  loss  ,of  sight.  Eb 
even  claims  that  it  may  l^e  unattended  by  the  ophthalmoscopic  aigsi 
of  atrojihy.  In  some  canes  the  ojvtic  nerve,s,  he  says,  are  occupied 
by  patches  of  sclerosis  just  as  in  the  central  nen*ons  system.  The 
nerve  fibre,  he  thinks,  ma}^  pass  through  these  patches  intact. 

In  Friedreich's  ataxia  atrophy  of  the  optic  disc  has  been  observed 
by  Power  and  Seguin,  quoted  by  Griffith/'  In  this  latter  author's 
elaborate  study  these  two  cases  alone  out  of  one  hundred  and  forty- 
three  eases  preseuted  optic  atropliy.  To  be  sure,  he  says  tha^  — ^ 
thalmoscopic  examinations  had  been  made  in  only  about  thirty 
of  these  cases.  In  none  of  them  was  any  change  of  importance 
excepting  in  Power's  case,  in  whirh  the  discs  were  rather  whit^ 
in  one  of  Seguiu's^  in  which  there  was  partial  atrophy  of  both 
nerves.  Oliver  found  narrowed  field  in  one  of  Sinkler's  casea 
this  he  attributed  to  clianges  similar  to  those  seen  in  tabes. 
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Schwemitz  states  that  he  has  made  similar  observatioDs.  On  the 
wbcie,  according  to  Griffith's  table,  the  study  of  the  eye-ground  in 
this  disease  has  been  too  much  neglected,  and  it  is  possible  the 
ebaoges  in  the  optic  nerve  may  be  found  yet  to  be  more  common  than 
is  generally  supposed.  In  a  well-marked  case  of  Friedreich's  ataxia 
mi  present  nnder  my  observation  in  the  Philadelphia  Hospital  the 
visual  fields  are  slightly  contracted. 

In  amyotrophic  lateral  sclerosis  atrophy  of  the  optic  disc  is  not 
commonly  observed.  Isolated  cases  are  on  record,  however,  as  that 
of  Petelsohn,  quoted  by  De  Schweinitz. 

In  lateral  sclerosis  it  is  also  practically  unknown.  I  do  not  recall 
an  instance  of  it  in  my  observations  at  the  Philadelphia  Hospital. 
Gowers  states  that  he  has  seen  it  once. 

In  injuries  of  the  spinal  cord  optic  atrophy  is  not  observed.  The 
opinion  that  it  sometimes  occurs  seems  to  be  founded  originally  on 
tiie  assertion  of  Albutt,  but  this  has  not  been  generally  confirmed. 

According  to  Oliver  the  various  infectious  diseases  sometimes 
diow  changes  in  the  optic  disc. 

Diseases  of  the  Third  Nerve. 

The  third  or  oculo  motor  nerve  supplies  most  of  the  muscles  of 
die  orbit  as  well  as  the  iris  and  ciliary  muscle.  It  arises  from  a 
■eries  of  nuclei  containing  large  ganglionic  motor  cells  just  beneath 
the  aqueduct  of  Sylvius.  The  most  anterior  of  these  ganglionic 
eeDs  lie  in  the  walls  of  the  third  ventricle.  From  this  point  the  nu- 
clei extend  backwards  almost  the  whole  length  of  the  aqueduct.  The 
vhM  of  the  nerve  emerging  from  the  nuclei  pass  ventrad  through 
tbe  tegmentum  and  the  crusta  to  the  inner  side  of  the  cerebral  crura. 
The  nerve  emerges  on  the  inner  surface  of  the  cms  cerebri.  As  it 
emerges  from  the  brain  it  receives  a  sheath  of  the  pia  mater  and 
of  the  arachnoid.  After  piercing  the  dura  mater  it  i)asse8  along  the 
vill  of  the  cavernous  sinus,  being  situated  above  the  other  orbital 
nerves.  It  receives  in  its  course  a  few  fibres  from  the  sympathetic. 
It  enters  the  orbit  by  two  branches  through  the  sphenoidal  fissure. 
U  is  here  placed  below  the  fourth  nerve  close  to  the  frontal  and  lac- 
rrmal  branches  of  the  ophthalmic.  Of  its  two  divisions  tlie  su- 
perior, or  smaller,  supplies  the  superior  rectus  and  the  levator  pal- 
pebne  muscles.  The  larger,  or  inferior  branch,  subdivides  into  three 
hnnches.  One  passes  beneath  the  optic  nerve  and  supplies  the  in- 
ternal rectus.  The  second  passes  to  the  inferior  rectus.  The  third 
jMMSPS  to  the  inferior  oblique.  Fibres  are  also  supplied  by  the 
oerre  to  the  iris  and  ciliary  muscle. 
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The  arrangeioent  of  the  nuclei  of  the  third  nene  in  the  mid 
and  the  relatiooB  of  these  nuclei  to  the  nuclei  of  the  fourth  and  i 
Bervea  are  of  great  climcal  interest.  These  nuclei,  as  pointed  \ 
by  Edinger,  probably  eouBist  of  a  complex  of  smaller  nuclei 
what  separated  from  each  other.  He  thinks  that  in  human  I 
distinct  demarcjitioo  can  be  made  out.  The  most  anterior  is  a  f 
nucleus  lying  even  partly  in  the  waO  of  the  third  ventricle.  Fa 
back  the  series  of  nuclei  of  the  third  nerve  evidently  tends  to  1 
separated  into  groups.  One  of  these  groups  gives  origin  to  fib 
which  decussate  within  the  structure  of  the  midbrain  with  those  ( 
the  opposite  side.  The  fibres  from  the  other  nuclei  do  not  decu 
but  pass  out  by  the  nert'e  trunk  on  the  same  side.  Etlinger  thinkai 
it  has  been  satisfactorily  determined  that  the  nuclei  of  the 
nerve  supply  the  individmJ  muscles  of  the  orbit  in  the  folloi 
order  from  before  backwards : 


Sphintter  i  rid  is,  Musculus  cilmris. 

Levator  palpcbriEi  Rectus  interaus, 

Rectus  fiuperior,  Rectus  inferior, 
Ohliquus  inferior. 


Middle  line. 


According  to  this  arrangement  the  nerves  to  the  internal  miisclOj 
the  iris,  and  citiary  muscles,  arise  from  the  foremost  of  these  nucki 
The  decusHatiug  fibres  prnbably  pass  to  the  intermd  rectus.     Tbere* 
lation  of  thewe  nuclei  with  the  optic  nerves  raises  questions  of  mnA 
clinical  imi>ortancp.     Tliat  there  are  such  connections  is  induliitable, 
iK^cauRO  tlie  eye  reflcxos  and  the  various  associat^i^d  moveraents  nf  tk 
eye  must  dej^^nd  ujiou  such  anatomical  connections,     Edinger  sajs 
that  such  an  auat<^>mical  basis  has  not  yet  l>een  demonstrate<i  al- 
tliou^di  Tjuincrrni8  fibres  exist  which  might  form  the  communication. 
Tlicit  thi^  varitms  muscles  of  the  orbit  and  of  the  interior  of  the  ey« 
havo  tliiMr  indi\idual  nuclei  is  made  evident  from  the  cliuica!  fad 
thiiid<*^enHnitivediseasej4  sometimes  occur  in  which  some,  but  notiU, 
of  tb*'se  muscles  are  affected  or  in  which  some  are  affected  beion 
others.     The  paralysis  caused  b}^  disease  of  the  nuclei  of  the  thiid 
nerve  and  of  the  nuclei  of  the  asRociatod  fourth  and  sixth  nerves  li 
called  fiijlitlinlmoplogia.     It  may  l)e  partial  or  complete  and  its  vari- 
ous fnrms  will  }ye  described  later,  after  the  description  of  the  indi- 
vidnal  diseases  of  the  third,  fouHli,  and  sixth  nerves. 

The  third  nerve  may  be  affected  by  inflammation,  by  pre 
or  by  trauma. 

Inflammation  of  the  third  nerve  is  a  very  common  symptc 
syphiUtic  meningitis  at  the  base  of  the  brain*     Ricord  lias  saiu 
"syphilis  places  its  sign  manual  on  the  third  nerve/*     In  some 
the  nerve  is  paralyzed  without  evidence  of  involvement  of  other  s 
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even  the  meixinges.     In  such  a  case  it  is  possible  that  the 

imatioii  may  be  entirely  limited  to  the  sheath  of  the  nerve  or 

trttnk.     Diphtheria  also  inay  cause  inflammation  of   tlie  third 

or  some  of  it**  branches.     In  locomotor  ataxia  paralysis  of  in- 

aal  nmacles  supplied  by  the  third  nerve  is  sometimes  seen,  thus 

pvatnres  pali>ebrariim  may  be  affected  or  paralyzed.     The  external 


fm.  !«.— Gomplete  ParaJysla  of  the  RJubt  Third  Nerre  fa  ft  Case  of  Syphllbi  of  the  Brain, 
(From  a  pliotograph  of  a  patient  in  the  Philadelphia  HoMpituJ,  | 

rpctns  and  superior  rectus  are  also  not  uncommonly  involved.  In 
cases  all  the  raiiHcIes  supplied  by  the  third  nerve  are  involved 

tabdB.  Both  eyes  or  only  one  may  lie  aft'ected,  the  same  mimcli^s 
not  being  necessarily  involved,  or  involved  to  the  same  extent  in  both 
ey€«.  In  tal3e.s,  however,  it  is  still  a  question  whether  these  ocular 
palsies  are  due  to  involvement  of  the  nerve  trunk  nr  to  that  of  the 
nuclei.  The  degeneration  of  tabes  is  so  nearly  confined  in  all  jiarts 
of  the  nervous  system  to  the  sensory  fil>re8  that  it  may  l>e  a  question 
whether  in  this  instance  the  third  nerv^e  forms  a  true  exception  to  the 
rule. 

Alcoholic  neuritis  does  not  inYolv©  the  third  nerve  or  its  bruiiclirs. 
Ottes  of  inflammation  of  this  nen^e  occasionally'  occui*  after  exposure 
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to  cold.  In  such  caeee  Goweni  in  incliiieil  tu  tliink  tliat  the  cai 
the  inflammation  may  be  a  rheumatic  poiBou,  but  id  all  such 
the  action  of  a  poftsible  svphilitic  infection  must  l>e  rigidly  excli 
Charcot "  has  de9cril:»ed  a  rare  form  of  paraly&is  of  the  ocularm 
associated  with  migraine.  The^e  cases,  like  the  mii^aine  it^U, 
recurrent,  and  after  enduring  for  a  period  of  days  or  weeks 
The  paralysis  falls  not  only  upon  the  branches  which  supply 
exterior  muscles,  but  also  upcm  those  which  supply  the  inl 
muscles,  i.e.,  ciliary  muscles  aod  iris.  It  is  consequently  a 
ophthalmoplegia.  Such  cases  have  been  reported  hy  Manz,  Sei 
and  others.  Charcot  calls  this  afiectiou  "  migraine  ophthalmoj 
gique."  The  pathology  of  the  disease  is  uncertain,  but  an 
vation  of  Gubler'"  upon  a  jiatient  who  had  died  seems  to  prove 
the  oculomotor  nerve  may  be  envelo]>ed  in  an  iullammatory  e: 
tion.  Charcot  seems  iiu-liued  to  l)elieve  that  the  repeated  ac< 
the  ]>aralysiB  due  to  the  underlying  cause  which  produces  the 
grnine  jiredispose  the  nerve  to  an  inflammatory  or  exudative  pi 
but  this  theory  is  as  yet  only  tentative.  Vasomotor  distnrl 
are  supposed  by  some  to  l>e  tlio  primary  nnderlyiug  cause 
the  affection,  but  this  explanation  fails  to  exi^lain.  The  hict,  h 
ever,  that  the  occurrence  is  jiaroxysma],  and  tliat  the  jmralj*  sis  of  tim 
nerve  graduHll\'  passes  away  seems  to  [irove  conclusively  that  tb§ 
cause  itself  is  not  perinunejit.  That  tlie  affection  may  Ije  nuclear  in 
origin  is  not  ira probable.  Against  this  view,  however,  is  tLe  iact 
that  usually  tlie  tljird  nerve  alone  is  involved  and  very  fre^iuenlly  on 
one  side  only,  Fnr  the  jiresent  the  patholugy  of  this  rare  affaiios 
jnust  be  considered  obscure.  The  paralysis  may  hist  for  only  afef 
days,  or  in  severe  cases  for  as  long  as  from  three  to  eight  weeks. 
When  the  paroxysms  occur  at  h*iig  intervals  the  paralysis  as  a  rule 
L'Lsts  for  a  longer  time  than  when  they  occur  fre(|uently. 

In  tuljerculous  meningitis  the  third  nerves  may  be  involved  in  the 
exudative  process  at  tin*  bitso  <jf  the  brain. 

Pressure  upon  or  involvement  of  the  third  nerve  may  be  caused 
by  a  tumor,  or  an  aneurysm  at  tlie  base  o(  the  brain.     Tumors  or 
hemorrluige  iu  the  crura  cereliri  very  freipiently  involve  the  third 
nen'e.     Thus  in  a  case  reported  by  the  author"  a  tumor  of  the  mid- 
1 1  rain  involved  the  motor  libres  ]iassing  downwards  from  thf  *""'" 
and  tlie  fibres  of  the  oculomotor  nerve  on  the  same  side. 
lesion  causes  the  well-marked  cross  paralysis  (or  syndrome  of 
in  which  a  hemi[tlegia  of  the  ojjposite  side  coexists  with  para 
the  oculomotor  nerve  on  tlie  same  side  as  the  lesion.     Tumors 
base  of  the  brain  may  involve  one  nerve,  or  both,  according  to 
location. 
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Tarioas  forms  of  trauma  may  cause  paralysis  of  the  third  nerve 
or  some  of  its  branches.  The  most  common  of  these  are  injuries 
within  the  orbit,  especially  gunshot  and  pistol-shot  wounds. 

The  symptoms  of  affections  of  the  third  nerve  are  highly  charac- 
teristic. When  the  trunk  of  the  nerve  is  involved  they  are  as  follows : 
The  internal  rectus  muscle  is  paralyzed,  consequently  the  eyeball  is 
tamed  far  outwards  under  the  influence  of  the  external  rectus,  which 
is  supplied  by  the  sixth  nerve.  The  upper  eyelid  droops  so  as  to 
completely  obscure  the  eyeball.  The  pupil  is  widely  dilated,  be- 
cause its  constrictor  fibres  alone  are  lynralyzed.  The  eyeball  is 
almost  immobile  because  it  cannot  be  rolled  upwards  or  downwards 
by  the  action  of  either  the  superior  or  inferior  rectus  muscles.  If 
the  patient  attempts  to  raise  the  upper  eyelid  the  occipito-frontalis 
muscle  is  strongly  contracted.  Because  of  the  paralysis  of  the  con- 
strictor fibres  of  the  iris  the  pupil  does  not  react  to  light  nor  ui>on 
accommodation. 

If  the  branch  of  the  third  nerve  that  supplies  the  internal  rectus 
alone  is  i)aralyzed  the  symptoms  are  as  foUows :  The  eye  cannot  be 
stnmed  inward ;  in  other  words,  the  patient  has  divergent  strabismus. 
He  also  has  diplopia  or  double  vision.  If  the  muscle  affected  is  on 
Ihe  right  side  the  image  exists  in  the  left  half  of  the  motor  field,  and 
rice  versa. 

If  the  branch  to  the  superior  rectus  is  paralyzed  the  upward 
movement  of  the  eye  is  almost  but  not  quite  abolished.  The  char- 
acteristic feature  of  this  movement  is  that  the  eyeball  is  rotated  by 
the  inferior  oblique  muscle,  which  tends  also  to  rotate  it  upwards. 
Diplopia  is  also  seen.  The  images  are  jJaced  one  above  the  other, 
Ukl  the  false  one  is  the  higher  and  is  slightly  inclined.  If  the 
branch  to  the  inferior  rectus  is  involved  the  downward  movement  of 
the  eyeliiiiU  is  affected,  but  not  absolutely  so,  as  the  superior  oblique 
mascle  tends  to  draw  the  eyeball  downwards  as  well  as  inwards,  and 
thus  supplements  to  some  extent  the  action  of  the  affected  rectus 
muscle.  Diplopia  is  present  in  the  lower  part  of  the  field  of  vision. 
The  false  image  is  below  the  true  image.  On  attempting  to  look 
downwards  the  ui)per  lid  does  not  descend  as  it  does  when  the  in- 
ferior rectus  is  normal. 
^  When  the  branch  that  supplies  the  inferior  obli(iue  muscle  is 
affected  the  movement  inwards  and  upwards  of  the  eyeljall  is  im- 
paire<I.     Diplopia  exists  especially  in  the  upper  part  of  the  field. 

If  the  branch  to  the  levator  palpebrse  muscle  is  involved  the  eyelid 

droops  so  that  it  almost  or  quite  covers  the  eyeball.     The  eyebrow  is 

asnaliy  Roraewhat  elevate<l  from  overaction  of  the  frontalis  muscle,  a 

highly  characteristic  sign.     This  is  probably  due  to  the  fact  that 
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normally  tlie  frouttilig  iiiii«cle  acts  with  the  elevator  of  the  i 
and  that  eoiiHefjueiitly  when  tlie  upi*er  lid  is  ^>aralyssetl  the  attemf 
of  the  patient  to  imiervate  it  caune  au  iucreased  u4;tiou  of  the  QDjiar- 
ttlyzed  froutali.4  in  untile. 

A  case  of  tliirtl'iierve  paralysis  occurring  in  the  AiitJior*s  clinic  in 
the  Philadelphia  Hus|jital  iUustraied  some  characteristic  symptomii* 

The  jtatit'ut  was  m 
\  (lung  man  with  n  hiB- 
tory  of  syphilifl  in 
wliotu  third-nerr©  jm^ 
ralysin  had  come  on 
with  some  headacbe^ 
liut  tio  other  vell- 
rnarked  sy  m ptomB.  In 
liis  c;iHe  the  intCTul 
rectus  musi^l© 
tirely  paralyaed  fm 
that  the  eye  wns  ttuned 
widely  outwards,  Ui>- 
ward  and  dowDward 
niovemeuta  were  also 
ulMjliahed  escf^pt  n 
slight  downward  and 
inward  movemenl 
cjinsed  by*  the 
of  the  superior  oblii|oa» 
The  pupil  was  widdy 
dihited  ant]  immohiln 
to  light  nijd  on  \ 
inoilation.  The  ptoain 
or  dro4>jiiug  of  the  ap- 
I»er  lid,  however, 
not  complete,  althooi^Ii 

Fio    IT  -Fjiral^rala  of  the  Left  Third  Nerve,  with  Partial  Droop-   .1         niifiAnf     Jiajl     VAr» 

laif  of  the  Upper  lid.   iPhiimiwiphi*  «on>ti*iJ  "^*^   puiieni    nail   very 

little  ap[>arent  power 
remaining  in  the  muBcle  of  that  lid.  This  imtient  made  a  aatiii'- 
factory  recovery  under  antinyphilitic  treatment.  During  hia  Sluy  in 
the  ho«i>itjd  he  did  not  dpveloit  any  other  complications  on  tbn 
part  of  the  nervous  system.  His  case  wiis  quite  a  ebaracteiistie  Mp* 
ample  of  syj»hilitic  infection  of  the  third  ner\*e.     (Fig.  17.) 

The  int«'rnal  njUHelea  of  the  eye — ?*.(.,  the  iris  and  the  ciliary 
muscle — l>eing  also  supplied  by  the  third  nerve,  are  jmralyjoed  when 
the  tmuk  of  that  nerve  or  the  branch  through  which  their  fibren 
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affected.  Ajs  the  fibres  of  the  third  uerve  supply  only  the 
ictor  muscles  of  the  iris  this  action  aloue  is  impaired.  This 
yiahi  is  called  iridoplegia.  As  the  dilator  tibre«,  however,  which 
under  the  control  of  the  sympathetic*  uerves  are  not  paralyzeil  the 
pttpil  h  widely  dilated,  so  that  it  cannot  be  said  in  the  thinl-nerve 
^ulsv  that  the  iridoplegia  in  complete,  as  only  one  set  of  fibres — /'.e., 
Ur  constrictor  fil>re8— ia  impaired.  This  x^^i^'i^it^  wuch  complete 
OTeraction  of  the  dilator  fibres  that  the  pupil  is  stretched  widely 
open,  these  dilator  fibres  acting  to  their  utmost  capacity.  Hence 
tlie  pupil  is  practically  immobile,  l>eing  unable  to  contract  Weause 
the  constrictor  fibres  are  jiai^alxzed,  and  being  umible  to  dilate  fuiiher 
because  it  is  already  fully  dilated.  Tlie  reflexes  of  the  iris  are  conse- 
«jneDtly  entirely  alxjlished;  thus  the  iris  will  not  react  to  light  by 
contracting  the  pujjil,  and,  being  already  fully  dilated,  cannot  react 
farther  to  irritation  of  the  sympathetic  tilires  on  the  side  of  the  neck 
and  face  to  dilate  the  |mpiL  Its  iM>wer  U)  contract,  and  consequently 
clo  vary  the  size  of  the  pupillary  ta-ifice  on  aceoramodation,  is  also  en- 
tirely lost.  As  a  conBe<iuence  r>f  this  latter  loss  the  jiatient's  vision 
for  near  objects  in  the  aiFected  e^^  e  is  blurred.  When  the  patient  at- 
IraptB  to  look  at  a  near  object  the  pu]>il  doea  not  eontraet* 

Ab  the  ciliary  body  is  usually  i^ai-alyzed  at  the  same  time  as  the 
iris  in  third-nen^e  paralysis,  the  power  of  accommotlatton  itself  is 
lost,  hence  vision  for  near  olijects,  as  already  said,  is  bluiTed.  This 
Haralysis  is  called  cyclo])legia.  The  patient  cannot  read  with  the 
affected  eye  nor  distinguish  small  objects  close  at  hand.  Distant 
riaion,  however,  may  remain  good.  In  myopia,  however,  and  pres- 
Wopia,  the  absence  of  power  of  accommodation  is  not  so  notable. 
C)'doplegia  or  paralysis  of  the  ciliary  hod>'  is  a  common  aymjitom 
in  diphtheritic  r>aralysis,  in  which  ease  it  is  sometimes  assc related 
with  imralysis  of  some  other  branches  of  the  third  nerve.  The  seat 
of  the  paralysis,  however,  in  diphtheria  may  possibly  l>e  in  the 
nndei  of  this  nerve  in  the  midbrain,  rather  than  in  the  trunk  of  the 
ikerre  iteelf. 

In  some  cases  of  iridoplegia  due  to  third-nerve  paralysis  the  i>upil 
18  Dot  so  widely  dilated  but  that  a  still  further  dihitiition  may  l:>e  ol>- 
tuBed  by  the  so-calleil  skin  reflex,  /.e.,  by  irritating  the  synumthetic 
filires  on  the  side  of  the  neck  and  face.  As  this  reflex  does  not  travel 
through  the  third-ner\^e  fibres,  it  is  of  course  not  really  abolished  in 
any  instance  of  paralysis  of  this  nerve,  but  only  rather  disguised  b\ 
tlie  excessive  dilatation  of  the  pupil. 

The  subjective  symptom  of  paralysis  of  the  third  nerve  is  espe- 
cially diplopia  or  double  vision.  The  exact  phyaiolngy  or  pny- 
chology  of  this  symptom  is  not  easily  explained.     It  depends  of 
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course  upon  the  fact  that  the  eves  no  longer  act  liarmonioiisly, 
axes  of  the  eyes  either  diverging  or  crossing  each  other  in  abiior 
ways.     Gowers"  attempts  to  explain  this   symptom  from  the 
cliologieal  standpoint.     He  seems  to  think  that  it  depends  iif)OD 
error  of  judgment  dei:)ending  upon  the  fact  that  we  jnclge  of  the  j 
tion  of  external  objects  to  our  own  body  by  the  jKiHition  of  the  ey 
ball  as  indicated  to  us  by  the  amount  of  innen^atioii  we  give  to  t 
ocular  muscles*     In  other  words,  we  depend  for  this  knowledge  up 
a  muscular  sense.     Hence  when  one  of  the  ociihir  mu^cle^s  is  we 
ened  the  sense  of  increased  innervation  needed  to  move  this  mn 
m  falsely  interpreted,  and  the  mind  makes  an  en-oneous  iuterpretatioi 
of  the  relative  position  of  the  two  images.     This  explanation  se^n 
somewhat  obscure  and  masatisfactory,  although   it  is  probablj  in 
posiiible  to  give  one  that  will  adequately  explain  the  facts.     From  I 
clinical  standpoint  it  is  probabl\'  suflScient  for  us  to  know  the 
without  attempting  to  theorize  about  it.     The  "  true  image'*  is 
one  formed  by  the  unaflected  eye ;  the  "  false  image"  teing  the 
formed  by  the  affecteil  e\'e. 

The  third  ner\'e  lieing  entirely  motor  there  is  no  sensation  of  ] 
due  to  a  pure  ocul<jmotor  palsy.     If  pain  occurs  in  any  of  tha 
cases  it  is  due  to  the  underlying  cause,  such  as  the  meningitis 
pressure  by  a  tumor  that  involves  the  ner\^e.     In  some  eases,  1 
ever,  a  distinct  sensation  of  giddiness  or  vertigo  results. 

The  course  and  prorptosis  of  oculomotor  palsy  dei>end  of 
upon  the  lesion  that  produces  it.  If  it  is  caused  by  a  clestnictiil 
lesion,  such  as  degeneration  of  the  nuclei,  or  a  brain  tumor,  or  an* 
tensive  incurable  meningitis,  or  an  incurable  trauma,  it  will  mo 
probably  be  either  steadily  lU'ogresBive  or  permanent.  In 
in  which  it  is  caused  by  the  poison  of  syphilis,  provided 
current  symptoms  of  a  more  extensive  lesicm  are  absent,  the  proi?* 
nosis  is  often  favorable.  Active  antisyi>hilitic  treatment  may  relieve 
and  even  permanently  cure  such  cases.  In  the  rare  instances  t« 
which  Gowers  refers,  in  which  tlie  affection  seems  to  be  due  to  ex- 
posure to  cold,  the  jiroguosis  is  also  favorable. 

Tiie  Irealmetd  of  oculomf>tor  ]>alsy  depends  of  course  upon  the 
under lyiug  cause,     la  the  syphilitic  cases,  as  already  said,  an  active 
specific  treatiiiont  is  iudieat<xl.     This  is  best  met  with  inuncti^ — "j 
mercury  or  the  hyperdennic  use  of  surae  mercurial  preparation, 
elated  with  large  doses  of  the   iodides.     In  the  simple  rher 
cases  the  salicyhites  may  be  used,  and  the  use  of  a  mild  ga 
current  is  probably  warrauted.     Extreme  caution,  however,  is 
sary  in  the  use  of  electricity  about  the  eye;  only  very  mild  cur 
should   be  employed.     In  the  grave  cases   caused  by  destruc 
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I,  snch  as  tiimoTS,  meningitisj  and  degenerative  processes  in 
i  nuclei,  little  can  be  done  for  the  relief  of  tills  paralysis. 

Diseases  of  the  Fourth  Nerve. 

The  fotirth  or  pathetic  or  trochlear  nerve  is  the  smallest  of  the 
'elve  cranial  nerves.     It  supplies   but  one  muscle,  the  superior 
bhqae.     It  arit^es  from  a  oueleus  somewhat  posterior  to  the  miclei 
( the  oculomotor  nerv-e.     This  nucleus  is  situated  at  the  level  of  the 
pression  midway  between  the  anterior  and  posterior  corpora  tiuad- 
igemina  (Brace*') .     It  is  Bex>arated  by  a  very  slight  interval  from  the 
lOBterior  end  of  the  third  nucleus.     The  root  of  the  nerve  passes  back- 
lards  and  then  inwards  and  decussates  in  the  sulvstance  of  tlie  valve  of 
lenssens  or  anterior  medullary  velum  with  its  fellow  of  the  opposite 
ide.    This  nucleus  is  connected  with  the  i>osterior  longitudinal  faa- 
icalus,  a  baud  of  fibres  that  evidently  connects  the  various  nuclei  of 
orbital  nerves.     According  to  Bruce  this  decussation  of  the  rm^t  of 
urth  ner%'e,  w^hich  is  the  only  instance  of  such  a  decussation  of 
nerve,  has  been  denied  by  a  number  of  obser%'ers.     Von 
den,  however,  showed  that  extirpation  of  one  trochlear  nerve  in 
bt:»m  kittens  was  followed  by  complete  atrophy  of  the  oiiposite 
nerve  (Bruce),    The  nerve  emerges  from  the  posterior  medul- 
y  velum  liehind  the  corpora  quadrigemina  and  pjusses  around  the 
OQter  side  of  the  cerebral  peduncle.     It  passes  forward  to  the  outer 
irull  of  the  cavernous  sinus  near  and  below  the  third  nerve,  and  en- 
tefg  the   orbit  thi*ough  the   sphenoidal  fissure*     It   enters   the  su- 
J>etior  obli*iue  muscle  on  its  orbital  surface.     In  its  course  the  fourth 
[Jterre  receives  filaments  from  the  sympathetic.     The  fourth  nerve 
IB  the  upx^ermost  nerve  in  the  orbit. 

As  the  fourth  nerve  is  the  smallest  and  simplest  in  its  origin  and 
diatributioD  of  all  the  nerves  of  the  cranium  the  symptoms  of  its  dis- 
eases are  few  and  easily  understood.     The  nerve  supplies  only  the 
BiiI>erior  oblique  muscle.     The  action  of  this  rauscle  is  to  rotate  the 
eyeball  downwards  and  inw^artls.     It  also  rotates  the  eyeball  on  its 
aiiteTo-posterior  axis,  consequently  a  paralysis  of  this  muscle  inter- 
fereg  with  the  movement  and  permits  the  ball  to  l>e  rolk^d  too  far  up- 
wards and  inwards  by  the  action  of  the  unantagonized  inferior  oblique 
fimscle.     Tlie  result  of  this   is  to  cause  a  convergent   strabismus 
when  the  |>atient  attempts  to  look  down,     Tliis  causes  dipl<:>pia  only 
imng  the  same   movement  of  the  eye,  a  condition  which  may  be 
daily  trouldesome  and  dangerous  when  the  patient  goes  down- 
(Herter). 
Isolated  disease  of  the  fourth  nerve  is  extremely  rare,     I  know^  of 
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no  iii8tauce  (»f  it.  It  is  conceivable  that  the  fourth  nerve  mi^hl  1» 
iojiireil  within  the  orbit  without  injury  to  other  nerven,  but  ratiee  of 
this  kiml  munt  Im  exceedingly  nire.  Bri^Hautl  presents  n  dirtipiim  at 
a  conjoint  lesiou  of  the  sixth  ami  fouHh  nerves  due  to  a  pintol-t^bol 
wound.  Tliis  nerve  is  never  affected  alone  by  Byphilis  nor  by  ineiK 
ingitirt  at  the  base  of  the  brain.  Tumors  of  the  orbit  or  of  the  \mm 
of  the  biaiu  could  hardly  be  so  smidl  aud  so  located  as  to  affet*t  tbift 
nerve  only.  The  only  probable  lesion  that  could  affect  ilie  fourtli 
nen'e  nluue  would  be  degeneratitm  of  its  nucleus  in  the  midbrain, 

Tlie  pathohigy  of  all  such  probaljle  lesions  has  already  been  in* 
dieated  in  the  description  of  the  third  nen^e. 

No  special  fnafmcttf  need  be  descrilied  for  an  affection  flo  ^9^^M 
and  so  inaccessible  as  paralysis  of  the  fotirth  nerve.  In  cases  fli 
which  this  ner^''e  is  paralyzed  along  with  the  third  and  sixth  nerfSft* 
duo  to  degenenitifm  of  the  nuclei,  little  can  be  accouiplisbe^b  In 
ciLses  in  w^hich  it  is  in  vol  veil  along  with  other  nerves  in  syplulitie 
meningitis  at  the  Imse  of  the  brain  the  treatment  of  course  would  l)d 
by  mercury  and  the  iodides. 

Diseases  of  the  Sixth  Nerve. 

This  nerve,  also  called  the  alxlucens,  arises  from  a  nueleuB  some- 
what remote  from  the  nuclei  of  the  other  ocular  nerves.  This  no* 
cleus  is  situated  in  the  tegmentum  of  the  pons  just  beneath  the  under 
surface  of  the  fourth  ventricle.  It  is  surrounded  or  embraced  b\  the 
knee  f)f  the  seventh  nerve.  The  root  of  the  sixth  nerve  arising  from 
this  nucleus  passes  ffirwurds  through  the  tegmentum  of  the  t>ons  and 
emerges  on  its  under  surface,  just  at  the  junction  of  tlie  jmuis  with  th« 
medulla  oblongata.  It  passes  forwards  near  the  other  orbital  nerves 
in  the  wall  of  the  cavernous  sinus  and  enters  the  orbit  through  the 
sphenoidal  fissure.  Passing  between  the  two  heads  of  the  external 
rectus  muscle  it  is  distributed  entirely  to  this  muscle. 

The  action  of  this  nerve,  l)ecauHe  <if  its  limited  distribution,  is  very 
simple.  As  it  supplies  the  external  rectus  muscle  alone  it  [>rt*eiJss 
only  over  the  outward  movement  of  the  eyeball,  and  therefore  ill 
paralysis  allows  the  eyebalb  uuder  the  influence  of  the  unopiKisad 
internal  rectus^  to  \m  turned  far  inwards.  The  patient  eonsequentlr 
has  a  highly  characteristic  internal  strabismus.  This  nerve  is  not 
infrequently  affected  alone.  Its  lialnlity  to  damage  is  inciv  "  '.v* 
its  long  and  exposed  course.     It  may  1  le  affected  in  cases  of  >,  lo 

meningitis  without  involvement  of  any  other  cranial  nerve.  It  nwiy 
also  lie  involvcMl  in  a  circumscribc*d  lesion  of  the  pons.  In  this  way  ii 
is  sometimes  xmralyzed  in  association  with  the  seventh  nerve.     It 
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mi k' lit  possibly  also  be  involved  in  traiimatii  of  the  orbit,  altliou^rli 
Hch  cases  are  rai'e.  In  some  coDiparativel y  lure  iiiBtances  jvaralv sis 
B  ttie  sixtb  nerre  is  associatetl  witli  j]<>l\'iiria  or  cliabetew  iusipidiis. 
^pM  is  possibly  due  to  its  Dueleus  ill  the  poas  being  contiguous  to 
w^  diabetic  centi-e  in  tlie  floor  of  the  fourth  venti'icle.  This  eurious 
^^•»ciation  m  seen  in  a  case  at  i^resent  under  my  care  in  the  Phila- 


VtQ,  18.— Pfcfalfi^is  of  the  Ri^ht  Sixth  Nerve.    (Upson. ) 


Mphk  Hospital.      The  patient,  a  young  man  about  twenty -four  years 
'f  acM,  hm  had  total  i>aralyt^ii*  of  the  sixth  nene  aceomiianied  with 
great  polyuria.     The  hit^ory  of  his  caae  is  as  follows: 

W,  C 21  years,  white,  male,  had  a  history  of  syphilis.    Before 

•dmifisiou  to  the  hos]»ital  he  had  shown  mental  changes  of  slight  de- 

pee,  such  as  inattentii  m  to  Wfirk,  etc.     He  was  brought  to  tlie  hospital 

ia  a  semi-conscious  state.    There  was  no  paral\  sis  of  motion  or  seo- 

s&tion.     His   symptoms  since  his  admission  have  been  as  follows: 

Complete  paralysis  of  the  right  sixtli  nen'e;  slight  droojjing  of  the 

ngLt  side   of  tlie   face;    no   involvement   <:»f  the   fifth    or  of  other 

B|BiiaI  nerves,  except  the  sixth,  aod  possibly  the  eighth    as   tbere 

|Hfeme   dulness   of   hearing;    slight  staggering   gait,  with    a  ten- 

3Sey  to   go  to   the   left;    marked    polyuria.      The   examination  of 

file  eyes  revealed  no  changes    of   imjiortance   in  the   eye-grounds. 

Zifiter  the  patient  had  several  a[)oplectiform  crises,  with  slight  chmii^ 

fpaams  in   the   right   ujiyier  and  lower  extremities.      Aliout  three 

ftontiiB  after  admission  the  i>aralysis  of  the  sixth  nerve  entirely  dis- 
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apx)eared,  and  was  rejjlat'pd  still  later  b}^  a  paralysis  of  the 
nerve.     The  upper  eyelid  dronped,  the  eyeball  was  turned  natr 
and  the  pupil  was  dilated.     There  was  diplopia.     The  iwitieut  oa 
presented  aooftmia.     The  polyuria,  a  tlaily  record  of  which  was  I 
for  many  weeks,  wa8  tiiarked  by  a  tlaily  tlt>w  of  irmn  tifty  to  m  I 
a8  one  hundred  and  thirty  ounces*     There  was  uo  sugar  nor  alb 


FlO.  19.— Pftrttly«i«  of  tlje  RikJu  Sixir,   Srrw   m    ?  ri-.-  of  ^j^phlUa  of   th«*    f*raln,     t»t»rdo(irBI* 
of  the  Tight  mikmmwy  ^laucl.    tPiiilatkJphiii  U<mpltal.) 

in  the  urine.  Progressive  emaciation  set  in  until  the  imtient  hatl  t! 
appearance  of  advanced  luuBcular  atrnjdiy.  As  anomalies  in  tb 
patient  may  be  uoteil  a  very  hif^h  j)alatal  arch,  deficient  hair  on  t 
]>iilM^fi,  and  a  reinarkal»le  development  of  the  right  mammarv  glaii 
(See  FiK^  I'X ) 

Disorders  of  tlie  orbital  miiseleB  and  of  si^ht  have  often  beenf 
served  in  diabeton  iuHipidus.  Spanboch  and  Steinhaus  record  a  c 
in  a  woman  of  bitemporal  hemianopsia  and  polyuria.     The  antli 


— Paralygift  of  the  Ei^rht  Sixth  Nerre  Id  od  Idiotic  Clind.    fEU-yn  Institute.) 


»hilitic  cas*%8  the  freatment  of  eonrHO  in  1j\'  Bpecifio  meilica' 
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Combined  Palsies  of  the  Ocular  Muscles. 

The  ocular  muscles  may  l3e  para] >' zed  in  various  combinatio 
Thus,  as  already  said,  the  external  rectus  muael*^  may  be  paralyi 
in  associatiou  with  the  muscles  supplied  by  the  seventh  nerve, 
a  paralysis  is  probably  due  to  a  focal  lesion  in  the  ptins  in,  or  in  i 
neighborhood  of  tlie  nucleus  of  the  sixth  nerve  and  involving  ' 
fibres  of  the  seventh  nerve  which  course  arountl  it.  The  true 
biued  palsies  of  the  ocular  muscles  are  very  various.  Hutchi 
in  1879  called  attention  to  a  form  of  combined  paralysis  wl 
called  ojihthalmoplegia  or  symmetrical  paralysis  of  the 
muscles.  He  l>orrowed  this  term,  howe%"er,  from  von  Graefe 
Eidenbur^?,  who  had  described  the  condition  before  him.  By 
term  Hutchinson  meant  to  descrilje  especially  a  condition  in  wh 
all  the  extrinsic  muscles  of  the  e>'e  are  paralyzed,  but  in  which  laiil 
rule  the  internal  muscles,  i.e.,  the  iris  and  ciliary  muscle. 
According  to  Hutchiiisoii  its  liest  marked  examples  occur  in  advi 
who  have  had  syi>hilis  mauy  yeai-s  lief  ore,  t.iut  it  has  also  been  • 
served  in  patients  with  inherited  s^^'philis  and  in  some  few  instanc«8 
has  occun^ed  without  a  knowu  cause.  In  this  form  of  paralysis,  asi^ 
rule,  all  the  external  muscles  of  both  eyeballs  are  more  or  less  ia*  J 
volved,  and  in  some  cases  the  paralysis  is  progressive  and  beeom«<i] 
complete,  so  that  the  eyes  are  motionless  in  their  sockets,  DDdef] 
these  circumst4iucGs  the  patient  can  chnnge  the  direction  of  IiisJ 
gaze  only  by  moving  this  head.  In  most  iustauces,  however,  accon 
ing  to  Hutchinson,  the  paralysis  does  not  Ijecome  absolute  and  iil 
rarely  affects  all  the  muscles  in  the  same  degree.  One  or  two  may ' 
even  escape  entirely.  There  is  always  some  ptosis,  but  this  varied 
in  different  cases  and  is  rarely  complete.  This  oplithalmoplegia  ei- 
terua  may,  however,  in  some  cases  be  associated  with  ophthalmoplegia 
interna,  i.e.,  with  |>aralysis  of  the  iris  and  ciliary  muscle.  In  some 
cases,  according  to  Hutchinson,  atrophy  of  the  optic  nerve  with 
bliutluess  results. 

In  recent  years  authors  liave  attempted  to  classify  the  variooft 
forms  of  ojilithalmoplegia  accordiog  to  the  number  of  muscles  ill 
volved  and  the  com]jletenesH  of  the  paralysis,  Brissand  prop< 
following  classification:  Ophthalmojdegia  maybe  first  total  tu 
plete;  second,  total  and  incomplete;  third,  paiiial  and  cc 
fourth,  fiartial  and  iucomjik'te. 

Ophthalmol jlegia  is  total  and  complete  when  all  the  ocula 
cles  are  paralyzed  and  when  this  paralysis  is  complete  or  a 
in  degree.     It  is  totid  and  incomplete  when  all  the  muscle 
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nlyzed,  but  wheu  tlie  paralysis  is  incomplete,  i.e.,  wheo  the  func- 
OBs  of  the  paralyzed  muscles  are  not  absolutely  alx>lishe(L  Again, 
phthalmopleKia  may  l)e  partial  and  complete.  Tliat  is  to  say,  only 
portion  of  the  musculature  of  the  eye  m  involved,  but  this  portion 
completely  paralyzed.  Finally,  oplithalmople^da  may  te  partial 
d  incomplete.  In  tliis  case  one  or  several  muscles  (but  not  all) 
B  paralyzed,  but  incompletely  so — lc,  their  function  is  not  com- 
kiely  ab<  dished. 

This  elaj^sitication  covers  all  possible  forms  {)f  ophthalmoplegia, 
Bpeciidly  if  it  is  designated  in  addition  whether  the  [taralysis  is  bilat- 
or  unilateral.  Thus,  for  example,  a  complete  paralysis  of  all  the 
tnsoles  (both  intermd  and  external)  of  both  eyes  would  l>e  designated 
bikteral  total  and  complete  ophthalmoplegia.  The  distinction,  ol>- 
ed  by  Hutchinson,  between  ophthalmoidegia  externa  and  interna, 
not  sn  important,  beca,iLse  instances  are  extremely-  rare,  in  which 
im  distinction  is  observed  by  the  process  of  disease.  Hutchinson, 
lowever,  insists  in  his  paper  that  such  tlistinctions  do  occur  some- 


Bilateral  total  and  complete  ophthalmojdegia  is  undoubtedly 
ilwavH  due  to  a  destructive  process  in  the  nuclei  of  the  third,  fourtli, 
id  sixth  nerves.  It  may  also  be  caused  by  the  compression  of  a 
famia  tumor  upon  the  roof  of  the  midbrain. 

As  an  example  of  ophthalmoplegia,  partial  and  complete,  we  might 
fittppose  a  paralysis  of  the  third  and  fourth  nerves  on  both  sides 
wmed  by  the  pressure  of  a  tumor  in  the  interpeduncular  space;  in 
mvh  an  instance  the  sixth  nerve  might  escape,  as  its  i>oint  of  exit 
from  the  pons  is  some  tlistance  away.  The  paralysis  in  such  a  case 
would  fall  upon  all  the  muscles  supplied  by  the  third  and  fourth 
nerves;  conse^iuently,  both  eyes  being  left  to  the  influence  of  the  sixth 
Bene,  would  be  turned  far  outwards. 

A  unilateral  total  and  complete  nphthalmnplegia  would  probably 
indicate  a  lesion  in  the  orbit  involving  the  third,  fourth,  and  sixth 
fteires.  Such  a  paralysis,  to  be  sure,  might  l>e  ctjnceived  as  caused 
by  a  destructive  process  in  the  nuclei  of  these  nerves  ih  the  midbrain 
and  J^o^8  on  one  side,  but  such  extensive  unilateral  nuclear  disease 
woolij  not  piroljably  CK*cur. 

An  ophthalmoplegia,  total  but  incomplete  and  liilateral,  would 
"indicate  a  lesion  of  the  nuclei  of  the  third,  fourth,  and  sixth  nerves  in 
flie  midbrain  and  j)ons  that  had  not  yet  at  the  moment  of  oliserva- 
ion  become  completely  destructive. 

A  bilateral  ophthalmoplegia,  partial  and  comi)lete,  would  also 
idicate  a  nuclear  degenerative  or  destinictive  imjcess  which  at  the 
toment  of  observation  had  invaded  and  complet<*ly  destroyed  only 
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some  of  the  nuclei  and  had  as  yet  spared  the  others.     It  would  be  I 
eatne  if  such  an  ophthalmoiilegia  were  incomplete. 

Finally,  a  partial  unilateral  ophthalmoplegia,  either  complete  < 
incomplete,  would  indicate  a  lesion  not  in  the  nuclei  but  somewi 
in  the  course  of  the  nerres  involvedj  t,e.,  upon  one  or  more  brj 
of  the  ocular  nerves. 

The  complete  bilateral  ophthabnoplegia  intema^ — i.e.,  [laralysisl 
the  iris  and  ciliary  muscle  without  involvement  of  any  of  the  ext 
muscles  of  the  eye — would  indicate  undoubtedly  a  lesion  of  the 
and  second  pair  of  nuclei  of  the  third  nerve  group,  i.e.,  those  ly 
near  the  wall  of  the  third  ventricle. 

The  complete  bilateral  ophthalmoplegia  externa  of  Hutchin 
undaubteiUy  constitutes  a  type  and  is  always  due  to  a  lesion  of ' 
nuclei  of  the  third,  fourth,  and  sixth  nen^es  in  the  midbrain 
pons.     It  is  a  matter  of  comparatively  minor  importance,  from  a  c 
nostie  standpoint,  whether  or  no  this  type  ultimately  is  associall 
with  x>ar*ily«is  of  the  interior  muscles  of  the  eyes.     In  such  a  case  1 
indication  simply  is  that  the  nuclei  of  these  interior  muscles,  Iv 
most  anterior  near  the  wall  of  the  third  ventricle,  have  liecome  i 
volved  in  the  destructive  process.     The  point  of  greatest  interest  i 
such  an  ophthalmoplegia  consists  in  the  fact  that  the  destructi 
process  has  fallen  ujton  nuclei  of  nerves  which  are  functionally  i 
ciated,  but  which  are  anatomic^ilh'  widely  separated,  as  in  the 
of  the  sixth  nen^e,  whose  nucleus  is  located  in  the  i>ons  at  som 
distance  below  the  nuclei  of  the  third  and  fourth  nen'es.     This  ' 
stniction  of  the  nuclei  ot  nerves  which  are  physiologically  ass«:jcij 
is  an  interesting  pathological  fact.      It  shows  that  because  of 
functional  identity  they  are  e(iually  exposed  to  some  destructive  pp 
ess  or  to  the  action  of  some  ]>oison  circulating  iu  the  blood.    In 
original  paj>er  Hutchinson  called  attention  to  the  facility  with  whid 
the  progress  of  the  disease  is  induenced  by  iodide  of  potassium* 
to  the  fact  that  many  of  these  patients  had  had  syphilis,  and  he  i 
evidently  strongly  ilisposed  to  Vielieve  that  these  cases  were  of  sypt ' 
ilitic  origin.     In  some  of  his  cases  the  symptoms  of  locomotor  ataxii 
or  some  other  form  of  syphilitic  paralysis  eventually  developed. 

The  profpiosh  of  these  various  forms  of  ophthalmoiilegia  dei)eD(fe 
of  course  upon  their  cause.  In  cases  in  which  tlaey  are  due  j 
ilitic  infection  it  is  ]>ossible,  as  Hutchinson  claims,  that 
of  the  process,  if  not  a  complete  cure,  can  be  obtained.  As,  1 
they  sometimes  become  associated  with  more  widely  destruc 
degenerative  processes  the  prognosis  should  always  be  guarded 
indicate  that  the  nervous  system  is  gravely  affected,  and  the  i 
ity  always  is  that  the  patient  %vill  grow  worse  instead  of  bette 


DISEASES  OF  THE   FTFTH  NERVE.  167 

treatment  of  the  form  of  opLtbalmoplegia  described  by  Hutch- 
is  by  the  iodides  and  mercurv.  T}ie  effects  of  remedies  in 
of  his  cases,  he  says,  were  very  remarkable,  the  i>atieDt  being 
from  a  very  dangerous  position.  He  thinks  the  iodide  of 
,nm  is  the  more  valuable  remedy,  and  that  it  should  be  imshed 
A  long  jveriod.  Relapses  may  occur^  esjieciali^'  if  the  treatment  is 
vigorous  and  long  sustained.  The  progress  of  the  disease,  he 
is  sometimes  arrested^  but  recovery  is  never  complete.  As 
pie  of  bihiteral  partial  fjphtbalmoplegia  Hutchinson  repniied 
of  paralysis  of  both  external  rectus  muscles  in  a  young  man 
omng  injury  to  the  head.  This  paralysis  did  not  come  on  until 
month  after  the  injury  and  was  preceded  hy  a  severe  headache. 
le  left  abducens  nerve  wa;^  affected  first.  The  patieut  held  his 
constantly  turned  towards  his  right  shoulder,  l^eeause  he  saw 
with  his  right  eye.  There  was  no  paraheis  of  any  other  extrin- 
muscle  nor  of  either  of  the  inti^insic  muscles  of  the  eye.  This 
it  had  had  sypliilia,  and  HntchiusoUj  considering  the  slow 
of  the  symptoms,  was  inclined  to  believe  that  the  paralysis  of 
two  sixth  nerves  w^as  due  rather  to  that  disease  than  to  trauma, 
quer;^"  arises  with  reference  to  such  a  case  whether  it  might  not 
tve  been  an  instance  of  syphilitic  infection  arising  at  the  seat  of 
;  injury.  We  know  that  this  may  occur,  i.e.,  that  the  traumatic 
ion  may  become  the  seat  of  syphilitic  infection  in  a  person  who 
)  already  acquired  that  disease.  The  modern  tendency,  however, 
regard  ophthalmoplegia  as  due  to  a  syphilitic  infection  of  the 
Iniclei  would  suggest  a  different  explanation,  i.e.,  that  the  cause 
W  tlie  paralysis  was  a  destructive  lesion  involving  both  nuclei  of 
the  sixth  nerves  in  the  pons  rather  than  the  trunks  of  the  nerves. 
It  seems  probable,  for  instance,  that  the  lesion  began  on  the  side  first 
iffected  (the  left),  and  then  passed  to  the  nucleus  of  the  other  side. 

• 
Diseases  of  tbe  Fifth  Nerve. 

The  fifth  nerve,  the  great  sensory  organ  of  tne  head  and  face, 
trises  from  the  largest  niicleus  or  chain  of  nuclei  t>f  any  of  the  crauial 
nerves  and  is  itself  the  largest  of  these  nerves.  It  is  the  first  of  these 
ves  that  resembles  the  spinal  nen'es,  as  it  has  its  origin  in  two 
namely,  a  motor  and  a  sensory  root ;  and  upon  the  later  or  pot- 
ior root  it  has  a  ganglion. 

The  nuclei  of  the  sensory  branch  of  the  fifth  nerve  are  located 

a  long  distance  up  and  down  the  pons  and  the  medulla.     The 

ixjiOT  branchy  how^ever,  arises  from  a  comparatively  email  nucleus 

the  poos.     The  functions  of  the  fifth  nerve  are  mixed.     It  is  the 
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great  sensory  aerve  of  the  bead,  face,  eye,  nose,  moutb,  t4>]i|^ue, 

[lai't  of  the  neck.     SecoutUy,  h\  ita  lingual  hraDch  it  is  possibly 

of  tb(j  nerves  of  tbe  special  sense  of  taste.     Tbirdly,  by  its  motor 

braucb  it  supplies  the  muscles  of  uiasticatiou,  xiv.,,  the  tempcxial, 

maseeter,  and  pterygoid  muscles.     The  sufierficial  origio  ia  from 

surface  of  the  i)ou8  Varolii  about  midway  between  the  upper 

lower  borders.     The  smaller  or  motor  roc»t  is  seimrated  alightly 

tbe  larger  or  sensory.     The  twL>  branches  of  the  nerre  pass  tt 

the  larger  or  sensory  root  entering  a  large  semilunar  gau^iclion  (Vtm 

Oasserian  ganglion),  with  whieli  tbe  motor  root  has  no 

Ah  the  fibres  of  tbe  sensory  root  emerge  from  tbe  Oasaeiiail 

the3'  are  divided  ink)  tliree  branches:  first,  the  opbtbalmic; 

the  superior  maxillary  ;  third,  tbe  inferior  maxillary. 

The  ophtbalmic  *^r  first  main  division  of  the  fifth  nejrve  suppl 
the  eyeball,  the  mucous  membrane  of  the  eye  and  ncme,  and  the  dda 
and  muscles  of  tbe  eyebrow  and  f«»reh©ad.  The  superior  maxiUary 
or  fifth  division  of  the  nerve  sujijilies  largely  the  skin  of  the  upper 
}*art  of  the  cheek  and  the  upper  teeth,  Tbe  inferior  maxillarr  or 
third  division  of  the  fifth  nene  is  distributeil  esi)ecially  to  the  ImIIi 
and  mncoUH  membrane  of  the  lower  Jaw,  the  skin  about  the  ear  aal 
temple,  tbe  lower  lip,  the  lower  {mrt  of  the  face,  and  through  the 
lingual  nerve  to  the  tongue.  The  motor  branch  of  the  fifth  uanre  m 
distributed  t(»  the  temporal,  masseter,  anil  pterygoid  musclea. 

The  diseases  of  the  fifth  nene  may  l»e  divided  according  as  they 
aft'ect  the  sensory  or  tbe  motor  root.  The  former  may  l>e  subdirided 
ac»cording  as  they  are  characterized  by  abolitiim  of  function  or  by 
irritation. 

Abolition  of  function  or  aua^stbesia  may  be  caused  by  any  lesioii 
in  the  course  of  the  fifth  nerve  or  of  any  of  its  l)runcbes  that  loially 
interrujits  the  conducting  function  of  the  nerve  fibres.  It  is  not,  how- 
ever, a  very  common  symptom  from  such  causes.  Among  tlieee 
causes  may  be  mentioned  tumors  about  the  base  of  the  brain  or  in 
the  orbit;  meningitis,  especially  that  which  is  caused  by  syphilis;  and 
disease  of  the  Ixsnes  of  the  skull.  Tbe  nene  may  also  be  injuTBd  or 
compressed  l\v  disease  in  the  cavernous  sinus,  by  aneurysm,  or  hy 
tumors  or  (cellulitis  in  the  orbit.  Traumata,  esjiecially  thnsf»  caaaed 
by  gunshot  wounds,  may  injure  one  cjr  other  branches  of  the  fifUi 
nerve.  Finally,  among  the  most  common  causes  of  aniestbetda  of 
the  fifth  nerve  are  focal  lesions  in  tbe  pons,  such  as  hemorrhage;, 
tumon*,  embolic  softening,  or  areas  of  sclerosis.  As,  however,  tbe 
nuclei  of  the  sensory  portion  of  the  fifth  nerve  are  spread  over  such 
an  extensive  surface  it  is  not  common  for  all  of  them  to  be  involved 
in  any  one  lesion. 
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neuritis  of  the  fiftli  nerve  m  certainlj^  a  very  rare  affec- 
Gowers  believes  that  it  may  be  caused  by  exposure  to  cold.  A 
Ix  localized  neiiritiB,  such  as  was  i^corded  by  Zielil,  quoted  by 
should  cause  a  Huspieioa  of  syphilis.  Herpes  zoster  is 
,es  oteerved  iu  the  distribution  of  the  fifth  nerve  and  is  evi- 
ly  caused  by  the  same  form  of  iiitiammation  (probalJy  iu  the 
an  ganglion)  that  causes  it  iu  other  jjortiona  of  the  botly. 
The  an«esthesia  due  to  lesions  of  the  fifth  uer\'e  is  distributed 
course  according  to  the  branch  involved.  Should  the  whole  nerve 
be  involved  there  will  be  total  ansesthesia  iu  the  entire  distri- 
on  of  the  nerve.  It  is  more  common,  however,  to  have  anses- 
ia  limitetl  to  the  distribution  of  one  or  more  branches. 
Id  focal  or  unclear  lesions  of  the  pons  the  aniesthesia  may  be 
mited  to  comi>aratively  small  and  irregular  areas.  In  case  one 
ch  is  involved,  however,  the  area  of  distribution  of  the  auees- 
leBia  is  strictly  deioarcated.  Thus  in  orbibd  lesions  the  aniesthesia 
mapped  out  strictly  in  the  area  of  distribution  of  the  ophthalmic 
«rve  on  the  skin  of  the  forehead,  side  of  the  nose,  and  in  the  eyeball. 
!he  degree  of  aujcsthesia  may  vary  according  to  the  completeness  of 
B  leeioD ;  thus  in  some  eases  tactile  seusibility  is  only  blunted,  but 
Bevere  case«  the  sense  of  tcmch  is  entirely  abolished.  Symptoms 
Hl  irritatioD  may  precede  or  accompany  the  early  symi»toms.  Thus 
there  may  be  neuralgic  pains,  or  burning,  tingliug,  or  formication, 
ire  may  be  also  other  symptoms  of  hy persesthesia,  as  pain  on 
re  at  the  points  of  exit  of  the  nerves.  In  some  ca^^es  of  exten- 
sive jtL;i  stlH'sia  of  the  fifth  nerve  there  is  a  sort  of  pseudo-paralysis 
litke  r±m?5cles  of  the  face.  This  is  apparently  caused  by  the  loss  of 
ition.  It  is  not  a  true  paralysis  of  the  muscle  supplied  b\'  the 
BCTenth  ner^'e.  It  is  possibly  a  form  of  ataxia  similar  to  that  seen 
in  other  motor  regions  of  the  body  which  are  dei»rived  of  sensa- 
tiou. 

Vasomotor  changes   may  be   ol^sen'ed.     La  the  early  stages  of 

irritation  there  ma\'  lie  increased  lacrymation  and  salivation,  but  in 

tlie  later  stages  these  two  functions  are  susiiended.     There  may  also 

be  flushiog  of  the  face  or  increased  pallor.     Antesthesia  about  the 

and  mucous  membrane  of  the  mouth  causes  some  characteristic 

iptoms.     When  a  cup  or  dish  ia  applied  to  the  li]>s  the  patient 

Is  but  a  portion  of  it,  so  that  it  seems  to  him  as  tht>u|.;h  the  uteusil 

pm  broken.     He  also  chews  almost  exclusively  on  the  sound  side 

rf  his  mouth,  where  alone  he  has  tactile  sensibility  to  guide  him 

D  the  manipuktion  of  the  bolus  of  food.     Consequently  the  ana^s- 

belic  side  of  the  tongue  may  te  coated  with  a  thick  fur,  aud  this  is 

lot  a  trophic  eflfect,  but  merely  the  result  of  disuse.     Taste  is  aftected 
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on  the  paralyzed  side  of  the  tougue*     But  inEch  doubt  exists  J 
the  couTBe  of  the  taste  fibres. 

The  HeuBB  for  odora  proper  ia  not  involved  in  paralysis  of  the  i 
nerve,  aa  this   depends  entirely  upon  the  olfat^t*>ry  nerve. 
however,  because  of  excessive  ik yness  of  the  mucouH  inembraiia  ( 
sense  of  smell  may  be  blunted.     Care  should  be  taken  to  disjting 
between  odors  proper  and  the  more  irritating  elFeots  of  such  i 
stances  as  ammonia  and  other  pungent  substances*     The 
for  these  latter  may  be  entirely  abolished  in  paralysis  of  the 
nerve.     Mageudie,  followed  by  Claude  Bernard,  Lielieved  that  i 
was  a  function  of  the  fifth  nerve.     Eomberg  properly  criticised 
view  on  the  ground   that  Magendie  in  Ms  experiments  had 
ammonia  and  strong  cheese  and  had  failed  to  tlistinguish  het 
smell  and  common  sensation;   the  latter  was  affected  by  the 
substances,  but  this  was  not  a  true  sense  of  taste  or  smell. 

Among  the  most  important  results  of  involvement  of  the  : 
nerve  are  trox>hic  lesions.     First  of  these  is  herpes.     As  in 
portions  of  the  body  herpes  zoster  follows  the  distribution  of 
nerve  trunk.     In  the  case  of  th*^  fifth  nerve  it  may  follow  any  one  i 
the  main  divisions  or  main  branches.     By  far  the  most  formida 
instance,  however,  is  that  which  occurs  in  cx>nnection  with  the  ap! 
thalmic  nerve.     This  form  is  tlie  very  grave  disease  called  h 
zoster  op/tfhalmivffs.     It  does  not  diflfer  essentially  from  herpes  < 
where,  but  its  gravity  consists  in  the  fact  that  it  invades  and 
destrtiy  the  tlelicate  structures  of  the  eye.     In  this  disease  ve^ic 
form  upon  the  conjunctiva  and  over  the  cornea  of  the  eye,    Tha 
are  accom[>anied  with  severe  neuralgic  pains,  shooting  through 
orbit  aod  al^iut  the  skin  of  the  forehead  and  temple.     In  a  few  < 
the  vesicles  turn  t<»  pustules.     These  in  turu  break  down  intoulo 
or  even  sloughs.     Pus  may  appear  in  the  anterior  ehaml^er  of 
eye.     The  iris  may  become  iiifiamed  and  adherent  and  in  exfc 
cases  j>erf(jration  of  tlie  cornea  may  occur.     Cases  have  even  been] 
ported,  as  by  Noyes,  quf)ted  by  Norris,*^  in  which  cyelitis,  folloi 
by  shrinking  of  tlie  eyeball,  occurred,  and  this  gave  rise  by  svmpafl 
to  iiitliimiiiritiou  of  the  other  eye.     Incases  not  so  grave  perraana 
opacity  may  result  in  the  cornea,  causing  more  or  less  impairment i 
visitm,     Xs  a  rule,  tai*tile  amesth*^siia  of  the  cornea  is  present 
ing  that  the  sensory  ueuroys  of  the  fifth  nerves  are  seriously  11 
According  to  Xt^nis,  the  temj^rature  of  the  skin  on  the  affect 
is  from  one  and  a  iialf  to  tivo  degrees  above  the  norma!.     Ana 
also  uf  the  skiu   io   the  distribution  o(  the  ophthalmic   br 
usufdJy  well  marked,  though  not  necessarily  absolute.     Ca 
been  reported  in  whicli  some  branches  of  the  ophthalmic  ner 
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inToivecl  by  herpes  zoster  without  iiivolvement  of  the  eyeball, 

iD8tance  the  nasal  branch.     It  seems,  however,  that  n&  a  nile 

I  IB  not  the  ease^  as  zoster  of  the  nasal  brauch,  i.e.,  with  vesicles 

the  side  of  the  nose,  is  usually  attended  with  inflammation  of 

!  eyeball   tHut^hinson,  Bowman).     The  canse  ol  herj^es  zoster  is 

ably  always  some  infectious  or  inflammatory  prcx'esH  in  the  gan- 

,  on  the  posterior  or  sensory  root  of  the  nen^e.     (See  the  discus- 

of  trophic  lesions  due  to  nerve  injury  on  pp.  80  et  sef/.)     As 

ganglion  in  the  cjtse  of  the  fifth  nene  is  the  large  Classerian 

ion  we  should  expect,  if  op|X)rtiinity  otfered,  to  find  endence 

disease    in   this   structure.      According    to    Nf>iTis,    Wyss    and 

ener  have   found   extensive  changes.     In  Weidener's  case   the 

ganglion,  five    years   after  the  attack,   was  found  to   be 

ten  and  cicatriiied,  while  in  Wyss's  case  the  nerve  tiiink  only 

weeks    after  the  onset  of  the  herpes  was  found  thickened,  red- 

and  surrounded  by  extravasation  of  blood  from  the  entrance 

I  orbit  up  to  the  ganglion.     These  cases  prove  conclusively  that 

\  zoster  is  a  disease  of  the  sensory  neurons  whose  cell  bodies  are 

id   in  the  large  ganglion  on  the  posterior  r«x>t.     They  are  in 

.  with  citses  of  zoster  in  other  parts  of  the  body,  already  referred 

specially  that  of  Charcot  and  of  William  G.  SpiUer.     The  latter 

erver  has  reported  to  me  verlmlly  a  cjise  which  he  saw  in  Vienna. 

I  X)atient  was  sufl'ering  with  Pott's  disease  in  the  eenicodorsal  re* 

I  and  herpes  zoster  was  obseiTed  along  the  course  of  one  of  the 

stal  nerves.     At  the  autojisy  the  ganglion  of  the  nerve  along 

I  course  the  heri>es  had  l>een  observed  was  found  macrosc<jpi- 

to  be  covered  with  miliary  tul>ercles.     This  case  is  a  lieautiful 

'  iBuKtration  of  the  efl'ect  of  irri testing  lesions  in  the  ganglia  of  the  pos- 

ieritjr  roots  in  the  causation  of  herpes. 

Another  trophic  lesion  dependent  on  diseases  of  the  fifth  nerve, 
but  Dot  herv>etic  in  character,  is  the  well-known  neuroparalytic  oiili- 
tblmia.  This  disease  consists  of  more  or  less  acute  inflammation  of 
tlie  structures  of  the  eye  and  eyelmll  occurring  in  cases  of  paralysis 
«f  tlie  fifth  nerve.  It  is  usually  associated  with  anicntbesia  of  the 
affected  structures  as  well  as  of  other  tissues  sui>plipd  by  the  fifth 
iterveor  its  ophthalmic  branch.  If  this  branch  alone  is  involved,  for 
instance,  the  skin  of  tlie  left  side  of  the  nose  as  wt^ll  as  tlie  mucous 
membrane  of  the  left  nostril  will  Ije  insensible.  As  the  inflammation 
pipgrefises  ulcers  and  sloughs  of  the  cornea  niaA'  form,  perforation 
Jesuits,  the  iris  becomes  involved,  synechifc  or  adhesiniis  Vriud  it 
io  neighboring  parts,  and  ultimately  sight  uaay  l>e  entirely  lost. 
Korris  refxirts  a  case  of  paralysis  of  the  trigemiDus.  ffil lowed  l»y 
Bloughing  of  the  cornea,  which  resulted  in  i»erfr>ratiou  in  the  course 
Vou  XI.— U 
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of  a  few  days.     This  patient  had  an  epithelioma  of  the  lip  and  ] 
sibly  a  secondary  or  metastatic  growth  within  the  brain,  irritating  I 
fifth  uerve  somewhere  in  its  course. 

While  neuroparalytic  ophthalmia  is  always  to  he  feared  in 
ralysis  of  the  fifth  nerve,  it  is  not  an  invariable  symptom.    Ca 
are  recorded  in  which  after  injury  or  disease   the  function  of  1 
nerve  had  been  abolished  for  years  and  yet  the  eye  remained  i 
paired. 

The  course  of  the  affection  varies*     In  one  case  seen  by  me  at  I 
Philadelphia  Hospital  an  indolent  conjimctiritis  vdih.  excessive! 
mation  persisted  unchanged  for  weeks.     In  some  Cixses,  however,  j 
already  said,  the  course  is  rapid  and  the  destruction  great. 

The  cauBe  of  this  form  of  ophthalmia  has  given  rise  to  ma 
specidation  and   experiment.     Ma^endiCj   Louget,   and  others  (oi 
Norris*')  foumi  that  section  of  the  neiTe  (in  rabbits,  for  insti 
causes  anaBsthe^ia  of  the  eye  and  sloughing  of  the  cornea.     Section^ 
the  nerve  anterior  to  the  Gasserian  ganglion  produces  this  effect  ] 
readily  than  section  posterior  to  the  ganglion.     Sir  Charles 
thought  that  the  inflammation  was  due  to  the  fact  that,  sensibili^  1 
destroyed,  the  eyelids  were  not  made  to  close  the  eye  and  to  wash  i 
clear  it,  so  that  inflammation  resulted  from  the  irritation  of  foreij 
bodies.     Graefe,  according'  to  NqitIs,  experimented  on  rabbits 
found  that  section  of  the  fif tli  nerve  caused  eomjilete  opacity  of  I 
cornea,  which,  however,  did  not  go  on  to  perforation.     He 
quently  helil  that  the  change  is  a  genuine  trophic  change  and  mAi 
to  traumata.     On  the  other  hand,  Snellen  found  that  w^hen  he  i 
the  fifth  nerve  in  rabljits  and  protected  the  eye  the  cornea  rema 
intact  for  at  least  ten  days.     The  proper  explanation  of  this  cl 
in  the  eyeball  is  pi'ol)ably  that  it  is  a  true  trophic  lesion  dep 
ent  on  disease  or  iujnry  to  the  ]>eripheral  sensor}^  neurons.    It  i 
thus  strictly  analogous  to  the  trophic  lesions,  such  as  ijemphig 
whitlow,  mid  lierpes,  whicli  are  seen  in  other  portions  of  the  hodv,( 
in   the    liand,    arms,    legs»  and  feet,  following   upon  nen-e  inju 
ilagendie's  obseiTations  that  section  of  the  nen'e  in  front  of  the  G* 
serian  ganglion  is  more  likely  to  produce  this  effect  than  section] 
terit>r  to  the  ganglion  are  clearly  confirmatory  of  the  theory  thatt 
lesion  is  trojihic.     Section  in  front  of  the  ganglion  cuts  off  tl 
sory  arVjorizatioijH  in  the  mucous  membrane  and  the  eyebal 
their  tiYtpliic  centres,  whicii  are  the  coll  l>odies  of  the  neuront 
Gasnerian  ganglion.     Tlie  fact  that  all  cases  of  fifth -nen^e  p^ 
are  not  followed  by  a  neuroparalytic  affection  is  probably  co 
tory  of  thiH  yievr.     Lesions  whiiOi  irritate  the  Gasserian  gang 
self,  i.e.,  the  cell  botlies  of  the  sensory  neurons  or  the  de* 
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iche&  of  these  neurons  (tlie  fibres  passiug  from  the  ganglion  to 

periphery')  are  probtibly  much  more  likely  to  cause  these  aenie 

ilatiYe  trophic  chaugea  than  are  lesionB  in  other  portions  of  the 

of  the  fifth  nerve,  t.€.,  posterior  to  the  ganglion. 
Althans^*  has  recorded  an  iuteresting  cane  ol  i>aralyHis  of  both 
nerves  in  a  young  man^  apparently  the  result  of  exponure  to  cold* 
first  symptom  wa«  pain.  This  yielded  to  treatment  apparently, 
after  it  had  gfjne  the  cornea  of  each  eye  became  covered  with 
ajmcities,  which  resulted  in  complete  blindness  in  the  right  eye 
[luul  partial  blindness  in  the  left.  The  power  of  mastication  was  lost 
the  skin  of  the  face  and  the  mucous  membranes  became  quite 
b.  There  was  light  CL*dema  of  the  cellular  tissues  of  the  face 
which  gave  the  man  a  i>eculiar  stattiesqne  expression.  There  was  no 
ysis  of  the  facial  muscles.  The  sense  of  smell  was  not  affected, 
the  iDtrinsic  and  extrinsic  muscles  of  the  eyes  were  un paralyzed. 
The  several  modes  of  sensation  were  abolished-  temperature  sense, 
tactile  sense,  and  the  sense  of  locality.  The  mucous  membranes 
of  the  eyes,  nose,  and  mouth  were  also  anaesthetic.  Keflex  move- 
IDtats  in  the  eyes,  as  well  as  lacrymatiou  upon  irritation  of  the  mucous 
membraDe,  were  abolished.  There  was,  however,  hypersecretion  of 
mams  iu  the  conjunctiva  and  in  the  nose.  That  from  the  nose  was 
80  acrid  that  it  irritated  the  skin  of  the  lip.  The  growth  of  hair  on 
the  head  and  face  was  not  affected.  Snuff  did  uot  cause  sneezing. 
The  tongue  was  aniestlietic  and  had  \wen  frightfully  bitten  and 
lacerated  by  the  patient  mthout  his  knowledge.  The  secretion  of 
mucus  in  the  mouth  was  so  excessive  as  to  oblige  tlie  ]>atient  to  use 
a  handkerchief  constantly  in  order  to  catch  it-  Extracting  a  tooth 
did  uot  cause  pain.  Tlie  teeth,  however,  were  not  the  seat  of  troiihic 
changes.  The  sense  of  taste  was  not  impaired  nn  the  back  part  of  the 
tonpie;  in  the  anterior  part  of  the  tongue,  however,  it  was  blunted* 
The  muscles  of  mastication  were  paralyzed.  The  juitient  had  a  ^on- 
tboooB  rushing  noise  in  the  head,  the  cause  of  which  was  obscure. 
There  was  no  history  of  syphilis. 

The  following  case  of  paralysis  of  the  fifth  nerve  was  imder  my 
observation  in  the  ner\'ous  wards  of  the  Philiulelphia  Hosxvital  re- 
cently.    It  has  Ijeen  reported  by  Charles  K.  Mills/* 

L  D— ^,  aged  2n  years»  a  mulatto,  was  prol)ably  sy  i>hilitic.  Four 
months  before  admission  he  liegant-o  have  headache,  l>oth  frontal  and 
occipital.  One  moiTiing  the  right  Bide  of  his  face  was  kmud  entirely 
Jwiralvzed,  with  ringing  sensations  in  his  ear.  On  admission  he  had 
TOmplete  paralysis  of  all  the  facial  muscles  supidied  l>y  tlie  seventh 
flerve  and  of  the  muscles  su]>]ilied  by  the  niot»»r  division  of  the  iifth 
nerve.     .AjisesUiesia  was  present  on  the  right  side  of  his  face,  extend- 
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ing  from  the  metlian  line  to  tlie  angle  of  the  , 
above  the  hair  line  oo  the  scalp  to  the  point 
j  tmctiva  of  the  right  eye  wan  totally  aufesthe 
half  of  the  tongue.  Tiiste  wa**  abcjlished  o 
tongue  both  in  its   anterior  and  posterior 


Flo.   :il.— Paralysiri  of  the  Fifth  Kerve.     (rhyadt^ljihisi  Hos- 
pital. ) 

Pig.  21/)  Thin  jtatient  probably  had  braiia 
ret'iirriug  tLttat^k^*  of  paralysis  of  the  left  hal 
attack  left  hiai  with  <'oniplete  facial  iialny  oi 
dition  he  had  itaralysia  of  the  motor  diviaio: 
liinitetl  an^as  rtf  aUtDstlicsiM  iii  the  di.stribu 
ophthalmic  brancli  especially  was  inviJved 
high  grade  of  neuroparalytic  o[ilitlialiiiia, 
found  neressary  in  the  lios]>ital  to  enucleate  t 
The  second  class  al  sensory  aflVctious  of  i 
those  that  are  characterized  by  irritidiou. 
into  headache,  neuralgia,  migraine,  and  tic 
diseases  are  properly  described  liero  rxue{)t  i: 
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Headache, 

Headache  is  rather  a  sjinptom  than  a  distinct  disease.     Its  exact 

is  obscure  in  any  case,  but  as  it  is  an  acute  pain  occupying 

position  in  the  area  of  distribution  of  the  tifth  nerve  it  is  rea- 

tle  to  suppose  that  its  seat,  at  least  in  nome  instances,  is  in  that 

It  may  be  due  Uj  irritating  sul>stance8  in  the  blood  or  to  vaao- 

or  changes  affecting  the  circulation  in  the  uer\'e  branches  or  in  the 

Qges  of  the  brain  or  even  in  the  brain  itself.     However  causedj 

che  probalily   finds    expression   as  a  pain  by   irritatiuK  the 

Bches  of  the  fifth  nerve  dish'ibnted  within  the  cramum.     It  must 

I  not  l)e  forgotten,  however,  that  the  meninges  receive  numerous  fi.la- 

nwints  from  other  nerves,  especially  the  sympathetic,  and  that  these 

I  may  also  Im  the  channels  of  the  pain  sense. 

Headache  is  such  a  common  symptom  of  various  disorders  of 

[beallliand  is  so  little  likely  to  follow  definite  laws  that  it  is  difficult 

to  describe  it  systematically.     It  occurs  at  all  ages  and  in  Ixith  sexes. 

,  Aoeorcling  to  Dana*'  tlie  most  cf)mmon  ages  ior  headache  are  from 

ten  to  tftenty-five  and  from  thirty-ftve  to  fi>rty-five  years.     It  is  very 

I  THioommon  in  early  childhood  and  in  old  age.     Women  Bnfl'er  more 

tbn  men  and  it  is  probably  rather  more  fret^nent  among  the  w^ealtliier 

dasHes. 

The  causes  of  headache  are  various*  Among  the  most  common 
tm  tlie  various  toxiemiaH.  Gout  and  rheumatism  are  not  infrcfpieut 
causes  of  headache.  In  gout  esi>eciaHy  this  symptom  is  important 
tod  too  often  o%'erlooked.  The  headache  of  gout  is  usually  i)aroxy8* 
Old  and  it  may  even  substitute  an  explosion  of  the  disease  in  some 
other  portion  of  the  body.  Thus  iu  a  gentleman  recently  under  my 
^l»6eTvation  severe  and  ol^stinate  frontal  headache  was  the  onl\'  symp- 
tom for  a  long  period.  He  liad  been  subject  formerly  to  attacks  of 
gout  in  the  great  toe  and  during  thin  attack  of  headache  had  uric  acid 
ia  excess  in  his  urine.  He  one  day  wore  a  tiglit-fitting  shoe  with  a 
(old  of  the  stfjcking  making  lU'e^sure  across  liis  ft*rnierly  gouty  joint. 
This  caused  an  explosion  of  gout  in  the  joint  with  immediate  and 
pemftiient  relief  from  the  headache. 

Crieraia  not  uncommonly  causes  headache.  In  fact  in  cases  in 
which  |iersisteut  head^Ltrhe  is  a  new  and  obscure  Hymjfttim  this  cause 
shoald  alwavB  be  searched  fr>r.  The  severe  headache  of  uramvia  is 
B'Jm^tiaiea  associated  with  nausea  and  vonutiug,  the  conri>lex  of 
*.mi>toms  thus  simulating  a  gastric  disorder,  A  iiaroxysm  o(  head- 
idle  may  precede  and  Iierald  in  a  convulsive  attai'k  or  a  state  of 
fioma.    In  the  blood  poisonini^  of  jiuerpcral  eclampsia  headache  is 
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not  an  uuc'omioon  8>  raiitom  aud  is  sometimes  a  vei^^  earlj  and  sugges- 
tive one.  In  this  state  it  may  be  associated  witli  amblyopia  or  ob- 
srurity  of  vision  or  visual  ballueiiiations,  as  of  moving  objects,  apecka 
or  clouds,  or  bright  light  l>efore  the  eyes. 

Ill  4liiibeteH  headache  with  gastric  diHturbance,  followed  by  deUrium 
and  dysjina-a,  is  often  one  of  the  preliminary  symptoms  o£  €Wi«  form 
of  diabetic  coma. 

In  the  various  infectious  fevers  heada^^he  is  not  oneommoti.  In 
tlie  early  stages  of  ty[>hoid  fever  this  symptom  is  often  nr^eiii  and 
distress  sing. 

The  various  toxic  substances,  such  as  alcohol,  lead,  and  tobacco, 
not  itifrcfiuently  cause  headtiche.  In  lead  poisoning  this  is  not,  hr»w- 
ever»  a  very  frecjuent  symptom.  In  that  grave  complication*  fortn^ 
nately  somewhat  rare,  called  "lead  encephalopathy/'  an  excruciating 
headache  is  often  the  promioeut  symptom.  This  is  asscx'iateil  with 
or  followed  by  delirium  or  8tui)or,  passing  into  coma. 

In  acute  alcoholic  poisoning  severe  heatlache  is  a  fretjuent  aeciuel, 
while  in  chronic  cases  tlie  toi^er^s  moniing  headache  is  well  known. 

The  various  severe  neuroses,  such  as  hysteria,  neuraatlieuia,  epi- 
lepsy, and  migraine,  frecjuently  cause  headache. 

The  heaihit*he  i>f  hysteria  is  fpiite  chanu^teristic.  A  comixioii 
form  is  the  vlartLH,  This  is  a  eircumscril*ed  pain  in  the  head  of  ^^^ery 
limited  extent  which  has  been  likened  to  a  ]>ain  such  as  wouhl  lie 
piiHluced  by  driNing  a  nail  int*)  the  part,  hence  the  name.  Tliia 
clavus  may  be  jK'com[>anie4l  with  ringing  and  beating  noises  iu  the 
ear  and  with  the  feeling  of  being  beaten  on  the  temple  with  ixuiUdIs. 
Tliis  sym^itom,  as  already  said,  is  conspicuous  among  the  prodromoa 
of  tlie  graud  athick  of  convulsive  li}  steria. 

In  neurasthenia  headache  and  h1si>  pains  in  the  Imck  and  limbe 
are  not  uncommon.  These  pains  are  rather  diffused  and  are  not  aa 
a  rule  very  intense  in  character.  They  are  often  aasoeiate<l  ^ith  a 
flense  of  fatigue,  even  on  slight  exertion.  The  headache  of  neursft- 
thenia  is  not,  as  a  nile^  <liffa.sed  over  the  entire  head.  Its  favorite 
are  the  occiput  and  the  brow  just  above  the  eyea.  When  local 
in  the  occiput  it  is  likely  to  be  associated  with  ]iain  in  the  badt  of  the 
neck  and  between  the  shoulders.  The  headat^he  of  neurasthenia  U 
aometimcis  characterized  by  the  sense  of  a  tight  band  ilrawn  alK>ut 
the  head.  Hoadac*he  is  very  readily  caused  in  some  neurasthenic 
patients  by  any  effort,  whether  mentid  or  physical,  however  slight. 
In  some  rare  cases  it  is  a  severe  and  obstinate  symptom, 

Tlie  headache  of  epilepsy  ia  an  important  symptom.  It  almost 
invariably  follows  tire  attack  and  may  jiersist  for  some  hours  or  even 
days.     Sometimes  the  headache,  with  the  associated  sensory  sy^mp- 
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loniSy  constitntes  the  whole  of  the  attack  and  may  consist  in  a  crisis 
retsembling  migraine.  Some  authors,  in  fact,  have  tried  to  point  out 
an  analogy  between  migraine  and  epilepsy,  calling  attention  especially 
to  the  explosive  character  of  these  two  neuroses,  but  a  relationship 
is  not  satisfactorily  proven.  Certainly  ordinary  migraine  does  not 
show  a  tendency  to  pass  into  motor  epilepsy.  In  these  cases  of  epi- 
lepsy, in  which  the  headache  and  sensory  symptoms  are  prominent 
or  isolateil,  the  attack  may  be  considered  substitutional,  i.e.,  the  sen- 
sory crisis  substitutes  the  motor  or  convidsive  crisis.  This  may  be 
one  form  of  what  has  been  termed  "  masked"  epilepsy. 

In  migraine  headache  is  one  of  the  essential  symptoms  of  the 
paroxysm.  It  is  usually  ushered  in  by  some  affection  of  the  optic 
nerve,  such  as  amblyopia,  or  various  forms  of  visual  hallucination. 
As  these  imiss  off,  usually  after  a  few  minutes  or  an  hour,  the  head- 
ache gradually  sujierienes.  It  is  often  very  severe  in  type  and  may 
endure  for  as  long  as  a  day  or  even  two,  completely  prostrating  the 
patient.  The  attack  usually  closes  with  nausea  and  vomiting.  Mi- 
graine is  essentially  a  paroxysmal  disease  and  may  possibly  be 
eansed  by  some  autogenous  poison  in  the  blood.  The  attacks  vary 
b  intensity  and  frecjuency  according  to  individuals.  It  is  most 
ipvere  in  childhood  and  early  adult  life  and  tends  to  abate  in  middle 
liie  and  freciuently  ceases  entirely  before  old  age. 

Another  class  of  causes  of  headache  msLV  be  considered  reflex. 
Among  the  most  common  of  these  is  eye  strain.     Errors  of  refraction 
Kit  infre<iuently  cause  headache.     The  pain  may  be  either  frontal  or 
oct'ipital ;  very  rarely  it  is  more  diffused  over  the  head.     The  patient 
not  iufre<iuently  is  ignorant  of  the  true  cause  of  this  8ymi)tom.     Its 
charat^r  is  often  indicated  by  the  fact  that  it  is  brought  on  or  inten- 
aified  by  over-use  of  the  eyes  at  fine  work,  such  Jis  reading,  sewing, 
and  embroidering.     Another  ocular  cause  for  headache,  although  not 
truly  reflex,  is  glaucoma.     It  may  be  an  early  symptom,  rather  par- 
oxysmal in  iy]>e,  of  extreme  intensity,  associated  with  paleness  of  the 
fia<v,  naiLsea,  and  vomiting.     In  chronic  cases  it  may  also  be  j^aroxys- 
mal.  very  intense,  simulating  to  some  extent  migraine.     In  these  cases 
clrn^  insi>ection  will  reveal  increiise  in  the  intraocular  tension,  irreg- 
ularity in  the  pujul,  with  a  sluggish  iris,  anesthesia  of  the  cornea, 
baziness,  and  impairment  of  vision. 

Diseases  of  the  naso-pharynx  may  cause  pain  in  the  distribution 
of  54ome  branch  of  the  fifth  nerve.  The  pain  may  bo  especially  in  the 
temporal  region  or  in  the  forehead.  It  may  be  accompanied  in  ex- 
treme cases  with  nausea.  It  is  not,  however,  truly  reflex  in  character, 
bat  is  usually  due  to  direct  irritation  of  the  tnmk  of  a  nerve.  Inspec- 
tion of  the  nose  will  usually  reveal  the  true  cause  of  the  symptom. 
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Dyspeptic    disortlei-H   aie    aswcxriated    at  times   with    beAdjiel 
There  in  iiothiiig  espeeially  chanut^ristic  alxmt  this  sytujitom. 
possibly  due  to  imix)veriahed  or  |K>isoiied  hlooci,  the  result  of  gastrie 
disorder* 

It  in  commonly  said  that  disorders  of  the  sexual  system  iiuir  jiro- 
dnce  headache.  Masturljatiau^  es|>eciaUy  when  assoeiated  witli  m 
characteristic  ueurastlieuia  that  develops  as  a  result  of  thit  )tAlii% 
maj  cause  headache  aud  achiug  pains  iu  the  back.  This  headaialM  is 
especially  likely  to  sur>er7ene  immetliately  after  the  act,  and  may  laal 
for  some  hours,  Iu  confirmed  cases  it  may  i)erai8t  longer,  and  is  an 
expression  theu  of  a  j^eueral  dejnaveil  state  of  nutrition  of  the  blood 
and  nen^ous  system. 

Finally,  common  causes  of  headache  are  found  iu  various  orgaxiiil 
diseases  of  the  lirain  and  of  the  crnnial  bones.  Tumor  of  the  bmiii 
is  Tery  commonly  accompanied  with  headache.  In  fact*  thi^  firni^ 
torn  is  rarely  alusent,  and  in  most  cases  it  has  i>ei!uliar  chararief^ 
isticii  (Mills  and  Lloyd  *').  It  is  usually  a  continuous  i>ain  of  greal 
severity,  but  with  exacerbations  or  paroxisms  of  great  violence. 
In  some  cases,  however,  it  is  dull  or  throbbing,  accompanied  wiUi 
a  sense  of  weight,  iiressure,  or  constrictitm,  but  even  in  these  cases 
it  usually  increases  tow*irds  the  end  and  lieeomes  less  endunblob 
In  the  table  of  one  hundred  eases  of  brain  tumor  collected  by  Milii 
and  Lloyd,  headache  of  some  tyi>e  was  jiresent  in  sixty-«ix.  In 
only  five  cAses  was  it  stated  not  to  have  been  observed,  while  of  ilie 
twenty-nine  eases  in  which  no  mention  w^is  made  of  it,  it  was  probably 
present  in  a  large  majority.  In  some  ciises  the  i>ain  seems  to  ba  ll>« 
oalizt^d  at  a  point  near  thi^  tuiuor.  It  may  even  l»e  associated,  S0p#* 
oially  in  the  cases  of  tumors  involving  the  meningesi  with  teodfiraess 
Cfwet  tile  skull.  In  cerel^ellar  tumoi"s  the  pain  is  sometimes  ooeipitnl^ 
but  this  is  not  an  invariable  rule.  Other  organic  lesions  of  the  brain 
that  C4iuse  headiiche  are  meningitis,  esjiecially  syphilitic,  aneurysm, 
and  diseaaes  of  the  cranial  l>ones  involving  the  meninges  and  the  brain 
cortex. 

Neuralgia, 

Neuralgia  may  be  defined  as  a  i>ain,  i>aroxysmal  and  intermitleni 
in  character,  confined  to  one  or  more  branches  of  a  nerve.  It  is  luA 
uncommon  in  the  fifth  nerve;  in  fact,  this  nerve  is  one  of  its  favorila 
seats.  Its  main  characteristic^  as  indicated  by  its  name,  is  pain. 
It  has  few  if  any  objective  symptoms.  The  distinction  between  bead* 
ache  and  neuralgia  is  rather  vague  and  arbitrary.  Neuralgia  is  vmh 
ally  a  more  circnmscrn>f*<l  affection  than  headache.  I'.c,  it  is  more 
likely  to  be  limited  to  one  or  to  a  few  nei-ve  trunks*     The  nnderiyi 
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tion  of  the  nerve  stmctiu'e  in  neuralgia  is  obBcur©  in  many  cases. 

disease,  aa  already  said,  iB  usually  paroxysmal.     It  is  |K>sijiblj 

to  some  irrilant  circulating  in  the  blacxl^  or  it  may  in  some  cases 

simply  an  inflammation  of  the  nerve  trunk  or  a  neuritis.     It  is 

miliary  to  describe  neuralgia  as  being  either  idiopathic  or  symp- 

c,  by  which  is  meant  in  the  first  case  that  the  disease  is  x)urely 

onal,  and  in  the  second  that  it  is  due  to  an  organic  change  in  the 

itself.     Such  a  distinction  is  of  little  value ;  in  fact,  it  is  entirely 

iBailiug.     The  severe  pain  of  a  neuralgia  cannot  be  caused  by 

less  than  some  irritatiug  agent  affecting  injuriously  the  sen- 

\ry  nf^urous*     That  this  agent  is  often  obscure  and  even  paroxysmal 

iLs  ctction  does  not  furnish  a  ground  for  the  claim  that  the  disease 

purely  functionaL    The  most  typical  neuralgias  are  those  that  occur 

nysmally  in  some  branch  of  the  fifth  nerve.     These  paroxysms 

Juiy  be  comparatively  short  in  duration,  or  they  may  last  for  days 

even  weeks.     Nat  infrequently  the  intermissions  are  long,  although 

rule  varies  in  this  resj^ect*     The  most  common  cuiuses  of  neuralgia 

ire  doubtless  tosdc  states  of  the  blood ;  thus  rheum atism,  gout,  mala- 

gyphilis,  diabetes,  ^md  other  dyscrasias  are  esj)eeially  likely  to 

neuralgia.     Heretlity  seems  to  play  a  part  in  some  forms  of 

neonilgia.     Victims  of  the  disease  are  not  infrequently  neurotic  or  of 

tteorotic  stock.     Eeflex  causes  (so  fi^equently  assigned  to  neuralgia) 

are  probably  exaggerated.     Eye  strain,  as  already  said,  not  inire- 

qnently  causes  localized  headaches,  which  might,  o(  course,  lie  with 

propriety  called  neuralgic,  for  after  all  the  use  of  the  word  **  ueural- 

pi"  is  somewhat  arbitrary* 

Neuralgia  is  usually  a  disease  of  adult  Hfe.  In  the  case  of  chil- 
dren neuralgic  attacks  should  always  excite  the  suspicion  of  migraine, 
hi  persons  well  advanccil  in  adult  life  the  onset  of  neuralgic  attacks 
aLould  excite  the  sus]>icion  of  some  organic  cause  for  them  or  of 
Bcwne  dyscrasia.  Thus  syphilis,  gout,  rheumatism,  malaria,  unemia, 
diabetes,  glaucoma,  eye  strain,  disease  of  the  teeth  or  o(  the  nasal 
cliaml>er,  or  some  commencing  organic  disease  within  the  cranium 
diould  all  be  searched  for. 

The  pain  of  neuralgia  is  usually  of  a  severe  tyx>e.     Cases  occur  of 

ooaree  that  are  an  exception  to  this  rule,  but  the  majority  of  i)a- 

iieots  describe  the  pain  as  peculiarly  harassing  and  unendui'alile.     It 

usually  sharp  and  lancinating  in  character.     This  is  ho  especially 

,e  fifth  nerve,  the  neuralgia  of  which  usually  ]Kresetits  a  type  of 

Bat  severity.     Even  during  the  paroxysm  the  i)ain,  however,  is  not 

rays  constant.     It  may  remit  only  to  recur  again  with  renewed  in- 

asitr.     There  is  sometimes  even  a  distinet  jtoriotlicity  in  the  oci-ur- 

and  recurrence  of  the  exacerbations.     This  was  formerly  sup- 
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posed  to  indicate  a  malarial  origin  for  neuralgia,  but  tliis  viewj 
longer  prevails.     Exposure  to  cold  during  a  paroxysm  usually 
creases  its  severity.     Firm  pressure  often  relieves,  but  a  light 
may  aggravate  the  paiii  of  a  neuralgia  of  tlie  fifth  nerve.     In  v« 
severe  cases  the  skin  may  become  flushed  and  the  eyes  slightly  i 
fused;  or,  on  the  other  hand,  the  face  may  show  an  imuBual  i>alior,| 

The  pathology  of  neuralgia  coneiBt**   probably  in  some  bI 
more  or  less  temporary  changes  in  the  neurons,  due  to  the  eirciilati 
in  the  blood  of  some  toxic  agent.     These  changes  may  amount  in  son 
cases  to  a  alight  inflammation  or  neuritis.     This  is  so  especially  J 
cases  of  the  moat  persistent  chai'acter  and  most  severe  grade, 
case  a  distinct  neuritis  were  the  underlying  condition  of  an 
nary  neuralgia  it  is  likely,  however,  that  we  should  have  otlier 
objective  symptoms.     Thus  anaesthesia,  paralysis  of  motor  fibres  i 
mixed  nerves,  and  trophic  changes  should  occur.     The  fact  that  tha 
are  seldom  if  ever  present  in  ordinary  paroxysmal  facial  neuralgia  I 
rather  against  the  theory  of  such  a  distinct  organic  change  as  ii 
mation  being  the  cause  of  the  sy  raptonis.     The  most  acceptable  the 
in  my  judgment  is  that  in  most  cases  of  neuralgia  the  pain  is  the  i 
pression  of  an  irritation  of  the  sensory  neurons  caused  by  toxic  snlj 
stances  in  the  blood,  and  that  this  irritation  in  the  great  majority  ( 
cases  drjes  not  proceed  to  a  true  inflammation.     In  cases  in  which  \ 
distinct  neuritis  can  be  demonstrated,  as,  for  instance,  by  the  s^ 
ing  of  the  nerve  trunk  at  the  supraorbital  notch,  as  claimed  by  1 
ler,  there  does  not  appear  to  be  any  reason  why  the  case  should  i 
be  classed  as  oub  of  neuritis  instead  of  being  especially  desij 
as  neuralgia. 

From  what  is  said  it  a]^pears  that  the  main  poinis  for  the  dia 
nosis  of  neuralgia  are  severe  i>ain,  ]taroxysmal  in  character,  and  hj 
ited  in  its  area,  and  the  absenca  of  symptoms  of  profound  orga 
change  in  the  nerves,  such   as   amesthesia,   paralysis,  and  troph 
changes. 

Migraine. 

Migraine  is  one  of  the  explosive  neiu'oses.     Brief  mention  for  < 
sake  of  comparison  may  l>e  made  of  it  here.     Migraine  is  more  i 
a  mere  affection  of  the  fifth  nerve,  although  one  of  its  most 
symjitoms  is  located  in  that  uene.     It  is   characterized  by 
neuralgic,  and  gastric  symptoms,  and  although  usually  descn 
a  mere  nem^osis,  it  is  puissibly  due,  as  ab^eady  explained,  i 
autogenous  toxin  in  the  1>LkkI.     Tlie  jmin  of  migraine  is  loc 
rule — to  wliich  there  are  (pw,  if  any,  exceptions — in  the  heaa 
tack  is  usually  ushered  in  bv  a  seusorv  aura.    In  the  va 
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jority  of  cases  this  aura  is  in  the  nen^e  of  sight.  It  is  usually  an 
amblyopia,  although  in  some  cases  scintillations,  spectra,  phan- 
tasmagoria, undulatory,  wave-like,  or  rotating  lines  or  currents, 
aod  in  rare  cases  the  figures  of  animals  or  men  are  seen.  In  some 
cases,  howeiver,  the  sensory  aura  may  be  felt  in  other  nerves  of  the 
body,  as  for  instaDce  a  tingling  or  numbness  in  the  hand,  arm,  or 
shoulder.  These  aurse  subside  before  the  onset  of  the  neuralgic  pain. 
This  i>aiii  is  usually  severe  in  character  and  may  persist  for  hours  or 
ereo  for  days.  The  attack  terminates  with  gastric  disturbance,  such 
as  nausea  and  vomiting.  Bachford,  quoted  by  Wilson,'"  attributes 
migraine  to  a  leucomain  poisoning  and  has  found  paraxanthin  and 
xanthin  in  the  urine. 

Migraine  frequently  begins  in  childhood,  reaches  its  height  in 
ssrly  adult  life,  and  declines  after  the  meridian  of  life.  It  is  to  be 
distingmshed  from  other  forms  of  headache  and  neuralgia  by  its 
peculiar  constitutional  and  paroxysmal  type,  by  its  aura)  or  pro- 
dromes, and  by  its  gastric  disturbances. 

Tic  Douloureux. 

This  dreadful  disease  is  a  special  form  of  neuralgia  of  the  fifth 
serve.     It  is   characterized  by  pain,  usually   of  the  most  intense 
character,  located  at  first  in  one  or  perhaps  more  branches  of  the 
trigeminus.     It  is  not  so  distinctly  paroxysmal  as  the  other  neurjil- 
gifonn  affections  of  this   nerve.     It   is,  however,  subject  to  severe 
exacerbations  and  to  i)eric)ds  of  very  marked  remittence.     In  some 
cases,  however,  the  ])ain  is  practically  constant,  aud  in  no  case,  jis 
I  rule,  does  it  completely  subside.     The  tendency  for  tic  doiikm- 
leux  to  V>e  loc^ated  in  only  one  trunk  of  the  fifth  nerve  is  a  marked 
cliara*.'teristic.     It  is,  moreover,  a  disease  of  adult  life,  the  great  ma- 
jority of  cases  l)eing  in  persons  over  forty  years  of  age.     It  is  seen 
about  e<iually  in  both  sexes. 

The  tftHSfS  of  tic  douloureux  are  altogether  obscure.  Regarding 
the  disease,  as  I  do,  as  a  degenerative  one  of  the  sensory  neurons, 
eepecially  their  cell  lx>dies  in  the  Gasserian  ganglion,  I  feel  that  it  has 
not  yet  been  practically  demonstrated  what  the  exciting  cause  of  this 
irritative  degeneration  is.  The  histories  of  cases  seem  to  indicate 
that  the  disease  is  sometimes  due  to  trauma,  exy)()sure  to  cold,  carious 
teeth,  or  various  debilitating  agents.  These  may  and  probably  do 
is  some  cases  act  as  exciting  causes,  l)ut,  considering  the  inveteracy 
and  the  severity  of  the  symptoms,  it  seems  more  than  ])robable  that  the 
proximal  or  underlying  cause  must  be  some  deeper  seated  degenera- 
tive tendency  in  the  bodies  of  the  neurons  themselves.     Sy])liilis  and 
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tbe  varioirs  d}  serasit©  eaiiHed  by  gnut»  rheumHtisiu,  uud  timl&riii  < 
not  with  eerUioty  be  held  re8|>oiisible  U*t  the  larger  proportaon  oil 
case^  of  tic  douloureux.     Heredity  in  nu  uniraix^rtiiat  fcM*t*>r,  and  tbt  j 
Over-UHe  of  alcniliol  aud  tobacci^  tloen  not  upi>ear  to  be  an  elemettt  in 
the  causatioB  of  this  disease.  i 

The  Atfittpioms  of   tic   douloureux  aro  iutense  paiu,  lacryiuaticxBft 
tliiBhiiig  of  the  face,  and  rarely  apasuio«lie  movementw  of  the  mojicliiJ 
supplied  !>y  the  seventh  nen'e.     Of  thtvse  symptoms  the  pain  is  tilt  | 
only  coDstant  anil  ehHnictoristic  oue. 

The  jiaiu  of  tic  d«»uloureux  is  pei'uliarly  »evere  and  atrucions.  B^ 
IB  a  Rtabbiug  or  darting  paiu,  ot'curriug  an  a  rule  iu  short  |iarasjrraM, 
of  gi*eat  iutetisity  liut  not  completely  reuiittiug.  Those  |)Aro] 
are  excited  liy  the  luost  tritiiug  causeH,  such  as  ex[^>o6ure  of  the  tuct^ 
cold  air,  movements  of  the  facial  muscles  or  of  the  tongue,  attciniplij 
to  drink  or  to  chnw  focKl  or  to  talk;  in  many  cases,  iu  fact,  pan'ixyi 
oc^L^ur  without  apparent  exciting  cause,  iSimietimes  they  are  excitodJ 
by  movemeuis  of  other  or  distant  parts  of  the  body,  such  as  sligllll 
muscular  exertion,  attempts  at  dressing,  arising  from  the  recumbent  to] 
tlie  sitting  position,  or  combing  or  brushiyg  the  hair.  In  amm  ial 
which  the  tendency  to  those  paroxysms  of  stabbing  i>ain  ia  the  grea^  \ 
est  the  patient  iu  fait  is  i>ften  forced  to  lie  supine,  dreailiug  to  movtt»  | 
to  sf)eak.  or  to  tiike  fo(Rh 

The  paroxysms  of  tic  douloureux  may  or  may  not  be 
with  vasomotor  i>henomena.     Aa  a  rule,  in  CAses  which  I  haTe  oIk] 
aervetl,  no  such  phenomena  have  been  seen,     Lacryniation  ia  oocfr 
aionally  seeu,  although  it  in  by  no  means  common  or  ehanicteruitiik 

Spasmodic  movf^ments  of  some  of  the  facial  muscles  are  aoBietiaiM  \ 
symptomatic  of  tic  ilouhjureux.  These  movements  are  »een  more  esp^  J 
cially  in  cases  in  which  the  maxillary  ilivi^sions  of  the  fifth  nerre  i 
involved^  and  in  that  tyi>e  of  case  f^s]n»cially  which  has  l>een  mijioiltttdl 
ej/ilcptljhrm.  In  this  type  the  stabbing  pains  (K?cur  with  great  sod*] 
denness  and,  as  it  were,  with  lightning-like  rapidity,  and  the  facial  | 
muscles  toe  thrown  into  spasms  as  a  result,  These  Hpaama,  in  j 
eases,  are  possibly  not  entirely  r«*flex.  They  may  \w  in  i»art  vaUcj 
tional,  the  patient  fixiug  the  nniscdes  of  the  face  in  an  attem{>t  appaiw  j 
ently  to  immobilize  the  i^arta  so  as  to  remf>ve  all  sourt^es  of  irri tattoo 
from  the  branchej^  of  the  iier^e.  In  some  eases,  however,  theaa] 
spasms  in  the  facial  muscles  a[»i>ear  to  be  truly  reflex.  The  mt 
in  grouiiH  are  thrown  into  tonic*  or  clonic  spasms  over  which  the 
tient  has  no  contrrd,  the>8e  clonic  spasms  themselves  seeming  loi 
in  turn  renewals  of  the  exfiloeions  of  pain. 

The  location  of  the  pain  of  tic  doidoureux  varies.     As  an  alnMMl] 
invariable  rule,  however,  this  luiiu  in  the  earlj  stages  of  the  diseaao  | 
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has  rather  a  strictly  limited  localization.  Thiis  it  is  not  uncommon 
to  Bee  only  one  ner^e  trunk  involved,  and  tliis  may  be  the  only  branch 
of  the  fifth  nerve  aifected  for  a  comparatively  long  period.  This  is 
80  common  that  it  may  be  considered  almost  a  characteristic  of  the 
diiease.  As  the  case  progresses,  however,  other  branches  of  the 
same  division  become  aflfected,  and  ultimately  the  pain  may  pass  from 
one  main  division  of  the  fifth  ner\'e  to  the  other. 

In  a  ea«e  in  which  the  ophtlialmic  division  is  involved  the  pain 
is  felt  chiefly  in  the  supraorbital  branch.  It  is  felt  e8i)ecially  at  the 
snpraorbital  notch,  where  the  nerve  emerges  from  the  skull.  From 
this  point  the  pain  follows  the  ramifications  of  the  nerve  upon  the 
brow.  The  pain  is  also  felt  along  the  side  of  the  nose  following  the 
nasal  branch,  and  in  some  cases  it  is  deep  within  the  orbit.  Fain 
CD  pressure  is  felt  especially  at  the  points  where  the  branches  of 
the  nerve  emerge,  hence  at  the  sui)raorbital  notch,  at  the  upi)er  side 
d  the  nose  near  .the  inner  cantlius  of  the  eye,  and  at  the  point  of 
HDergence  of  the  nasal  nerve  on  the  side  of  the  nose.  This  type  of 
tic  donlonreux  lias  l>een  supposed  (without  suflicient  reason)  to  be  an 
evidence  of  malarial  ])oi8oning. 

In  cases  in  which  the  su])erior  maxillary  division  of  the  fifth  ner\'e 
or  its  branches  is  involved  the  pain  is  felt  with  especial  severity  on 
the  api)er  i>art  of  the  cheek.  This  is  a  not  uncommon  type  of  tic 
doolonrenx.  The  branches  of  the  superior  maxillary  nerve  emerge 
upon  the  face  at  the  infraorbital  foramen.  From  this  point  tlie 
pains  of  tic  douloureux  radiate,  involving  the  cheek,  the  median  por- 
tion of  the  side  of  the  nose,  and  the  whole  of  the  up})er  lip.  The 
tender  iK)iuts  are  esi)ecially  at  the  infraorbital  notch,  where  the  noiTe 
cmen^es  1  beneath  the  orbit,  at  the  side  of  the  nose,  and  over  the  malar 

In  cases  in  which  the  inferior  maxillary  division  of  the  tiftJi  llor^e 
is  invfdve<l  the  ])aiu  is  rather  more  extensively  diffused,  because  of 
Ae  ►greater  numl^er  of  branches  of  this  division  and  their  wider  or 
mi^re  extensive  ramifications.     The  pain  is  felt  about  the  skin  of  the 
chin  and  lower  li]),  lower  jaw,  cheek,  anterior  ])ortion  of  the  e^ir,  tem- 
poral region,  t^'eth  and  gums  of  the  lower  jaw,  aud  side  of  the  tc^ngue. 
Th»-  mf»st  <*ommon  tyj)e  of  tic  douloureux  in  this  hx^ation  is  that  in 
wLicL  the  inferior  dental  branch  is  involved.     This  bianch  of  the  in- 
ferior maxillary  division  of  the  fifth  neno  is  the  largest.     It  lies  em- 
hf^hl^Ml  in  the  dental  canal  of  the  lower  jawbone,  sending  branches  to 
th*^  h  »wtf-r  tf-eth  and  emerging  from  the  canal  at  the  mental  foramen 
n;">n  th»-  chin.     Its  branches  sup])ly  the  skin  and  uincous  nionibrano 
of  the  lower  lip  and  the  skin  of  the  chin  as  well  as  some  of  the  neigli- 
boriiig  muscles,  which  thus  receive  their  common  and  muscular  seusi- 
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bility.     At  this  point  of  exit  at  the  meDtiU  foramen  the  inferior  ilttntil 

nerve  is  eBpecially  seiisiti%e  in  Bome  t\  i>es  of  tic  douloureux.  In  OB0 
iiiHtaiice  I  knf^w  it  to  j>er8i8t  thiis  ItK-alized  for  a  period  of  several  j< 
A  sjiaee  hartUy  as  large  Jis  a  silver  dollar  surrouncUag  the 
foramen  and  i Deluding  the  lower  lip  was  the  seat  of  «io«t  exf|13 
pain,  inhibiting  all  nioveineuts  at  times  of  the  lip  and  lower  jaw. 
In  time,  however,  the  auritniloteniiHiral  nerve  lHx>aine  invoheil  m> 
that  shooting  pains  were  felt  alMiiit  the  inniia  uf  the  ear  and  Ibe 
temporal  regions  j  later  Htill  the  lingual  or  gustatory  branch  wa«  in- 
volved so  that  the  jjaroxysujH  c»f  darting  pain  w^ere  felt  along  the  mdm 
of  the  tongue*  Thin  charaeteriHtic  commencement  and  distributioe 
of  pain  in  the  hranfh«\4  of  the  inferior  maxillary  nerve  were  evideocii^ 
probably  of  the  central  or  gauglionic  origin  of  the  affection. 

As  an  almoHt  univerHnl  itiIb  Htrnctnral  changea  are  noi  seen  i&l 
cases  of  tic  douloureux.  Amesthesia  in  the  distribution  of  the 
affected  neiTO  is  rare  but  not  unncitf'd.  True  trophic  chtuiges,  stKsh 
as  heri)e8  and  pemphigiiB,  have  not,  so  far  as  I  know,  been  observed* 
Vasomotor  changes,  such  as  tiushing  of  tlie  face  and  lacry  matirin,  an  ] 
occasionally  seen. 

Inhibition  of  the  movements  of  the  face,  lips,  and  tongue^  and  i 
the  muscles  of  mastication  is  very  common  in  this  disease.    This  I 
comes  in  fa4*t  in  severe  eases  a  grave  complication.    I  have  ki 
patients  to  refuse  food  for  many  hours  because  of  the  agony  expert- 1 
enced  in  attempting  even  to  draw  fluids  into  the  month,  and  to  take 
so  little  during  a  i^erifxl  of  many  days  that  the  «tr--iH/Hj  wjis  seriouslj 
undennined  and  the  prospects  for  recovery  r  udingly  dimin- 

ished. 

The  various  ty]>es  of  tic  douloureux  have  been  sufficiently  indi* 
eated  in  the  foregoing  descriptions.     The  most  severe  form  of  the  i 
disease  is  that  in  which  with  more  or  less  continuous  jnun  there 
oocm*   paroxysms    of   great   suddenness   and   intensity.      This  type] 
has  been  cjdled  epileptiform.     That  type  in  which  reflex  or 
eiated  si>asms  of  the  facitd  muscles  ot*cur  has  been  called  conv 
tic.     The  various  ty[»es  according  to  lo<-ation  are  the  supraorbil 
infraorbitid,   nasal^   malar^   mental,  and   linguaL     These  types 
simply  duo  to  variations  in  the  location  and  intensity  of  one  ami  the 
same  pathological  process. 

The  fmt/tolorftf  of  tic  douloureux  is  still  a  subject  of  some  obscnr*  | 
ity.     It  has  ljec*n  custonniry  to  state  that  the  underlying  cause  is  in- 
flammation  of  the  affected  branch  of  the  nene.     ^me  anatomical  { 
proof  in  support  of  this  theory  has  been  adduced,  as,  for  instance, 
a   ease   rejKirted  from    the    Orthopieilic  Hospital,  Philadelphia,   in 
which  a  neni-e  trunk  excised  by  Dr.  Keen  presented  under  the  micro- J 
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scope  the  sigus  of  iuterstitial  neuritis.     Considering  the  i)eculiar 
onset  and  progress  of  tic  douloureux  I  have  long  been  led  to  believe 
that  the  irritative  process,  whatever  it  may  be,  whether  inflammatory 
or   more    truly  degenerative,  has  its  seat   i)robably  in   the   Gasse- 
rian  ganglion.     This  ganglion  is  composed  of  the  cell  bodies  of  the 
sensory  neurons  which  comi)ose  the  fifth  ner\'e.     It  is  exactly  anal- 
ogous to  the  ganglia  on  the  iwsterior  roots  of  the  spinal  nerves.     An 
irritative  process  having  its  origin  in  a  small  group  of  these  sensory 
neurons  would  cause  pain,  which  of  course  would  be  referred  to  the 
distribution  of  these  neurons  on  the  skin  or  to  the  coui>>e  of  their  irri- 
tated axis  cylindera  in  the  nerve  tnink.     Such  a  process  would  prob- 
ably involve  at  the  beginning  only  a  very  small  grou])  of  contiguous 
cells  in  the  Gasserian  ganglion.     These  contiguous  cells  would  i)rob- 
ably  constitute  a  grouj),  sending  their  axis  cylinders  to  one  particular 
nerve  trunk.     Tliis  would  account  for  the  strictly  local  character  of 
the  pain  at  the  commencement.     As  the  irritative  process  advanced 
other  cell  groui®  would  be  involved,  and  thus  gi'adually  other  nerve 
trunks   would  begin  to  transmit  x>ainful  impressions.     As  the  cell 
bodies  of  the  neui-ons,  which  are  the  nutritive  centres,  degenerated, 
the  axis  cylinders  would  also  undergo  destructive  changes,  according 
tfi  the  well-known  law  of  degeneration.     In  the  course  of  time  i^ro- 
liferation  of  interstitial  tissues  in  the  nerve  trunks  would  occur  and 
thus  many  of  the  api>earances  of  an  inflammation  might  be  presented. 
This  1  practically  is  what  has  been  found  in  the  excised  branch  of  the 
fifth  nerve.     Therefore  the  mere  fact  of  the  presence  of  degenerative 
or  iiiiJanimatory  changes  in  the  excised  nerve  does  not  prove  that 
th^  initial  i)rocess  was  in  that  nerve  and  not  in  the  ganglion.     The 
fact   that    cure   or  relief  has    teen   gained  temi)orarily  by  excision 
of   the    ner\e  trunk  can  be  explained  on  the  supposition  that  the 
jKiwerful  impression  made  ui)on  the  neuron  by  totally  a])Liting  its 
axis  cylinder  might  for  a  time  arrest  the  inflammatory  or  degenera- 
tive i»nx*f^s8  in  its  cell  body  or  impair  its  transmitting  power.     But 
f-ven  admitting  that  this  supposition  is  uuwarrantaWe,  the  fact  re- 
mains that  in  almost  all  cases  in  which  the  affected  nerve  trunk  has 
l.>e^n  excised  the  disease  process  almost  invarial^ly  ])as8es  in  time 
into  another  ner\e  tnuik,  and  this  certainly  could  only  be  by  way 
of  ih*-  Gasserian  ganglion. 

Again,  this  i>rocess  of  a  slowly  degenerative  and  irritative  change 
jvissiug  from  cell  Ixxly  to  cell  body  within  the  ganglion  itself  is 
strictly  analogous  to  what  we  see  occurring  on  the  motoi-  side  of  the 
Lf-rviiurt  system,  ?.e.,  in  progressive  chronic  anterior  poliomyelitis. 
i'^n  the  sensory  Jis  on  the  motor  side  the  change  seems  to  ])ass  imm 
iV'll  Ixnly  to  cell  Ixxly,  the  characteristic  difterence  Ijoing  tJiat  in  the 
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latter  case  we  Lave  progressive  i)aralysi8  and  museuiar  atrophy 
in  the  former  progressive  neural^e  pain. 

The  fact  that  tic  tk>iiloureux  in  the  majority  of  instancee  is 
in  iieraons  well  advanced  in  life  might  I>e  looked  upon  as  presi 
evidence  that  the  disease  process  is  cme  of  degeneration,     Bnt 
evidence  is  not  of  great  value  from  the  very  fact  that  many  cases 
eur  in  comparatively  young  people. 

Trophic  changes,  as  already  eaid,  are  comparativeh^  unknown 
tic  douloureux.  J.  F.  Walsh  *"  reijorts  a  case  of  neuralgia  cooi 
to  the  lingual  brauch  of  the  fifth  nerve  in  which  after  ntret^'hii 
branch  the  tongue  apijeared  slightly  pushed  over  towartis  the  n 
side,  but  there  was  no  atroph^>'  or  other  troj^hic  change.  In  tliil 
case,  which  occurred  in  a  young  woman  twenty -Bix  years  of  age,  fchA; 
f>aio  was  entirely  confined  to  the  right  lingual  nerve.  It  is  latbtf 
difficult  to  undenitand,  consideriDg  the  severity  of  the  irritative  pro6- 
ess  in  tic  douloureux,  why  trophic  changes  are  not  more  common. 
The  fact  that  they  are  not  seems  to  militate  agaiunt  the  theory  thai 
the  changes  in  the  Gasseriau  gaiiglian  are  of  im  acute  iuilanimAtoij 
character.  We  know  that  inflammatory  changes  of  an  acute  kiai 
in  the  intervertebral  ganglion,  and  in  the  nerve  leatling  from  it,  not 
infrefiuently  cause  herjies  zoster,  and  we  have  seen  in  this  artick 
how  the  irrifaition  in  the  ganglion  caused  by  small  tubercles  wiD 
be  followed  b;v  an  herpetic  ern]>tion.  Nothing  like  this  ajtpa!^ 
ently  ever  occurs  in  ordinary  tic  douloureux.  The  inferen*  ^^  seHius 
waiTant-al^le,  lx)th  from  this  fact  and  from  the  extreme  slowne^ss  un<l 
chronicity  of  the  dinease,  that  the  change  in  the  ganglion  is  not  oiiouf 
an  acute  irritative  character,  but  rather  of  some  slow  degenerative 
process.  Additional  light  upon  this  important  subject  must  he  sup- 
plied by  microscopic  studies  on  the  ganglia  that  have  been  exciisd. 

The  following  case  (^f  tic  douloureux  is  at  present  under  my  cai« 
in  the  Philadelphia  Hospital ; 
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P.  T — -,  58,  white,  occupation  weaver,  has  had  a  high  grade 
of  couvvdsive  tic  for  six  years.  Formerly  the  spasms  varied  in  fr^ 
qnenc\^  from  every  live  minutes  t^i  several  hours.  They  are  brought 
on  1>y  eating,  drinking,  and  by  sudden  changes  in  the  temjK  ratnr»\ 
The  pain  at  lirst  was  woi>ie  on  the  cheek  and  temple.  l>iinu)i;_ 
a  spa^sm  the  fai'e  becomes  flusliedj  the  muscles  twitch  ma 
and  th<^  juiin  is  excruciating.  Tlie  patient  grasps  his  fac€ 
hands  and  begins  to  treml>le  all  o^er  and  has  an  exijres 
great  agony  on  his  face.  On  admission  to  the  hospital  tliis 
admitted  an  addiction  to  alcohol  imt  denied  that  he  had  ever, 
venereal  disease.  His  iiresent  cootlition  is  as  follows:  Hi^ 
gray,  more  wo  on  the  aft'eeted  side  i>f  tlie  scalp;  the  nose  is  mi 
formed  as  the  result  of  a  severe  accident,  which  caused  fract 
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deviation  of  the  nose  ix>  the  right;  the  nasal  chamber  of  the 
'ec'ted  Bide  is  almost  obliterated  by  the  deviated  septum  aud 
iormity  of  the  Ixines;  the  nami]  mucous  membrane  has  a  piir- 
bue,  and  shows  evidence  of  a  eliroiiic  inflammatioii-  The  man^s 
e3  are  firm,  sclerosed,  tortuous,  and  of  a  very  high  tension.  The 
ixysms  of  pain  and  associated  spasms  occur  now  every  few  mo- 
,ta  and  are  excited  e8i>ecially  when  the  i^atient  attemx>t8  to  talk  or  to 
B  food*  These  spasms  involve  the  left  occijntofron talis  muscle  and 
muscles  of  the  cheek  and  upper  lip*  The  pain  is  of  a  darting 
ter  and  excruciating  in  degree.  It  is  most  marked  during  the 
,m  just  above  the  external  canthus  and  in  the  region  of  the  supra- 
ital  nerve.  There  is  also  considerable  pain  at  the  infraorbital  fora- 
and  on  the  left  side  of  the  upi>er  lip,  also  at  a  point  aliout  an  inch 
the  left  zygoma  whence  it  runs  forward  to  the  alveolar  border  of 
snfierior  maxillary  bone  of  the  same  size.  In  this  case  the  spaam 
d  the  muscles  is  tonic  and  not  purely  reflex,  because  it  can  be  con- 
trolled to  some  extent  by  the  patient.  It  seems  rather  to  be  an  ef- 
fort on  the  part  of  the  patient  to  make  tlie  face  and  all  the  painful 
mobile  with  the  instinctive  hope  or  intention  of  thus  reducing 
ning  pain  to  a  minimum.  The  relationship)  of  trauma  to  the 
uf  tic  douloureux  in  this  case  is  most  interesting.  The  man  had 
lerere  accident  which  caused  fracture  and  great  deformity  of  the 
of  the  nose,  and  this  was  foUowed  in  a  short  time  by  commenc- 
tic  tlouloureux.  It  is  a  tiue^tion  whether  the  original  wounding 
of  tlie  Dene  endings  may  have  been  the  starting-point  for  an  irrita- 
tive process,  inflammat^jry  or  otherwise,  which  then  ascended  to  the 
Gasaerian  ganglion  and  later  spread  to  the  other  neurons.  The  dis- 
trihution  ni  pain  now  is  wide^preatl  through  the  branches  of  the  oph- 
thalmic and  superior  maxillary  di\"isions  of  the  fifth  nerve.  This 
patient  has  already  submitted  to  an  excision  of  the  ner\^e  at  the  inf  ra- 
orlrital  foramen,  but  the  oi»eration  gave  no  relief,  probably  because 
the  pain  was  not  limited  to  this  nerve. 

The  medical  treatment  of  tic  douloui"eux  is  most  unsatisfactory. 

All  the  sedative  and  alterative  drugs  known  to  medical  science  have 

Ijeen  ime^l  upon  this  obstinate  disease  and  not  one  of  them  has  ma^le 

a  f)eraianent  reputation.     The  risk  of  formation  of  some  drug  habit 

by  these  unfortunate  patients  is  very  great.     This  is  true  especially 

IB  reference  to  mori>hine  and  other  opiates  and  cocaine.     It  is  possible 

with  these  and  similar  anodynes  to  give  the  patient  temporary  relief ,  but 

their  repetition  is  so  soon,  so  frequently,  and  so  urgently  demanded 

that  the  physician  must  early  come  to  feel  that  he  is  standing  before 

L*^-  ugly  alternative  of  refusing  to  relieve  his  jvatient  on  the  one  hand, 

prof  enslaving  him  to  a  drug  on  the  other.     It  is  scarcely  worth  while 

to  mention  the  whole  list  of  sedative  and  anodyne  dmgs.    Mor]ihine  or 

lome  opiate  will  undoubtedly  give  the  promi>test  and  most  i-iticieut 

lelief  for  a  short  time  from  the  severe  paroxysms.     Cocaine  by  injec- 

tis  also  an  efficient  as  well  as  seductive  drag.     The  chances  of 
Vol.  X1,^12 
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the  patient  comiiij^f  to  rel^-  upou  it  are  rather  greater  even  than  in  I 
case  of  morphine,     I  have  thought  in  some  eases  that  morphine  i 
small  fretiuently  repeat-ed  doaes,  combined  with  alteratives  and  Urn 
such  418  iron  and  quinine^  was  a  curative  and  not  merely  pa 
drug.     It  is  better  used  thus  than  in  larger  dosea  at  less  frequ 
intervals.     Itji  steadily  anmlyne   influence  upon  the  irritated  nc 
when  given  in  small  repeated  doses,  as  for  instance  gr.  -jV  three  I 
four  times  a  day,  seems  to  have  a  beneficial  eflieet*     Its  comlvinati 
with   strychnine  is  especially   valuable.     This   latter  drug  may 
used  also  in  regularly  re|>eated  doses,  as  recently  recx>mmended 
Dana.     Caution  must  be  obseiTed,  however,  not  to  iise  too 
doHc,  for  the  ilrag  imiy  act  as  an  iiritant  to  the  nerve.     Dana  seeiiis( 
think  that  it  acts  in  same  special  way  in  tic  douloureux.     This 
l»e  true,  for  it  may  possibly  promote  luitritive  and  alterative  cl 
that  are  beuefit-ial.     Its  cinidiiuation  w4th  small  doses  of  morpl 
is  ad^'antageous  because   the  latter  tends  to  control  any  irritnlil| 
effect  of  the  former,     Nitroglycerin  in  doses  of  gr.  yIw  fi'^l^e 
repeated  is  sometimes   useful.     Tlie  tmly  other  drug  that  seems 
enjoy  any  tiling  like  a  permanent  reputation  in  the  treatment  of 
douloureux  is  iR^onitine.     It  may  \m  given  in  doses  of  gr,  j{t  ^ 
jlf^-.     Eromiile  of  potassium  is  not  a  useful  drug  in  tic  dr>ulour 
or  any  other  pabd'nl  artectirm,  because  it  is  not  an  auodyne. 
disagreeaWe  constitutional  effects  are  incurred  without  any  comp 
siition.      The    antipyretics,  such    an    antipyrin,  antifebrin,  es 
phenacetin,  and  a  |)roprietary  drug  known  as  autikamnia  have  ac 
trolling  influence  in  some  of  these  cases.     In  very  sever©  eases,  ho 
ever,    I  have  fonuil  their  use  unsatisfactorv'  both  liecause  of 
slight  and  evanes(*ent  eflVcts  and  also  liecause  their  continuous 
exercises  an  injurious  effect  upou  nutidtion.     They  tend  to  protlu 
aniciiiia  and  so  otherwise  disturb  nutrition,  aod  a  h>lerance  to  themi| 
st>fni  estal>lislied  liy  the  ] patient  which  renders  their  analgesic  effe 
ft'SH  and  less  marked.     Chloroform  and  ether  in  suflicieot  dose^  ^ 
of   cfHU'se  deaden  i*ain,  but  their   effect  is  strietl>'   temporary, 
other  sedative   drugs  mention  may  }m  made  r^f  lielladonna,  Imlifl 
lienifi,  ami   croton  chloral.     BoUad*inna  and  its  alkaloid  atropiH 
are  not  satisfnct^  »ry  for  the  reason  that  their  analgesic  effects  are  l 
great  and  tln^ir  constitutional  eft'ects,  especially  the  dryness  '^' 
throat,  are  ]>ei'uliarly  objectionalile  in  a  disease  in  which   th 
culty  of  maintaining  tlie  secretions  4jf   the  mouth  and  thro 
satisfat'tory  shite  and  c»f  administering  food  is  already  very 
Indian  hemp  or  hiislieesh  has  lieen  highly  lauded,  but  its  into: 
effect  upon  the  lirain  fespeciallv  in  large  and  repeat* -1  d'^^+^s)  i 
against  it.     Crotcm  chhiral  is  undoubtedly  of  service,  esiieciallj 
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ibined  with  the  small  repeated  doses  of  mor|ihiue  ah-eadv  men* 

led.      Alterative  drugs  such  as  arseuic  and  iodide  of  potassium  have 

er  seemed  to  me  to  he  of  much  sen-ice  iii  aii}-  form  of  ueuralgia 

fifth  ner%e.     The  same  iiia\'  Ije  said  of  the  mercurial  prepara- 

Syphilitic  afl'eetious  of  this  uerve  ai*e  certainly  rare,  but  in 

in  which  Bvphilis  is  deraoiistrable  mercury  and  the  iodides 

pr(>li*il>ly  be  efficacioxis.     Great  care  eboidd  Ije  obser\*ed  iti  all 

o!  tic  douloureux  to  maintain  the  nutrition  and  strength  of  the 

it.     Conseriuently  the  selection  of  an  a])j>ropriate  diet  and  the 

inistration  of  a  jirnper  quantity  c^f  food  tihould  be  among  the  fii*st 

of  the  physician.     Small  doses  of  »ome  alcoholic  stimulant,  es- 

y  a  gOiiHl  wiue  or  whiskej",  are  generally  indicated. 

Ltx^alapidicatioUH  are  fre*iuently  comforting  in  tbiH  diseaBe.     The 

edfltiTe  action  of  ice  should  be  tried.     The  ice  should  be  used  in  a 

mall  rublier  bjxg  iJr*>iMBrl\'  ijrotected  by  several  thicknesses  of  fluuneh 

h  tlie  otlier  hand,  warm  or  almost  liot  applications  are  sometimes 

ieful.    The  various  setlative  and  anodyne  liniments,  such  as  chloral 

md  cani[»hiir,  or  those  containing  cldurofomi  and  aconite,  are  not 

ritho^t  \me,   although  in  many  instances  they  are   dinapiHiinting. 

icity,  esjteciall}'  the  constant  current,  may  be  tried ;  it  is  some- 

not  without  g*>od  efl'ect.     But  great  care  sliould  \yp  nliserved  to 

a  mild  current  with  the  anotle  over  the  painful  ]M>int  and  to  avoid 

Faradism  may  be  initatiug  in  any  form  of  neuralgia  of  the 

ner^-e.     The  catajdjoric  actinn  of  electricity  is  sometimes  useful, 

yihiH  action  a  sedative  dnig  may  be  difTused  through  the  skin  over 

paiuful  area.     The  best  drugs  for  this  purpose  are  ccx^aine,  chlorrn 

irtD,  and  tincture  of  aconite.     They  are  api>lied  liest  l>y  saturating  a 

we  of  tissue  pajw-r  tir  a  thin  layer  of  lint  with  the  remedy,  and 

le  positive  XM)le  with  a  weak  current  is  then  a[)i ilied  uinin  the  pai>er 

Drliat.     By  this  means  some  diffusion  of  the  medicinal  sulistauce  is 

tottsed  and  the  i-elief  may  lie  promi*t  ami  may  endure  for  some  hours. 

Ihe  I'emoval  of  carious  teeth  may  l>e  [>rrjper  in  cruses  in  which  the 

iental  nerve  seems  to  be  the  seat  of  irritation.     The  indiscriminate 

fitmetioii  of  a  large  numl>er  of  sound  teetli,  however,  is  to  be  con- 

liemiied,  for  it  is  too  great  a  price  to  pay  for  what  is  usually*  a  most 

jdisapfiointing  result. 

I  Geaeral  hygieoe  is  of  great  importance  in  all  of  these  eases.  In 
W»  partictdarly  *jl>Htinate  case  I  knew  great  and  j>ermanent  l>enefit 
fesidt  from  a  sojourn  during  the  winter  months  in  one  oi  onr  South- 
mi  States.  Travel,  however,  is  very  irksome,  iiTitatiug,  and  de- 
Klitating  to  some  of  these  patients,  and  the  physician  has  t*i  take 
ate  due  account  tlte  possible  disadvantages  of  a  long  journey,  rn* 
toval  from   the  comforts  of  home,    and  separation   from   regxdar 

k  4 
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medical  and  other  attendance  whicli  are  involved  in  such  a 
change.     Fresh  air,  especially  outdoor  exercise,  while  theoretic 
advantageous,  is  practically  often  impoaaible  for  a  patient  suffe 
with  the  torments  of  tic  douloureux.     If  a  removal  from  home  is 
it  is  best  to  select  a  dry  and  warm  climate.     The  cold  and  dam] 
of  the  seashore  are  not  as  a  rule  beueficial  to  these  patients. 

The  radical  and  only  succesBful  treatment  in  some  case^  of 
douloureux  is  surgical.  In  cases  in  which  the  pain  is  limited  to 
one  branch,  that  branch  alone  of  coui-se  need  Im  exciseth  The  p 
lar  branches  which  in  my  observation  are  most  likely  to  reqi 
excision  are  the  supraorbital,  superior  maxillary,  inferior  dental 
its  ment^d  branch,  and  the  linj^ual.  ApiDropriat©  operations  can 
performed  in  all  these  cases  and  are  aometimes  followed  by  mc 
gratifying  temporary  results.  The  permanent  results,  however, 
too  man,}'  of  these  cases  are  disappointing.  The  tendency  of  the 
ease  undoubtedly  is  to  spread  from  one  branch  to  the  other,  and 
as  already  explained,  is  an  indication  that  the  true  centre  of  the 
ease  is  in  the  Gasseriau  ganglion  iiself,  in  which  are  locates!  all 
cell  bodie^i  of  the  sensory  neurons  which  compose  the  fifth  nei 
Surgeons  should  weigh  carefully  these  facts  when  advising  opieratic 
upon  any  isolated  branch  of  any  division  of  the  trigeminus, 
the  disease  tends  to  spread  after  operation  from  the  affected  hi 
to  another  is,  however,  no  cnntraindication  for  the  performance  of 
operation.  A  period  of  relief  var>  ing  from  a  few  months  to  as  mac 
as  a  year  or  two  has  often  been  gained  for  these  sufferers,  and  this 
a  substantial  gain  well  worth  the  cost  and  inconvenience  of  the  o]»ei 
tion.  Tlie  tendency  for  the  tlisoase  to  spread  from  one  branch 
another  is  not  increased,  so  far  as  we  know,  by  operation  on  the 
fected  nerve  l>rauch.  The  complete  and  satisfactory  relief  from  snffe 
ing  often  secun^dliy  operation  in  cases  in  which  only  one  nerve  ti 
is  removed  would  seem  to  militate  sf>raewhat  against  the  theory 
the  true  seat  of  the  tlisease  i.s  in  the  Oasserian  ganglion,  buttcM:*  mt 
reliance  miiHt  not  Ijc  ]ihiccd  njjon  this  fact,  liecause  the  jjowerful  it 
pressinn  made  ui><in  an  irritated  sensory  neuron,  by  cutting  off  a  largBJ 
portion  of  its  axis  cylinder  or  its  dendrons,  might  be  sufficient  so  to 
alter  nutrition  as  to  niodify  the  ability-  of  the  neuron  to  generate  or 
transmit  painful  imjjression.  Physiology  teaches  that  there  !€ 
tinction,  imjiortant  to  the  neuropiithologist,  Ijetween  the  irri 
and  the  conductivity  of  a  neuron  or  its  axis  cylinder,  and  ti 
former  may  l)e  even  al>olished  without  the  latter  lieiug  imj 
(See  section  on  Physiology  of  the  Neuron.) 

Again,  as  Donald.son  has  pointed  rmt,  the  dendrons  of  the  n 
are  especially  its  excitable  organs ;  in  other  words,  they  are  a 
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especially  for  receiving  impressions.     Now,  according  to  the  observa- 

tii»iLs  of  Lenliossek  the  fibres  of  all  sensory  neurons  extending  from 

the  ganglion  of  the  i)08terior  root  to  their  distributions  in  the  skin 

Are  practically  the  true  dendrons  or  the   active  sense  organs  of  these 

sensory  neurons.     Hence  in  any  oi)eration  on  the  peripheral  branches 

of  the  fifth  nerve  the  surgeon  should  recall  that  he  is  excising  the 

ninet  sensitive    portion,  i.e.,  the  receptive  organs  of  the  irritated 

nenron,  and  that  therefore  while  he  may  give  temporary  relief  to  his 

patient  he  has  no  assurance  that  he  is  eradicating  the  whole  of  the 

diifeased  nervous  tissue.    If  the  seat  of  this  disease  is,  as  we  suppose, 

in  the  cell  body  within  the  Gasserion  ganglion,  and  if  the  disease  has 

a  tendency  to  i)ass  from  one  group  of  these  cell  bodies  to  other  neigh- 

boriii|<  KToups,  thus  involving  new  nerve  trunks,  the  operation  will 

prol>ably  in  most  cases  be  followed  by  only  temporary  result.     This 

in  fact  is  what  we  know  has  happened  after  many  of  these  oi>erations 

on  isolated  trunks. 

In  cases  in  which  the  greatest  intensity  of  pain  seems  to  be  located 
in  one  nerve  trunk,  but  radiates  as  it  were  from  that  one  with  less  in- 
tensity into  others,  an  oi)eration  on  that  particular  nerve  will  probably 
di »  no  ^ood.  An  instance  of  this  is  seen  in  the  case  in  the  Philadel- 
phia HoH])ital  quoted  above.  In  that  case  a  sui)erficial  operation  on 
the  siii)erior  maxillary  nerve  gave  absolutely  no  relief. 

Stretching  the  aflfected  nerve  has  in  some  cases  been  attended  with 
gcjod  results.     J.  F.  Walsh  "*  has  recorded  a  case  of  severe  tic  dou- 
loureux limiteil  to  the  lingual  branch  of  the  fifth  nerve  in  a  yoimg 
wi  >nian  figed  twenty-six  years.     An  incision  was  made  on  the  side  of 
the  tou^;ue  and  the  nerve  was  exposed  and  dissected  out  of  its  bed.    A 
wf^ijiht  rjf  four  pounds  was  applied  for  five  minutes.     The  pain  ceased 
^entirely  for  tliroe  days  l>ut  then  reappeared.     A  few  days  later  the 
n^rrvo  was  again  exposed  and  a  weight  of  eight  pounds  was  applied 
f'.-r  two  minutes,  when  it  was  reduced  to  four  i)ounds  which  was  con- 
tinnetl  for  three  minutes.     The  fibres  of  tlie  nerv^es  showed  evidence 
of  the  tension.     Tlie  pain  now  ceased  entirely  and  at  tlie  end  of  seven 
y*rars  ha<l  not  reappeared.     Tension  of  this  kind  i)robably  amoimts 
pnirtically  to  the  same  thing  as  excision,  because  the  fibres  of  the 
nene  are  probably  disrui)ted  by  the  weight. 

In  a  case  alreiuly  referred  to  above,  in  which  the  jmin  was  strictly 
limited  for  more  than  a  year  to  the  mental  branch  of  the  inferior  den- 
tal ner^e,  a  simple  operation  at  the  i)oint  of  exit  of  this  nerve  from  the 
m^ntiil  foramen  would  i)robably  have  given  comj)lete  but  only  tem- 
r>orary  relief.  Oi)eration  in  this  case  was  proposed,  but  was  rejected 
bv  the  patient  and  her  husband.  That  tlie  relief  would  only  have 
h-en  temrK)rary  was  made  evident  from  the  fact  that  the  pain  eventu- 
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ally  extended  t<>  tJie  liugual  aod  auriculotemiioral  branches  of 
third  divisioD  of  the  fiftli. 

The  only  radical  operation  for  severe  tie  douloureux  involt 
several  branches  of  the  fifth  uerve  ia  ijndoubteill\'  complete  remo 
of  the  Gasserian  ganglion-     This  ia  a  severe  and  heroic  remedv,  1 
considering  the  gravity  of  these  cases  it  m  x>erfet:tly  jua tillable  if  i 
its  risks  are  fully  explained  to  the  patient  and  his  friendi^.     This  i 
not  the  place  to  enter  iuto  an  elaborate  discussion  of  the  techni^aed 
this  grave  oi>6rati on.     In  a  recent  paper,  W»  W,  Keen"  has  ili.scu 
elaborately  this  operati<jn  aud  lias  reported  six  cases  in  which  he  ] 
operated.     According  to  Keen  the  two  methods  of  reaching  the 
glion  are,  first,  that  devised  by  Kose  and,  second,  the  Hartle\  -Krau 
operation.     He  |>refers  the  latter,  lirst,  because  of  its  smaller  mor 
due  to  the  possibility  of  more  complete  asepsis;  secondly, 
access  to  the  gau^^liou  is  by  a  large  opening;  and,  thirdly,  l>ecausel 
entire  ganglion  with  its  roi>ts  can  thus  Ije  removed.     The  oi«erati<|j 
consists  of  making  an  osteoplastic  flap,  shaped  like  a  horseshoe,  in  ( 
temporal  region.     This  is  turned  down  and  the  temporosphenoid 
lobe  is  lifted  fnMii  the  middle  fossa  of  the  skull.     This  is  done 
the  forefinger,  the  brain  and  its  membranes  being  then  held  up  brl 
broad  spatula.     The  ganglion    is  tlnis   reached    and   ablat^^'d. 
dangers  and  difficulties  of  the  operation  consist  esi>ecially,  first,  i 
hemorrhage  from  tlie  middle  meningeal  artery  and  the  veijsels 
niug  in  the  dura  mater,  which  retpiireH  to  be  torn  away  io  order  1 
ex]>ose  the  gaugliou,  aikb  secondly,  in  Heciiriug   and  removing 
whole  of  the  ganglion.     In  some  cases,  according  to  Keen,  the  \ 
glion  is  probably  not  entirely  removed.     It  is  simxdy  broken  up  1 
the  curette,  houk,  or  othc^r  instruments.     In  one  case,  however,  Ke 
succeeded  in  romfjving  the  ganglion  entire.     This  distinction  is  I 
m4>st  iraiiortaut  one,  nnd  the  result,  according  to  Keen,  as  regards! 
currence  c»r  ynii-recurr*'nce  nf  tlie  pain  will  iirohably  depend  upon  I 
removal  or  m m-removal  of  the  whole  of  the  ganglion.     Among 
results  of  the  operation  destrut'tion  of  tlie  cornea  is  especially  tol 
feared.     This,  as  already  exfjlaiued,   is  not  an  infretpient   result  of 
disease  or  injury  to  the  fifth  nen^e.     The  first  oi>eration  by  Bose  re- 
sulted   in  the  luss  of   tlie  eye.      According  to   Keen,  however,  this 
grave  result  is  uai  common  after  tlie  operation.     In  one  of  his  — ^ 
however,  a  corneal  ulcer  resulted.     Keen  does  not  appear  to  ] 
danger  to  the  e>  e  as  ver\'  great,  l)iit  it  cannot  be  denied  that  it  > 
it  may  bf*  tlue  to  drying  of  the  cnruea  and  to  the  iiresence  of  . 
organisms  in  the  eye.     Keen  recommends  that  the  two  lids  lie  i 
in  the  cpntre,  and  that  the  eye  be  frequently  inspected  and  if  neC" 
cleansed. 
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The  reanlts  in  Kees's  operations  were  as  follows: 
In  Case  I.  the  Gasserian  ganglion  was  broken  up  after  thirteen 
prior  operations  on  various  branches  of  the  nerve.     The  patient  was 
rnreil  for  twenty-six  months,  when  he  had  a  return  of  slight  tem- 
porary twinges  of  pain. 

In  Case  II.  the  Gasserian  ganglion  was  broken  up  after  eight 
prior  oi)eration8  on  various  branches  of  the  nerve.  Cure  followed 
for  eighteen  months,  when  there  was  slight  return  of  pain. 

In  Case  III.  the  Gasserian  ganglion  was  broken  up  after  two  prior 
ojierationH  on  branches  of  the  fifth  nerve.  Death  resulted  from  septic 
meningitis. 

In  Case  IV.  the  Gasserian  ganglion  was  broken  up  after  five  prior 
operations  on  the  nerve  branches.  Cure  resulted  for  seven  months. 
There  was  necrosis  of  the  bone  in  the  flap.  There  had  been  no 
return  of  pain  at  the  time  of  the  report. 

In  Case  V.  the  Gasserian  ganglion  was  broken  up  after  two  prior 
ojieratious  on  the  ner\'e  branches.  Cure  resulted  for  two  months  so 
far  as  rej><)rted. 

In  Case  \I,  the  Gasserian  ganglion  was  removed  entire  with 
the  secoDil  and  third  divisions  and  its  sensory  and  motor  roots  back 
in  the  pons,  after  four  prior  oi)erations  on  the  ner\'e  branches.  Cure 
was  complete,  but  the  case  was  reported  only  a  few  weeks  after  oi>er- 
atinn. 

These  results,  in  spite  of  the  fact  that  one  death  occurred  in  six 
raftpbes.  must  be  considered  as  highly  satisfactc  )ry  in  such  a  grave  af- 
frt-tion  as  tic  douloureux. 

In  a  recent  ]mi)er  Doyen"  recommends  the  resection  of  a  portion  of 
the  bone  covering  the  temporal  fossa  and  of  a  part  of  the  greater  wing 
of  the  8f»henoid  }>one.  The  techniiiue  of  his  operation  need  not  be 
\lfs**Tilieil  here.  The  oi)eration  seems  to  render  the  complete  removal 
of  the  ganglion  rather  more  easy  than  the  Hartley-Krause  oj)eration. 
In  c»ne  ca.se  complete  cure  had  jiersisted  for  two  and  a  half  yeai*8,  but 
in  two  cas€^  death  resulted.  Hence  on  the  score  of  mortality  the 
o{*enition  has  much  to  l)e  said  against  it. 

From  the  strictly  neurological  standpoint  removal  of  the  Gasserian 
panfdion  for  intractable  and  wddely  extended  tic  douloureux  is  a 
kurical  and  i)erfectly  justifiable  operaticm.  This  is  so  for  the  rea- 
*-in  thfit  all  clinical  evidence  seems  to  i)oiut  to  the  fact,  as  already 
emphasized  in  this  pai)er,  that  the  true  seat  of  the  disease  is  in 
this  ganglion;  consecjuently  any  operation  upon  an  isolated  trunk 
of  the  nerve  will  prol>ably  give  only  temi)orary  relief.  In  cases  in 
which  the  disease  is  as  yet  strictly  limited  to  one  nerve  trunk,  section 
of  this  trunk  had  of  course  better  be  undertaken  instead  of  the  dan- 
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gerous  procedure  for  removiog  the  gangliou  itself.     But  in 
unliappil}'  the  moat  frequeot,  in  wliich  more  than   one  trunk  ia  j 
volved,  nothing  short  of  removal  of  the  ganghon  itself  offere  , 
prospect  for  a  cure.     With  improved  technique  and  enlarged  exp 
ence  the  mortality  from  the  operation,  as  seen  in  the  work  of  Kei 
and  other  surgeons,  is  not  so  great  as  to  discourage  the  removal  ( 
the  ganglion. 

Motor  Affections  of  the  Fifth  Nerve, 


The  motor  affections  of  the  fifth  nerve  are  of  course  confined  to  \ 
motor  branch  of  that  nerve.  This  branch  supplies  the  muscles  ( 
mastication,  i.e.,  the  temporal,  miif^seter,  and  pterygoid  muscles,  \ 
some  of  the  small  muscles  of  the  middle  ear,  as  well  as  the  mvlohyo 
muscle  and  the  anterior  belly  of  the  digastric.  Before  dividing,  1 
ever,  into  its  several  liranches  the  motor  division  of  the  fifth  tier 
after  iiassing  lieneath  the  Gasserian  ganglion,  unites  with  a  divisioi 
of  the  inferior  maxillary  nerve,  aud  from  this  trunk  five  brant^ 
arise  which  siiptily  the  muscles  of  mastication,  as  well  as  some  oft 
integument  about  the  mouth  and  the  mucous  membrane  withiu 
mouth  beneath  tlie  buccinator  muscle.  Consequently  these  mo 
branches  are  mostly-  mixed  nerves  containing  some  sensory  as  wpUi 
motor  filaments.  The  deep  origin  of  the  motor  fibres  of  the 
nerve  is  in  a  nucleus  iu  the  pons. 

The  motor  division  of  the  fifth  nerve  may  be  afi'ected  by  lesions  i 
its  uuc'leiis,  in  the  pons,  in  its  course  between  its  exit  from  the  ] 
and  its  junction  with  the  inferior  maxillary  nerve,  or  in  any  of  i 
bninchey.     The  most  eommtm  alToctions   are  those  that  involve  i 
nerve  trunk  in  this  Heeond  ]iortioii  of  its  course,  i.e.,  between 
pons  and  its  junction  with  the  branch  from  the  inferior  ma 
The  most  commnn  lesions  are  of  course  those  that  affect  the  senso 
branch  ni  the  fiftii  nerve,  as  the  two  lie  so  close  together  that  they  i 
practically  Ixjth  affected  by  the  same  lesion.     The  most  common  t 
these  lesioDS  are  syphilitic  raenintriHs  and  tumors.     Within  the] 
focal  lesions,  such  as  tumors,  hemorrhage,  and  embolic  softening,  l 
cause  paralysis  of  the  mf>tor  root  of  the  fifth  nerve.     The  symptoms  I 
paralysis  of  the  motor  division  of  the  fifth  nerve  may  be  either  "' 
or  loss  of  power. 

Spasm  of  the  muscles  of  uiastication  causes  the  well-knoi? 
mus   or  lockjaw.     Tlie  jaw   is   firndy  set  and   the  muscles  > 
ti cation,  especially  the  tenii>oral  and  masseter,  can  be  felt  ui 
finger  firmly  contracted.      Attem]>ta  to  open  the  jaw  meet  >  ^ 
si  stance,  which  niav  seem  to  l:>e  vohmtarv  in  character.     Wh 
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muscles  of  both  sides  are  affected  the  face  has  the  characteristic  grin 
known  as  the  risus  sardonicus,  caused  by  an  elevation  of  the  comers 
of  the  mouth   due  to  a  slight  associated  spasm  of  the  facial  muscles. 
Trismus  as  an  isolated  symptom  is  an  exceedingly  rare  occurrence. 
As  an  associateil  symptom  it  is  frequently  seen  in  tetanus  and  in 
meningitis   about  the  base  of  the  brain.      How  much  it  is  due  in 
either  of  these  cases  to  irritation  of  the  nerve  trunk,  or  how  much 
to  irritation  of  the  nerve  centres  it  is  not  possible  to  state.     In  men- 
ingitis  about    the  base    of  the  brain,   e8i)ecially    the    tuberculous 
Tarietj-,  the  motor  branch  of  the  fifth  nerve  may  be  within  the  in- 
flamed membranes.     In  such  cases  the  nerve  branch  itself  may  be 
directly  involved  and  irritated  by  the  morbid  process.     Keflex  spasm 
in  the  muscles  of  mastication  is  said  to  be  caused  sometimes  by  irri- 
tation of  some  of  the  sensory  branches  of  the  fifth   nerve.     Such 
cases  must  be  exceedingly  rare.     A  carious  tooth  or  an  ulcer  in  the 
ZDoath  may  be  capable  of  producing  such  a  reflex  spasm,  but  in  any 
such  instance  I  should  rather  regard  the  spasm  as  voluntary  and  in- 
dicAtiTe  of  an  effort  by  the  x>atient  to  render  the  painful  part  immobile 
mnd  thus  diminish  all  sources  of  irritation  and  all  chances  of  increas- 
ing pain.     Spasm  of  the  muscles  of  mastication  is  an  occasional  symp- 
t<^>m   of  tumor  or  other  focal  lesion  in  the  pons  or  about  the  base  of 
the  brain.     Thus  Gowers  refers  to  the  case  of  a  woman  who  probably 
hail   H  focal  syphilitic  lesion  about  the  basilar  artery  and  who  had 
sr*aszn  of  the  muscles  of  mastication.     In  this  case,  however,  the 
sen^yry  i>artH  of  the  fifth  nerve  were  unaffected,  therefore  it  seems 
jiTolwible  that  the  lesion  could  scarcely  have  been  limited  to  the  motor 
branch,  but  must  have  been  nuclear.     On  the  whole  it  must  be  con- 
cludetl  that  spasm  of  the  muscles  supjilied  by  the  motor  division  of 
the  tiftli  nerve  in  an  extremely  rare  ftymi)tom  of  a  local  lesion  within 
the  cranium. 

pttrnlifsiH  of  the  motor  branch  of  the  fifth  nerve  is  a  usual  accom- 
{laniment  of  paralysis  of  the  sensory  division.  This  can  l^e  accounted 
f«»r  by  the  close  proximity  of  the  motor  nerve  to  the  sensory  root  and 
the  (nis.serian  ganglion.  The  symptoms  are  as  follows:  The  tem- 
p«>nil,  masseter,  and  two  pterygoid  muscles  on  the  afl'ected  side  are 
l«inilyzeil,  conse<iuently  the  patient  is  unable  to  close  the  jaws  tightly 
exc^T»t  by  the  action  of  the  muscles  of  the  opi)osite  side.  This  can 
iHiiiily  be  determined  by  causing  the  ])atieut  to  chew  upon  some 
small  object,  such  as  a  crust  of  bread  or  a  piece  of  cork.  Witli  the 
fingers  then  placed  over  the  temporal  and  masseter  muscles  it  is  readily 
observed  that  these  do  not  contract,  and  this  is  in  marked  contrast 
with  the  motion  of  their  fellows  on  the  opposite  side.  The  paralysis 
of  the  external  pterygoid  muscle  causes  a  characteristic  failure  iu  the 
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lateral  movements  of  the  jaw.     As  the  action  of  tlnn  imi^sele  is 
di*aw  the  lowfjr  jnw  forward  this  movemeut  caimot  be  satisfaetur 
executed,  and  the  unopposed  muacle  acting  alone  the  corre«|K)nd 
or  unparalyzed  Bide  is  not  only  drawn  forward  but  deviates  towan 
the  parah'zed  side;    cougequeutly  the  to-and-fro  lateral  movem^n 
of  the  lower  jaw  necessary  for  the  trituration  of  the  fo(^d  are  alnj- 
ifthed,  the  jiatient  in  his  eflfoi-t  dimply  forcing  the  lower  jaw  towaitii  , 
the   imralyzed  side*      Although  the  tensor  tyinpani  is  8UiJj)lied  bj 
the  fifth  nerve,  no  affection  of  hearing  is  commonly  caused  brj 
ralyeis  of  the  motor  root.     In  loug-stauding  cases,  in  which  de 
tion  of  the  affected  niuHcles  occurs,  a  ])erceptibl6  flattening  is  visibfei 
the  region  of  the  temporal  and  masseter  muscles,  and  secoB 
shortening  may  even  produce  a  slight  rigidity  of  the  jaw  on 
attected  side. 

The  diagnosis  of  paralysis  of  the  motor  branch  of  the  fifth  BeifjT 
is  com]iaratively  easy,  although  this  paralysis  may  reaiiily  be  ove^| 
looked  by  a  careless  observer.    In  any  suspected  case,  as  just  remarked, 
it  is  only  necensary  for  tlie  physician  to  place  the  fingers  of  one  liaod 
upon  the  muscles  of  tiie  atfet'ted  side  and  the  fingers  of  the  other  laDii 
upon  the  muscles  of  the  unaffected  side  and  to  direct  the  i>atient  to 
chew  upon  some  small  object.     The  contrast  between  the  action  of  tlie 
uuparal>'zeil  muscles  and  the  loss  of  action  of  the  paral^'zed  musrlv*  "^ 
then  very  noticeable.     The  seat  of  the  lesion  is  clearly  indicated  ^vis'  l 
the  muscles  are  paralyzed  in  conjunction  with  anaesthesia  of  all  the 
sensory  branches  of  the  fifth  nerve.     It  must  then  be  either  witliiu  the 
[Mms  or  between  the  pons  and  the  junction  of  the  motor  branch  with 
the  inferi(»r  maxillary  nerve.     The  ophthalmic  branch,  after  it  leave* 
the  Gasseriau  ganglion  and  enters  the  orbits  may  of  course  be  impli- 
cated without  involving  the  motor  branch.     It  is  conceivable  also  tliat 
Bome  branches  of  the  second  and  third  division  of  the  fifth  nene 
might  Iw  implicated  without  involving  this  branch.     The  motor  braach 
wfjnld  not  likely  l)e    involved  apart  from    all  the  sensory  brancheft^ 
except  by  a  strictly  localized  lesion  in  its  nucleus  within  the  pons. 

Tlit^  frrfffmettf  of  paralysis  of  the  motor  branch  of  the  fifth  ner 
depfntls  of  course  uprm  its  cause.     In  case  of  a  syphilitic  lesio 
active  treatment  with  the  iodides  and  with  inunctions  or  hypoder 
iujectionH  of  mercury  is  indicated.     Treatment  of  the  affected 
by  electricity  may  be  tried,  but  in  case  of  a  deep-seated  lesi 
treatment  is  of  secondary  importance.     As  the  faradie  conti 
of  the  muscles  is  S(K^>n  al*olislied  Vyy  a  destructive  lesion  it  w 
uselpHs  t(i    try  faradism.     The   galvanic  current  might  l>e  r 
maintain  the  mitritiou  of  the  muscles  during  the  progress  o 
radical  treatment. 
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Diseaees  of  tlie  Save  nth  Nerve » 

This  nerve  rises  fnim  a  Ducleiis,  in  the  tegmentum  of  the  pons 
ttlii,  cumix)sed  of  large  jDuJtii*olar  celk.  The  nxis  cylinders  froDi 
1  Deurons  pass  backwards*  underneath  the  dour  of  the  fourth  ven- 
B,  where  thejt'  turn  forming  the  knee  and  then  paeH  forward  rather 
►  the  outer  side  of  the  nucleus  and  emerge  from  the  pons  close  to  its 
action  with  the  medulla  oblongata,  in  eh)8e  i»roximity  with  the  eighth 

Within  the  t*end  or  knee  liefl  the  nucleus  of  the  «ixth  nerve. 
The  course  of  the  facial  nerve  18  a  raoHt  important  one  for  the  nen- 
opathologist.     It  first  lies  u[>on  the  crus  cerel>elli,  but  almost  imnie* 
ktely,  with  the  auditory  nerve,  enters  the  internal  auditory  meatu«. 
It  follows  all  the  l>ends  cjf  the  aqueduct  of  Falloj>ius  through  the  pe- 
ons ix)rtion  ol  the  temporal  bone.     At  its  first  and  most  acute  bend 
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fi*  H-  Diajrram  of  Orfgin  of  th«  SeTvuth  Nerve.    On  tb#!^  ti^ft  the  fibres  are  fteen  In  profile^ 
N'licl^'us  of  sixth  nerve  ;  vn..  nucleus  uf  seventh  nen-e.    (Vaii  Gehucbten  ) 


VL, 


'  in  this  canal  it  forms  tlie  geniculate  ganglion,  at  which  point  it  is  joined 

b?  the  several  i>etroHal  nerves  which  connect  the  facial  nerve  w^ith 

Meckel  H  ganglion,  mth  the  otic  ganglion,  and  with  the  8ymi>athetic 

•fstem.     The  nerve  then  runs  in  the  internal  wall  of  the  tyniimuum 

tear  the  fenestra  ovalis  and  emerge.**  from  the  skull  at  the  stylomastcdd 

foramen.     It  now  passes  at  once  through  the  sul>8tauce  of  the  jiarotid 

gland  near  the  external  carotid  artery  and  then  divides  into  two  main 

bTHiieke8,  which  sulxlivide  into  the  numerous  ImuicheH  which  stijjply 

the  facial  muscles,     Tlie  facial  ner\'e  nupplien  all  the  muKcles  of  the 

eas  well  as  the  orbicularis  palpebrarum  and  the  frontal  portion  of 

occipitofrontalis,   the    platyHnia,   the    buccinator,   the    ponterior 

iJr  of  the  digastric,  and  the  stylohyoid  muscle.     By   wa\'  of  the 

Pcnorda  tymimni  it  sends  branches  to  the  lingualis.     It  also  seuiis 

[br^iche^  to  the  Rta]>ediu8  and  the  laxator  anil  tensor  tAinpani.     It 

lo  probably  sufiplies  the  levator  i>alati  and  azygon  uvuhe. 

The  imi>ortant  points  to  be  remembered  are  aa  follows :  Within    j 
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Ckarda  firmpan 


due  aqoedtict  it  seiidB  off  the  trmpanic  braiicli,  which  BOpplj 
8lapediti8  and  laxator  tympani   muscles,   and  the  chorda 
nerve  which  leaTes  it  aboat  a  qiuuier  of  an  inch  before  its  exit  I 
Tan  Gehuchten*').     It  is  impoitoit  to  recall  that  the  chorda  ttmp 
is  not  ptirelr  a  branch  of  the  facial  nerre,  bat  conveys  sensory 

as  well :  it  is  probably  in  i 
imunai  mtrrt  of  Wn^erp      gustatory  ncFve  for  th©  anti 
portion  of  the  tongue.  Thet 
of  the  facial  nerve  within 
aqueduct    lies    in   the  mU 
wall  of  the  tympanum,  and  ( 
sequenily  it  may  be  affected  1 
destructive  lesions  of  the  i 
ear.  These  relations  supply  i 
for  the  localization  of  tkd  i 
ease  processes  which  affect  I 
trunk  of  the  nerve.    Sapolioi  I 
lieve^  thai  the  chorda  tymp 
is  simply  a  continuation  of  i 
intermeiliary  nene  of  Wrisb 
that  the  trunk  of  this  nerve  1 
comes  unitetl  to  but  not 
tifieil  with  the  trunk  of  thef 
and  that  the  geniculate  gaD 
in  tLe  aijueduct  nf  FaUopiufti 
analogous  to  the  ganglia  wlijd 
exist  on  all  the  sensory  rootB  d 
the  cerel>rnfij>inal  system.    His  and  Martin  have  fouud  in  thisgenio 
Lite  ganglion  iu  human  and  cat  emliryos  bipolar  cells  identical  wij 
tlioHe  that  are  found  in  the  cerebrospinal  ganglia  of  all  embryos;! 
IV^xius  liMH  desrril>ed  in  thin  same  pan^^linn  iu  the  adult  eat,  dog,  I 
mainin i polar  cells  idputit^-al  T^dth  those  found  in  the  cerebrospinal  ( 
glia  iu  all  a<lult  mammals  (Van  Gehuehten).     According  to  thifi^ 
have  a  tliirteentli  ciimial  nerve  which  may  be  regarded  as  the  sens 
mate  nf  Mm  soveyfh  uorve, 

Th«5  moKt  cnmmr>ji  diseas^e  of  the  seventh  ner\'e  is  neuritis  at ; 
emergence  frnm  the  styloujastoid  forameu.     This  inflamm^' 
nut  always  \m  cinitiued  io  tlie  trunk  after  it  leaves  the  ski 
sniae  cases  probably  extends  for  some  distance  up  into  the 
nf  FjillujnuH,     Ah,  however,  in  the  majority  of  these  casee 
ij(*  evideijc^o  of  iyvolveiiii'iit  of  tliB  chorda  tympaui  (which,  a 
seen,  leaven  the  trunk  of  the  farial  nerve  only  a  quarter  ol 
witliiii  the  H'lueduet),  it  is  ntit  jirolmble  that  the  inflammat 
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f  cxteuils  in  these  sitDple  cases  of   neuritis  far  into  the  bony  canaL 

tHie  ciuef  cause  of  tliis  neuritis  of  tlie  facial  nen-e  is  exposure  to 

old.      In  many  cases  a  tlirect  history'  cau  be  olitained   from   tlie 

f*|atientB  of  such  exposure.      Thus,  sitting  in  a  draught  when  over- 

ftted,  or  sitting  at  an  open  window  of  a  railway  car  c^r  in  an  open 

iTeihicle  on  a  cold  da^v-,  are  among  the  common  causes  of  the  affec- 

l4Uni.    Another  less  common  caiiBe  is  disease  of  the  petrous  portion 

«f  the  temporal  bc»ne.     Such  disease  may  l)e  caused  by  suppurative 

pnxisses  within  the  middle  ear.     The  trunk  of  the  facial  ner^'e,  as 

nill  Ite  recalled,  lies  in  the  wall  of  the  tympanum  separated  by  only 

i  Uiin  layer  of  bone  from  the  ca%'ity  of  the  middle  eaiv     The  carious 

may  very  reatlily  break  down  this  thin  wall  of  btme.     Thus 

rill  a  case  of  a   man  suffering  from   middle-ear  disease  local  treat- 

LueDt  by  an  aural  sur^^eon  was  followed  in  a  short  time  by  inflam- 

[  JBAtioii  and  paral\'j^is  of  the  facial  nerve.     Such  a  case  is  peculiarly 

liEble  to  reflect  unjiistly  upon  the  skill  of  the  aurist.     In  any  case  of 

diTonic  otitis  such  a  mischance  may  occur  without  operative  inter- 

fcreDce.     It  has  even  been  claimed    that  inflammation  ma^^  extend 

to  the  trunk  of  the  facial  ner^^e  from  the  middle  ear  without  destruc- 

tion  of  this  tldn  lamina  of  the  bone. 

8v|ihilitic  disease  of  the  temporal  bone  or  about  the  base  of  the 
aknU  may  also  involve  tlie  seventh  nerve, 

Lijury  of  various  kinds  may  also  cause  a  i>aralysis  of  the  facial 
Bene.  Thus  surgical  operations  on  or  about  the  [jarotid  gland  may 
involve  the  trunk  of  the  nerve*  Blows  upon  the  cheek  in  tbe  neigh- 
borhocul  of  the  nerve  may  cause  facial  paralysis.  In  obstetrictd  prac^ 
tice  it  is  important  to  recall  that  pressure  of  the  forceps  has  caused 
EHeb  a  paralysis  in  the  child.  Fracture  of  the  base  of  the  skuU 
may  also  involve  the  facial  nerve,  although  such  cases  are  rare. 

Lesions  of  various  kinds  about  the  base  of  the  brain  may  cause 
paralysis  of  the  facial  nerve.  Such  especially  are  tumors,  meningitis, 
Mid  hemorrhage. 

Within  the  pons  various  small  foc-al  lesions  may  injure  the  nucleus 
or  the  extensive  intrapontine  fibres  of  the  neventh  nerv^e.     Thus  a 
small  hemon-hago  or  neoplasm  may  parah'ze  this  nerve.     In  case  the 
fibres  of  the  fjicial  ner\*e  are  involved  near  the  knee  the  nucleus  of  the 
sixth  nerve  may  also  be  involved,  thus  giviug  a  combined  jiaralysis  of 
3ie  sixth  and  seventh  nen'es.     Paralysis  of  the  seventh  nene  has  also 
Jfton  caused  in  disseminated  sclerosis  by  a  small  islet  of  degenera- 
tion, and  in  locomotor  ataxia  also  the  nerve  has,  although  very  rarely, 
been  involved. 

Symptoms  of  paralysis  of  the  facial  nerve  are  quite  characteristic. 
When  the  nerve  trunk  is  affected  at  any  point  so  as  to  involve  all  its 
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fibfOB,  all  the  moades  supplied  br  the  oerre  will  of  course  be  j 
pliesled.     The  mosl  eomniOQ  locadoxi  for  the  nerve  to  be  mvulvedj 
as  alraadj  staied,  al  the  atT^lomaaloid  forameD.     Of  course  iai 
case  onlv  those  muscles  are  inrolTed  which  are  supplied  bf  1 
included  in  this  portion  of  the  metre*     Thus  all  the  moBcles  of  I 
hee  as  well  as  the  frontalis,  orbienlaris  jmlpebrarum,  and 
nator  will  be  pand  vzed,  but  the  musolee  and  parts  supplied  b  v  bi 
of  the  facial  nerve  within  the  aqueduct  of  Fallopius  will  escape, 
the  fibres  which  supply  the  small  muscles  of  the  tjmpanum  ma?  ] 
be  inTolred^  and  even  the  chorda  tympani  which  branches  off  coif  1 
quarter  of  an  inch  within  the  canal  mav  possibly  eiw?aiHf, 


Fio.  24.— Par»iy8i»  of  Left  tSevenili  Nerife  in  a  Cnae  of  Ear-di»ease.     <  PluUdelphiA-HospitaL) 

In  ordinary  facial  itundyHis  caused  by  neiiritiB  at  the  sty  Ion 
foramen  tiie  sido  tj{  tlie  face  Hiiiii>lied  by  the  affected  nerve  is 
lutely  inuurtbilt*.  Thi.s  is  so  not  f>nly  during  all  attempts  at  volitio 
nK>veni*^iit  l>iit  also  dm  iu^  tlie  expie^siou  of  eraotions.  These  are i 
iH^rbmt  pointH  in  tlie  differentiation  of  a  pure  peripheral  paralysis < 
tho  facial  nerve.  The  al>Holntenes8  of  the  paralysis  to  all  modes  I 
exprcHttion  is  in  marked  contrast  to  what  is  seen  in  paralysis  from] 
df^e J »er  seated  lesion,  i\f\y  a  lesion  alxive  the  nucleus  of  the  nerve  1 
the  jjoixH.  AVhen  for  instance  the  patient  attempts  to  8]ieak  or  to  laugh 
the  niUHcles  reniain  aVisolutoly  inert.  As  a  consecinence  of  the  pa- 
ralysis  of  all  the  facial  nmsclea  of  one  side  the  imoi>j>osed  muscles  of 
the  other  side  draw  the  face  towards  the  sound  side.  Am  a  oonse' 
fjiienc**  th*^  nasolaliinl  fold  on  the  affected  side  is  flattened  or  ob- 
litorabd  while  on  tlie  sound  side  it  is  increased  in  depth  and  expreer 
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fflTeDess.     Tlie  comer  of  the  mouth  on  the  affected  side  falls  so  that 
the  moaih  assumes  a  rather  oblique  instead  of  a  transverse  position. 
When  the  x>&tient  attempts  to  frown  or  smile  the  contrast  bet\i'een  tlie 
two  sides  is  marked.     He  smiles  or  frowns  on  one  side  of  his  face 
onl  V,  the  muscles  of  the  other  side  not  partaking  in  the  expression  of 
emotii>n.     The  frontal  portion  of  the  occipitofrontalis  muscle  on  the 
aziAffected  side  is  thrown  into  deep  furrow  by  tlie  attempt  of  the 
|:«ktieiit  to  ex])ress  emotions,  while  on  the  affected  side  it  remains 
smooth  and  toneless.     As  a  consequence  of  the  paralysis  of  the  or- 
bicularis palpebrarum  the  eye  cannot  be  closed.     When  the  jjatient 
luakc^  strong  efforts  to  close  his  eyes  the  soimd  one  is  closed  with 
nnasnal  vigor,  while  the  one  upon  the  affected  side  remains  02)en  and 
the  eyeball  is  rolled  upwards  so  that  the  cornea  disap{)ears  beneath 
the  upper  lid.     In  consequence  of  this  inability  to  close  the  lid  tears 
may  flow  unopposed  from  the  eye  and  some  irritation  or  even  inflam- 
mation of  the  conjunctiva  may  result  from  foreign  Iwdies,  such  as 
•iu23t,  etc.,  in  the  eye.     The  eye  remains  paiily  open  during  sleej). 
Th**  levator  palpebne  is  not  involved  in  this  paralysis,  consequently 
tlit^re  is  no  drooping  of  the  lid.     Owing  to  the  drooping  of  the  comer 
of  the  mouth  the  tongue  when  protruded  neems  to  deviate  towards  the 
jiaralyzed  side,  but  this  is  apparent  only.     Whistling  is  difficult  or 
f  v*=*n  imi>088ible  because  of  the  paralysis  of  the  lips.     For  this  rejison 
also  control  over  the  orifice  of  the  mouth  is  imi>erfei't,  so  that  in 
drinking  there  may  be  some  escape  of  the  fluid  from  the  i)aralyzed 
-id**.     BecaiLse  of  paralysis  of  the  buccinator  food  may  accumulate 
V»-twr^n  the  cheek  and  the  teeth  or  jaw.     The  platysma  myoides  is 
'.uinilyzed,  as  are  also  the  muscles  of  the  external  ear,  the  stylohyoid, 
AH' I  the  iM>sterior  belly  of  the  digastric;  but  palsy  of  none  of  these 
i-auj*es  noticeable  symx)toms  unless  it  be  in  the  case  of  the  platysma. 
Although  anatomy  and  physiologj-  have  taught  in  the  past  that 
the  levator  imlati  is  supplied  by  a  branch  from  the  facial  nerve,  yet 
clinically  we  do  not  jih  a  rule,  if  ever,  see  i)aralysis  of  the  i)alate  as  a 
*ymi>tom  of  jiaralysis  of  the  seventh  nerve.     The  branch  which  is 
*upiKJ«e<l  to  supply  the  palate  leaves  the  fcicial  nerve  at  tlie  genicnhite 
^ngliou,  and  it  maj'  be  that  in  many  cases  of  paralysis  of  the  nerve 
the  lesion  does  not  extend  back  thus  far.     A  more  i)rol)able  explana- 
tion, however,  is  that  the  levator  is  in  reality  supplied  by  the  si)inal 
»cc«»K*ry  nerve,  i.e.,  by  the  accessory  or  medullary  branch  which 
fiasf^eii  into  the  ])neumogastric  ner\'e. 

In  cases  of  ])aralysis  of  the  facial  ner\'e  in  which  the  lesion  is  above 
*fT  centnul  to  the  origin  of  the  chorda  tympani  and  l)elow  the  junc- 
tion of  the  nene  of  Wrisberg,  taste  is  lost  in  the  anterior  i)art  of  the 
tucigue  on  ine  jMiralyzed  side.     When  the  nene  is  affected  in  its  nu- 
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cleus  or  in  its  root  above  the  point  of  connectioD  with  tlie  nerve  of  1 
berg  taat^  m  not  affected;  so  also  when  the  nerve  is  injured  br  i 
on  the  cheek  or  by  a  neuritis  limited  to  the  eoiirse  of  the  nerre  tdU 
leaves  the  aquedutit  of  Fallopius  taste  ia  not  affected.     In  somec 
however,  of  inliammation  st  or  about  the  stylomastoid  foramen : 
chorda  tympani  may  be  involved  by  the  extension  of  the  infl 
tion  a  short  distance  witldn  the  Fallopian  canal  to  the  origin  of  ( 
branch.     As  a  consequence  involvement  of  the  sense  of  t^ste  ini 
paralysis  is  of  cousiclerable  localizing  importance.     It  shows 
the  chorda  tympani  is  involved  anywhere  from  the  ijoint  of  iniioa^ 
the  intermediary  nerve  of  Wrisberg  with  the  seventh  nerve  up  to  1 
point  of  branching  of  the  cht>rda  tympani.     The  anterior  half  onlrl 
the  tongue  on  the  affected  side  is  involved  in  this  loss  of  taste. 

In  some  cases  of  facial  paralysis  the  stai>edius  muscle  is  ]>aratT| 
and  as  a  result  there  may  be  a  Hlight  tinnitus.     As  a  nde,  howew 
hearing  is  not  impaired  in  pure  facial  paralysis,  and  when  dn 
of  hearing  does  occur  seemingly  in  connection  with  these  eases  itl 
probably  due  to  involvement  of  the  middle  ear  in  an  inflammafe 
process. 

The  paralysis  caused  by  destructive  lesions  of  the  seventh  nerve  ^ 
of  the  purely  peripheral  type.  This  is  so  in  whatever  part  of  its  cou 
the  nerve  is  involved,  from  its  nucleus  in  the  jions  to  its  distributi 
in  the  facial  muscles.  The  paralysis,  therefore,  is  not  only  comp 
but  of  the  flaccid  t\'pe.  The  muHcles  lose  their  tone  and  their  ] 
excitability.  They  degenerate,  atrophy,  and  what  is  very  charact 
tic  soon  show  the  reactions  of  degeneration  (see  page  74).  These  3 
tions  of  degeneration  in  facial  i)aral\'8is  are  usually  very  prompt ' 
appear,  and  as  they  are  exhibited  in  such  convenient  gi^oups  of  super- 
ficial muscles  they  may  he  studied  in  these  cases  with  gi^at  advantage. 
The  faradic  ctmtractility  usually  decreases  rapidly  and  disapx)ear8  in 
the  caui"se  of  a  few  ihiys.  The  changes  to  galvanism  as  a  rule  aw 
also  prompt.  First  there  is  the  initial  increase  in  galvanic  eicitar 
bility,  then  there  are  the  gradual  decrease  and  the  qualitative  chang^A. 
Thus,  tlu^  catlindal  clusure  contraction  decreases  while  the  anodAl 
closure  contraction  ecinals  or  exceeds  it.  In  extreme  cases  the  catli(v 
dal  o]>ening  contraction  may  he  elicited.  The  modal  change  also  oc- 
curs. This  critjsisis,  as  ah^eady  exi>lained,  in  a  change  in  tb*^ 
nr  m(jde  of  reaction  of  the  muscular  tissue  to  the  galvanic 
Instead  of  the  f[uiek,  sharp  res]>nnse  of  a  normal  muscle  the 
is  slow  and  sluggiHli,  and  there  may  even  lie  a  continuation  • 
truction  while  tlie  current  continues  to  flow.  This  latter 
duration  tetany. 

The  reasons  for  the  phenomena  of  degeneration  and  flacci 
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I  in  all  cases  of  destructive  lesiona  of  tte  seventh  nerve  in  or  below 
nucleus  are  not  difficult  to  understand.     As  already  explained  in 
i  preceding  part  of  tkis  article,  the  nutrition  and  functional  activity 
tibe  axis  cylinder  and  of  the  muscles  which  it  supplies  depend  upon 
integrity  of  the  cell  body  of  the  neuron.     If  any  portion  of  an 
cylinder  is  cut  off  fi-om  its  nutritive  centre,  i.e.,  the  cell  body, 
eration  of  the  axis  cylinder  as  well  as  paralysis  and  degenera- 
i  of  the  muscles  which  it  supplies  will  result.     In  the  case  of  the 
ttth  nerve  the  cell  body  of  the  peripheral  neuroii  is  located  in 
\  nucleus  in  the  pon«,  hence  any  lesion  in  this  nucleus  or  in  the 
Be  of  the  nen'e  fibres  anywhere  between  this  nucleus  and  their 
ibution  in  the  muscles  will  cause  the  phenomena  of  flaccid  pa- 
lysis  and  degeneration*     The  only  variation  that  will  occ^ir  aecord- 
to  the  location  of  the  lesion  in  paralysis  of  the  seventh  nerv^e 
depend  upon  what  strands  of  the  nerves  are  involved  or  what 
aous  structures  are  imi^licated.      In  all  cases  the  type  of  a 
cid  paralysis  with  degeneration  involving  practically  all  the  mus- 
i  will  remain.     In  ease  of  nuclear  lesion  there  may  of  course  be 
Ifiymptoms  caused  by  destruction  of  other  importiuxt  pontine  struc- 
Itares.     Thus  there  may  be  hemiplegia  due  to  involvement  of  the  mo- 
tor strands  passing  through  the  pons.     There  may  be  involvement  of 
I  the  sixth  nerv^e  if  the  lesion  is  in  the  neighborhood  of  t!ie  knee  uf  the 
8e\«iith  nerve.     In  basilar  lesions  the  sixth  or  the  eighth  nerve  or 
even  the  fifth  may  also  be  involved,  while  in  lesions  at  various  [roiuts 
rithin  the  a<[ueduct  of  Fallopius  the  branches  of  the  seventh  nerve, 
ami  as  tboHo  which  go  to  stnictnres  within  the  tymi)anum  or  the 
chorda  tympani,  may  be  involved. 

The  distinction  between  a  peripheral  palay  of  the  seventh  nerve 
ittst  described  (/.e.,  the  palsy  due  to  any  lesion  of  or  below  the  nucleus 
of  Ihe  nen^e  in  the  pons)  and  a  paralysis  of  the  facial  inuHcles  due 
to  a  pure  central  lesion  (t.€,,  a  lesion  above  the  niiclt^iiH  anywhere 
as  far  upwards  as  the  motor  cortex)  will  be  easily  undertitood  from 
the  description  just  given.  The  first  important  isoint  in  the  peri- 
plieml  lesion  is  that  all  the  facial  muscles,  including  the  orbicu- 
laris palpebrarum  and  the  frontalis,  are  involved,  while  in  central 
lesions  or  lesions  above  the  nucleus  anywhere  as  far  uii  as  tlie  motor 
cortex  only  the  lower  half  of  the  face  is  involved  in  the  paralysis,  the 
ris  palpebrarum  and  the  frontalis  being  especially  conspicu- 
ieir  exemption.  A  second  point  of  distinction  is  that  the 
rmralysis  in  a  peripheral  lesion,  i.f,,  a  lesion  of  or  Ijelow  the 
is  flaccid  and  accompanied,  for  reasons  already  stated,  irith 
^tions  of  degeneration,  while  in  central  lesions  (i.e.,  all  lesions 
the  nucleus)  the  type  of  paralysis  is  not  flaccid.  There  is  no 
Vol.  XI.— 13 
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wastiug  or  degeneration  and  tlie  reactions  of  degeneration  are 
seen. 

It  is  important  to  bear  in  mind,  however,  tliat  in  raauy  ca8€0^ 
peripheral  facial  palsy  the  extreme  type  of  reavtion  of  degenerati 
already  deBcril>ed  is  not  always  seen*     There  may  be  only  a  i« 
reaction  of  degeneration.      In  sach  easee  the  faradic  contract] 
may  be  merely  diminished,  while  tlie  serial  changes  do  not  pr 
a  tyi)ical  formula*     These  facts  are  due  U>  the  nerve  in  some  inst 
being  the  seat  of  only  a  mild  grade  of  inflammation,  or  to  some  fib 
being  more  involved  than  others. 

Although  the  facial  nerve  is  purely  motor,  yet  some  symptoma^ 
pain  at  the  point  of  exit  of  the  nerve  upon  the  cheek  may  be  pr 
in  the  early  stages.     There  may  for  iusttiuce  be  pain  on  pressni 
sense  of  soreness  about  the  face  and  cheek.     In  cases  in  which  ^ 
ness  is  present  this  is  probably  due  to  an  extension  of  the  ir 
tory  process  to  the  tympanum,  and  is  not  due  to  involvement  of  i 
fficial  nerve  per  se.     Swelling  of  the  clieek  is  very  rare,  and  if  pr 
is  probably  due  to  some  infiltration  of  the  tissues  surrounding  \ 
nerve  trunk. 

The  course  of  facial  paralysis  varies  with  the  cause.  In  even  i 
milder  cases,  however,  the  affection  as  a  rule  is  not  evanescent 
all  cases  due  to  neuritis  the  onset  of  the  disease  is  rather  sudds 
In  a  few  hours  or  a  day  at  most  the  disease  is  firmly  establishe 
This  somewhat  sudden  appearance  of  facial  or  BelFs  palsy  is 
cauHe  sometimes  of  much  mental  distpiiet  or  even  alarm  to  the  pa-^ 
tient-  He  is  apt  to  think  that  the  paralysis  is  a  symptom  of  ^nive, 
deep-seated  lesion  in  the  brain.  Even  mild  cases  may  and  usnillv 
do  ]>ersiHt  for  weeks.  A  guarded  proguosis  is  always  advisable  ui 
evt^ry  case,  because  at  the  onset  it  is  imijossible  to  foretell  whether  th« 
course  of  the  disease  will  or  will  not  be  slow  or  even  whether  a  pei^ 
maueut  paralysis  may  result.  Among  the  most  important  indicatioDB 
f<jr  prognosis  are  the  completeness  of  the  paralysis  and  the  early  es- 
tablishment of  the  reactions  of  degeneration.  In  any  case,  for  iJi- 
stnnce,  in  which  all  tlie  muscles  supplied  by  tlie  facial  nerve  after  its 
exit  from  the  st\'loma8tfjid  foramen  are  paralyzed  completely  and  in 
the  course  of  a  few  hours  or  a  day,  and  in  which  the  faradic  contrac- 
tility' is  jiromjitly  alxilished  and  the  reactions  of  degeneration  are*  "'" 
secured,  the  probability  is  that  the  case  will  be  a  protracted  one. 
prognosis  on  the  whole  is  of  course  more  favorable  in  a  simple  ni 
tis  due  to  ex[T0sur6  to  cold  than  in  those  cases  in  ivhich  the  para 
is  due  to  a  deep-seated  destructive  lesion  such  as  carie>s  in  the 
poral  bone.  Still,  cases  of  neuritis,  especially  of  the  kind  just  reltw 
tOj  are  sometimes  exceedingly  obstinate  and  may  even  be  foUowec 
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permanent  paralysis  and  contracture  of  the  affected  muscle.  I  have 
known  a  simple  uncomplicated  case  of  Bell's  palsy  persist  for  three 
€ir  foor  mouths  and  then  be  followed  by  complete  recovery.  In 
jcMing  persons  I  think  the  prognosis  on  the  whole  is  rather  more 
faTorable  than  in  middle  age  and  in  the  senile. 

In  cases  in  which  paralysis  of  the  facial  nerve  is  due  to  carious 
|yrooesse«  in  the  temix>ral  bone  (such,  for  instance,  as  are  caused  by 
disease  of  the  middle  ear),  tlie  prognosis  should  be  even  more  guarded 
than  in  cases  of  simple  neuritis.     Such  cases  as  a  rule  are  obstinate 
and  rather  more  apt  in  my  observation  to  lead  to  permanent  loss  of 
liower  and  deformity  of  the  face.     This  can  be  readily  understood 
when  it  is  reflected  that  the  damage  to  the  nerve   in  such  cases 
amounts  truly  to  a  trauma  as  well  as  to  an  inflammation.     The  nerve 
tronk  in  such  cases  is   injured  and  compressed   by  the  crumbling 
walls  of  its  canal  and  is  held  firmly  in  a  narrow  space.     It  is  conse- 
quently inflamed  and  com{)ressed  to  a  more  injurious  extent  than  oc- 
cms  on  the  exterior  of  the  skull.     Moreover,  the  disease  process  is  a 
much  more  actively  virulent  and  infectious  one  than  is  that  caused  by 
expoanre  to  cold.     Consequently  it  is  not  uncommon  for  the  nerve  to 
be  irreparably  damaged  in  these  cases,  and  even  when  this  is  not  so 
ihe  injury  may  be  so  great  as  to  lead  to  a  long  and  tedious  course 
before  recovery  is  attained. 

In  cases  in  which  paralysis  of  the  seventh  nerve  is  due  to  syphi- 
litic meningitis  at  the  base  of  the  brain  the  prognosis,  in  sj^ite  of  the 
hope  held  out  by  si)ecific  treatment,  should  be  guarded.  In  such 
cases  it  is  not  uncommon  for  the  eighth  nerve  to  be  involved  with  the 
seTenth,  w4th  consequent  complete  deafness  and  other  symi)tom8  such 
a«»  severe  headache  and  jwssibly  even  epileptic  seizures.  In  one  such 
casp  seen  by  me  in  the  Philadelphia  Hospital  the  woman  had  com- 
plete i>aralysis  of  the  seventh  and  eighth  nerves  with  occasional 
vertigo,  vomiting,  and  epileptiform  attacks,  and  i)er8istent  headache. 
^3le  had  a  distinct  history  of  syphilis,  but  the  case  was  exceedingly 
rebellious  to  specific  medication  and  remained  unchanged  for  many 
months. 

In  all  cases  in  which  paralysis  of  the  seventh  nerve  is  caused  by 
organic  disease  about  the  base  of  the  brain  or  in  the  pons,  the  progno- 
m  is  unfavorable.  In  such  cases  the  seventh  nerve  shares  the  fata  of 
the  other  portions  of  the  nervous  system  that  are  involved.  In  cases 
U  tumors  no  amelioration  as  a  rule  can  be  expected.  Even  when 
P  some  {larticular  symptom  remits  or  intermits  nothing  practically  is 
puned  because  the  course  is  really  progressive. 

In  cases  of  fracture  of  the  skull  or  other  injury  involving  the  nerve 
tnmk,  in  its  course  either  within  or  without  the  skull,  the  prognosis 
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will  naturally  dei>eD(l  rinioh  iiiMin  the  severity  and  ©xtont  of  tlio  injury. 
JJo  nilo  call  be  laid  down  that  will  cover  all  «ucli  crises.  As  in  the 
case  of  iieuritirt,  however,  the  general  rule  will  hold  gocxl  \imi  tbe 
sooner  and  mure  completely  the  paralysis  of  all  the  facial  nmsdatt  is 
established,  and  the  more  promptly  typical  reactioua  of  degetiarslioii 
oecur,  the  more  iinfavoralile  is  the  prognosis.  These  reacAioiis  of  d^ 
generation,  as  already  exi>lained»  indicate  the  degeneration  of  the  axia 
cylinder,  which  is  caused  only  by  its  complete  severance  from  it»  ton* 
tritive  centre,  the  cell  body  of  the  neuron.  From  what  has  lie*^w  atiid, 
it  follows  that  the  duratir»ii  of  facial  inilny  varies  according  to  its  rumw. 
In  mild  cases  of  Bell's  palny  dm^  to  neuritis  retM:>very  limy  oomr  ill  ft 
month  or  six  weeks,  although  such  crises  in  my  obAeiration  are  wmry 
rare.  In  the  more  severe  crises  in  which  the  reactions  of  degenetft* 
iion  are  com^tlete  the  duration  of  the  case  may  be  so  long  as  fomr  cir 
six  months.  The  same  may  be  said  of  injuries  to  the  facial  nemil 
in  which  degeneration  is  once  complete. 

In  tliose  who  do  not  recover,  the  paralysis  which  is  left  may  iMOf 
prove  to  some  slight  extent.  This  improvement  in  some  cmmm  ii  * 
only  apparent,  and  is  due  to  the  fact  that  slight  secondary  fxmtrftcv 
tion  occurs  in  the  jiaraly^tHl  muscles  and  temls  to  reatcire  the  ajrni- 
metry  of  the  fat^.  In  long-standing  cases,  in  fact,  this  secondary 
contraction  may  even  draw  the  fiioe  slightly  over  towanls  the  par- 
alyzed side.  In  many  of  these  hoi>ele**s  cases  the  orbicularis  pid|»^ 
braruin  seems  to  regain  a  little  power  so  that  the  iiatient  can  partially 
close  and  ijroteet  the  eye.  Some  of  this  protection  is  apftarej^tly 
gained  by  the  [>atient  permitting  the  upi>er  eyelid  slightly  tr»  droop 
and  thus  to  shade  the  eye.  Some  of  it  is  also  no  donbt  due  to  the 
slight  secondar)'  contracticm  of  the  paralvzed  muscle. 

Even   in   those  who  satisfactorily  recover  so  that  praetically 
functions  of  tlie  affi3cted  muscle  are  restoretl  there  may  still  remain  for 
a  long  wliih>  a  slight  parcHis  distinguishable  by  an  exjiert  obeerver. 

The  pathoI«>gy  of  ordinary  BelFs  i>alsy  is  now  well  nnderslood, 
although  it  has  been  in  the  i»ast  a  topic  of  some  controvemy.  In 
acute  neuritis  the  process  is  prolwd>Iy  always  confined  to  the  maift 
ner^'B  trunks  composing  the  pts  aiineruuwj  and  from  them  extenda 
upwards  to  or  into  the  Fallopian  camd.  Wliether  or  no  this  inflam* 
mation  is  ever  a  true  i>eripheral  neuritis — i.e.,  an  inflnmmation  start- 
ing in  the  |>erii>heral  nen^e  endings  within  the  mujscles  and  thenioe 
spreading  upwards  with  diminishing  intensity  towards  the  nerve  centra 
—is  perhaps  an  ojien  tpiestion,  Thei^e  seems  to  be  no  adeciuaie  rea- 
son h»r  tlenying  that  such  a  distinct  peripheral  neuritis  might  oocnr 
in  the  seventh  nerve  just  as  it  occurs  in  the  nerves  of  the  extremitiea. 
We  know  for  instance  that  this  is  a  common  type  of  inflammation  in 
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nerves  of  tJie  arms  and  legs  in  ea^es  of  alcoholic  neuritis.  But 
loUc  neuritis  is  very  rare  in  the  seventh  nerve.  In  most  cases  of 
pie  neuritis  in  topers  the  seventh  nerve  in  not  involved,  while^  on 
hand,  in  the  vast  majorit}'  of  eases  of  pure  and  simple  Bellas 
question  of  alcohol  does  not  arise  as  an  etioIogit?al  factor, 
the  case^  of  Beirs  palsy  are  hardly  analogous  to  the  caaes  of 
'lie  multiple  neuritis.  In  the  former  the  action  of  alcohol  is  not 
icuouB,  and  in  the  latter  j>aralysiB  of  the  seventh  ner\'e  is  not 
only  seen.  Therefore  there  in  no  reason  to  suppose  that  in  the 
majority  of  cases  of  Bell's  palsy  the  inflamraation  is  tinily  x>er- 
piheral  in  seat*  It  m  more  probably,  as  alrpHdy  said,  an  inflamma- 
iD  of  the  main  tnink  of  the  nerve  with  its  main  branches.  This  in- 
Mnmation  is  a  diffused  interstitial  inflammation,  such  as  has  already 
n  described  in  a  previous  sectioLi  («ee  pvage  51) , 
The  inflammatory  process  probably  extends  in  most  cases  some 
flistaiH-e  into  the  Fallopian  canal,  hnt  there  is  no  reason  for  the  dog- 
tic  assertion  that  it  always  extends  as  far  as  the  geniculate  gan- 
|Kon.  On  the  contrary,  in  many  crises  it  |jrobablj'  does  not  extend 
€ven  .*Ls  high  as  the  point  where  the  chorda  tympaui  leaves  the  main 
body  of  the  nerve.  This  is  proved  by  the  fact  that  in  many  cases  of 
Bell's  p>alsy  there  is  no  paralysis  of  the  sense  of  taste. 

In  cAses  due  to  caries  of  the  petrous  portion  of  the  temporal  bone 
the  inflammation  of  the  nerve  is  probably  of  a  higher  grade  of  inten- 
sity and  more  destructive  than  in  the  cases  due  to  cold. 

In  casee  accompanying  syphilitic  meningitis  the  nene  trunk  is 
probably  the  seat  of  true  syphilitic  or  gummat(3iis  infiltratioij.  In 
destructive  lemons  such  as  tumor  th©  process  in  the  nerve  is  probably 
on©  of  compression  and  consequent  destruction  of  the  axis  cylinders. 
Tlie  ireatment  of  Bell's  palsy  should  be  prompt  and  thorough. 
It  should  be  l>egun  with  a  blister  as  large  as  a  silver  dollar  applied 
OTer  the  point  of  exit  of  the  nerve.  In  the  case  of  a  man  the  beard 
of  course  filHinld  lie  shaved  over  a  sufficient  area  to  admit  of  this 
blister,  but  when  the  beard  is  habitually  worn  it  is  doubtful  whether 
the  cheek  should  be  entirely  and  cleanly  shaven ;  the  protection 
^liit'h  the  l>eard  affords  in  such  casea  m  j>robably  beneficial  and  the 
p&tient  need  not  be  exposed  to  any  slight  risk  that  m-ises  Irojn  shav- 
After  the  blister  has  drawn,  warm  fomeutatious  should  be 
nd  it  is  well  in  lieardless  individuals  especially  that  the  face 
protected  for  a  jieriod  of  several  weeks  b}-  some  covering 
'oid  any  further  injurious  effects  of  exposure  to  cold,  I 
these  cases  are  sufficiently  important  to  demand  com- 
secbision  in  the  house  for  a  week  or  more,  and  such  a 
tment  will  probably  tend  to  shorten  the  duration  of 
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the  disease.     Internal  medication  is  probably  of  little  avail  in  1 
caaes.     Two  drugs  especially   (salicylate  of  sodiiim  and  icxlid 
potaRsium)  are  almost  universally  recommended,  but  I  have  not  1 
able  to  assure  myself  that  they  are  of  much  lienefit.     If  uned,  I 
salicylate  of  sodium  should  be  given  in  full  doses,  aa  much  as  1 
fifteen  grains  being  given  three  or  four  times  a  dskj.     The  iodid 
potassium,  in  doses  of  five  or  ten  grains  three  timas  a  day,  eqat^ 
given  during  the  continuance  of  the  paralysis  or  until  the  symp 
of  iotlism  appear. 

The  Ijest  remedy  for  inflammation  of  the  seventh  nerve  is 
doubtedly  electricity.     This,  however,  should  be  applied  with 
tiou  at  fii'wt.     In  fact  during  the  very  early  stages  of  the  caae,  i.e.,  i 
ing  the  firnt  week  *)r  two,  electricity  had  probably  better  not  be  i 
The  choice  of  the  current  depends  very  much  upon  the  severity  oil 
symptoms.     In  crises  in  which  the  faradic  contractility  is  early  al) 
imbed  it  in  quite  useless  to  aj*])ly  the  faradic   current.     In  mild 
however,  in  which  the  muscles  still  respond  to  it,  the  fanidie  cur 
may  be  used  in  a  mild  strength.     In  severe  case^,  in  which  the  ] 
tions  of  degenpration  are  fully  established,  treatment  should  be  < 
menced  at  once  Avith  the  galvanic  current.     This  should  be  used  1 
applying  one  small  sponge  electrode  over  the  affected  muscle  wl 
large  flat  nprmge  electrode  is  held  on  the  back  of  the  neck  or  oa  1 
sternum.     The  muscles  should  lie  gently  stroked,  sufficient  st 
being  gradually  turned  on  to  cause  an  active  but  not  too  violent 
traction.      This  treatment  may  be  applied  for  about  ten   miDH 
daily.     If  too  strong  currents  are  used  it  is  possible  that  injury  : 
be  done,  and  in  long-^standiug  cases  that  even  secondary  or  I'jerD 
contraction  of  the  muscles  might  be  hastened. 

In  obstinate  cases  gentle  miissage  of  the  affected  muscle  may 
used.  Daua  rocomniends,  in  cartes  in  which  the  comer  of  the  inoo 
tends  to  droop  and  the  unopposed  muscles  of  the  sound  side  are  ut* 
duly  vigorous,  that  tlie  corner  of  the  mouth  should  l>e  drawn  up  K^ 
means  of  a  Iwnt  hook  whicli  is  fastened  behind  the  ear.  The  object 
of  this  is  to  take  f>ff  the  sti'ain  and  restore  tone  to  the  paralyzed 
nuLscles, 

In  cases  in  which  irritation  or  inflammation  of  the  conjunctiva  re- 
sults, care  should  bn  tiiken  to  cleanse  this  with  antiseptic  sol        ■ 
and  t<i  protect  the  e^e  witli  a  shade.  ^ 

In  cases   in    whicli    re<^overy    is  slow   hypodermic  injectio 
strychnine  may  lie  used  in  tlie  affected  muscles,  but  very  great 
should  be  obsen*4*d  that  the  syringe  is  thoroughly  aseptic  so  tha 
septic  abscesses  or  points  of  induration  are  caused. 
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Diseases  of  the  Mghth  Nerve. 

The  eighth  or  acountic  uerve  is  the  nerve  of  hearing.     As  it  is 
Ecluaively  a  sensitive  iien^e  we  should  exi>ect  to  find  that  it  hii«  ita 
origin  ontaid©  of  the  cerebrospinal  axis,  according  to  the  plan 
the   nervous    system   already    desLrribed.      The  eighth  nerve    ia 
Tided  into  tw'o  main  branches  or  rather  is  comi>osed  from  ti^^o  main 
18,  viz.,  the  vestibnlar  and  the  cochlear  nerves.     These  two  unite 
I  the  lK>ttom  of  the  auditory  meatus  to  form  the  main  trnuk  of  the 
iditory  nei've,  which  then  passes  up  and  into  the  centi'al  nervous 
tm.     I  speak  of  the  auditc:>ry  nerve  as  passing  into  the  nervous 
vstpin  instead  of  oitt  of  it,  since  it  has  it8  ti^ue  origin  outside  of 
e  tN^ivbrospinal  axis. 
According  to  Van  Gehuchten  there  is  found  upon  each  of  the  two 


Spiral  gantgHon 

Tm.  &.— DLa^ram  SliowtEt^  the  OHirio  and  Terminatioo  of  the  Fibres  of  the  Actiustic  Nerve. 

(Van  Gehiicht4:?D. ) 

main  stems  or  branches  of  the  auditory  nerve  a  mass  of  nerve  cells 

wiiich  constitutes  a  ganglion.     The  cochlear  branch  preseutH  at  the 

"llwie  of  tlie  spiral  lamina  a  ganglion  called  the  sjiiral  ganglion  or  the 

ganglion  of  Corti.      The  ganglion  of  the  vestibuhir  bnineh  of  tire 

acoEstic   uen'6  is  situated  at  the  bottom  of  the    internal  auilitory 

flie&tus.     It  is   known   as   the  vestibular   ganglion   or  ganglion  of 

fleif|ML       The  researches  of  Eetzius,   Van   Gelnielitoii,  Cajal,  and 

littbogsek  have  demonstrated  that  these  ganglia  are  couj posed  of  bi- 

eells  and  that  the  peripheral  prolongati* ms  of  these  cells  (den- 

h)  terminate  by  free  ramifications;  that  the  ramificaticmH  of  the 

■>f  tlie  spiral  ganglion  are  distri bated  to  the  eiiithelimn  of  the 

t>f  Corti,  and  (d  the  ganglion  of  Scarpa  in  the  epithelial  cells 

HP' maculae  acnsti cm  in  the  labyrinth.     TJie  jirnlongatiniiH  lirain- 

id  nf  these  }>ipolar  cells  are  the  true  axis  cyliodei-H  and   form   the 

auk  proj»er  of  the  acoustic  nerve.     WHien  the  nerve  reaches  the 
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metenc^plmlon  it  divides  into  two  branoheB,  called  anatomicaD  v  i 
The  external  or  cochleiir  root  passes  to  the  lateral  tubercle  and 
fibres  enter  the  accessory  nucleus,  terminating  in  the  gray  sulistaii 
The  internal  or  vestibular  root  enters  between  the  inferior  cereh 
lar  pieduncle  and  the  descending  root  of  the  fifth  nerve.     Its  fib 
enter  the   nucleus  of  Deiters,  some  ultimately  reaching  the 
belluin. 

The  diseases  of  the  eighth  ner\'e  may  be  dii^ded  into  those  i 
are  canse<l  by  the  abolition  of  function  and  those  that  depend  up 
irritation. 

The  abolition  of  the  function  of  the  eighth  nerve  may  depend  up 
a  variety  of  causes.  Some  of  these  causes  act  upon  the  nerve  pr 
and  mmm  upon  its  accessory  or  peripheral  organ.  Among  the  mo 
roiniiicm  causes  of  complete  nerve  deafness  is  meningitis  at  the 
of  the  brain,  causing  inflammation  and  compression  of  the  aer 
trunk.  Hyphilis  may  cause  such  a  meningitis.  In  such  a  case  otl 
uervris,  esfiecially  the  seventh,  may  be  involved  and  the  patient 
]>reHniit  f>ther  symptoms  of  brain  syphilis.  In  one  patient  (al 
n^ftMTed  io  in  this  article)  complete  paralysis  of  both  the  seventh  i 
(vi^fith  Htn'ves  coexisted  with  intense  headache,  vomiting,  and  a  ; 
<^f)ih*ptic  attacks.  The  patient  hatl  a  history  of  syphilis  and  tha  ^ 
h^siiin  was  pmbably  a  Ryphilitic  meningitis  about  the  roots  of  the 
sevtMitii  and  oiglitli  nerven.  Tumors  at  the  base  of  the  braia  and  in 
the  rorebtxlhnn,  pons,  and  medulla  oblongata  may  cause  complete 
aljolitiou  cif  the  function  of  the  auditory  nerve.  Accoi^ng  to  Millfl 
nud  IJnvtl  ""  diniinutiiUi  or  U>ss  of  hearing,  as  well  as  tinnitiu 
ami  \i}  \nn'ivHihvnhi  af  hearing,  is  occasionally  observeil.  Th^c 
HviimtumH  an*  most  likely  to  be  manifested  by  tumors  of  the  based! 
tho  Itraiu  or  of  tlie  t'en^H^him,  in  such  a  pt^sition  as  to  involve  thl 
audi  tor  V  iumto  or  auditory  tnu'ts.  According  to  these  authors  tin* 
nihiH.  with  foiuplote  or  partiiil  deafness,  accompanied  with  faciiil 
(inralvHis,  with  ur  without  pares^is  of  the  limbs  of  the  opposite  side, 
iudicatt^M  i^lt^arl  \  a  tuntor  of  the  base  of  the  brain  so  situated  as  to  in- 
volvi*  tlu^  vSuiH^rtWiid  origiu  or  intmcranial  course  of  these  nerves. 
This  stateniout,  however^  mvds  to  W  mtxlified  to  the  extent  at  least 
that  such  sMiiptoms  may  l*e  proiluc^l,  as  already  said,  by  basilar 

roi>^bnv4piual  moniugitis  may  cause  dea&iees  by  pressure  oi 
volvouieut  i^f  the  auditorv   uerve.     In  thiise  who  recover  from 
diseiisi^  tin*  ihvifutvHs  is  sonu>times  jx^rmanent.     According  to  Sti 
\^rtig\\  Hs  oriKiuHll\  dt>ekTiUHl  by  Miner  in  1823,  may  occur  } 
the  wrv  t\nuuitnuvnu*!^t  of  tlu*  attack.     In  some  epidemics,  as  th 
StTHsburji*  this  \i>rtigv»  is  sv^  ^rt^at  ahs  to  interfere  with  walking 
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to  produce  forced  or  whirling  moYemeDts.     In  all  such  instances  the 
mnditory  sjmptoms  are  no  doubt  caused  by  inflammation  or  pres- 
sure upon  the  delicate  structure  of  the  auditory  nerve.     According  to 
Strompell  purulent  inflammation  of  the  auditory  nerve  in  cerebro- 
spinal   memngitiB  may  be  propagated  as  far  as  the  labyrinth  or 
eTen  into  the  middle  ear.     Auditory  symptoms,  especially  deafness, 
often  occur  during  this  fever,  and  according  to  Burnett  •*  the  deafness 
is  very  frcHiuently  permanent.     In  cases  of  very  young  children  this 
may  not  be  discovered  until  convalescence.     This  deafness  is  often 
piT>foaDd  and  in  both  ears.     A  peculiar  affection  of  the  gait,  the  so- 
called  sailors'  gait,  may  result.     Burnett  thinks  that  the  lesion  is  a 
aearitis  deecendens,  i.e.,  a  slow  encroachment^  of  the  inflammation 
upon   the  labyrinth  along  the  auditory  nerve.      Moos,  quoted  by 
Bomett,  found  that  in  sixty-four  cases  of  deafness  following  cerebro- 
spinal meningitis  fifty  per  cent,  had  disturbance  of  equilibration  and 
hearing;   fifty-nine    per  cent,  were   totally  deaf  in   both   ears  and 
heooe  became  deaf-mutes;  thirty -one    and  a  half   per   cent,  were 
totally  deaf,  but  retained  speech,  while  only  one  and  a  half  per  cent. 
recoTered.     Moos  found  that  those  patients  who  retained  the  sense  of 
bearing  for  high  notes,  even  when  there  was  absolute  deafness  for  low 
noiea,  had  a  better  prognosis  for  retaining  hearing  for  spoken  words. 
It  is  thus  seen  that  involvement  of  the  auditory  nerve  in  cerebro- 
spinal meningitis  is  a  most  grave  affection  and  that  permanent  deaf- 
ness is   a  not  infrequent  result.     The  prognosis   is  especially  un- 
fsTorable  if  absolute  deafness  persists  for  more  than  three  months. 

The  poison  of  mumps  sometimes  causes  deafness.  Burnett  thinks 
that  this  occurs  b\'  true  metastasis,  that  the  labyrinth  and  the  nerve 
Rtmetares  of  the  inner  ear  are  involved  in  inflammation.  The  early 
symptoms  are  tinnitus,  vertigo,  and  deafness,  but  the  tinnitus  and 
vertigo  may  disappear,  leaving  only  the  deafness.  Disturbances  of 
equilibration  may  or  may  not  occur,  and  the  8ymi)toms  may  not 
develop  until  after  the  other  metastatic  processes  have  subsided. 
Vomiting  and  nausea,  as  well  as  alteration  in  gait,  suggest  the  laby- 
rinthine seat  of  this  affection.  Pain  also  may  be  a  symptom.  In- 
stead of  inflammation  the  lesion  may  be  a  serous  exudation  into  the 
labyrinth.     Deafness  fortunately  is  a  rare  sequel  of  mumps. 

Other  causes  of  deafness,  acting  upon  the  internal  ear,  are  ihe 
excessive  use  of  quinine  and  salicylic  acid,  injuries,  hemorrhage, 
syphilitic  disease,  and,  in  rare  instances,  neoplasms.  Permanent 
deafness  is  not  infrequently  caused  in  persons  who  are  constantly 
exposed  to  loud  noises,  as,  for  instance,  boiler-makers  and  locomotive 
engineers.  This  influence,  however,  is  probably  somewhat  exag- 
gerated.    In  an  inquiry  which  I  formerly  made  in  the  Southwark 
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Machine  Works  in  Philadelpliia  it  appeared  that  deafness  waa 
verv  common  Bymptom  in  the  boiier-iaakei*s  iu  that  e^stabUs] 
Finally  a  primary  atrophy  of  the  auditory  nerve,  just  as  of  the 
nerve,  occurs  very  rarely  in  locomotor  ataxia*  I  have  seen  it  in 
instance  only.  In  this  patient,  a  man  aged  alwut  lifty,  witli 
marked  locomotor  ataxia,  extreme  deafness  was  present  and  waa 
dent! J  due  to  an  involvement  of  the  nerve. 

The  chief  symptom  of  comiilete  abolition  of  the  function  of 
eighth  nerve  is  deafness,  but  this  may  be  accompanied  at  some 
with  tinnitus  and  vertigo.     These  symptoms  of  irritiition  may  ap] 
early  in  the  coiirne  of  the  affection  and  may  lessen  or  even  disap] 
as  the  function  of  the  nerve  is  entirely  abolished.     In  gome 
however,  tinnitus   may  be  a  persistent  symptom,   but  it  prol 
always  indicates  that  the  function  of  the  nerve  is  not  entirely 
ished.     In  some  tliseases  deafneBS  comes  on  rather  suddenly, 
is  characteristic  of  syphilitic  disease  of  tlie  internal  ear  (Dani^ 
In  cases  in  which  the  nerve  is  involved  iu  a  bjiailar  meningitis 
nerves  also,  as  already  explained,  may  be  implicated.     Thus  the 
enth  neiye  may  l>e  involved  and  numerous  other  symptoms, 
as  headache  and  even  hemiplegia  due  to  the  wide  spread  of  the 
tioua  process,  may  be  observed.     In  cases  in  which  the  function 
the  nerve  is  entirely  Hl>olislied  bone  conduction  is  lost;  thus  a i 
ing  fork  held  upun  the  hones  of  the  skull  is  not  heard  through 
affected  nen^e.      In  such  cases    aerial  conduction  is  also  lofiial'' 
though  some  authors  state  tliat  it  may  be  partially  preserved,    h 
ciuso  it  is  preserved,  however,  the  function  of  the  nerve  certainly  can- 
not be  entirely  abolished. 

Diseases  tif  the  auditory  nerve  or  of  its  end  organ,  the  ear,  tbil 
cause  synii>toins  nf  irritation  are  well  recognized.  As  a  rule  ili»ea«6l 
of  the  auditory  nuclei  within  the  pons  do  not  cause  tinnitus,  but  it 
irritative  lesions  of  the  nerve  h^unk  or  of  the  interiial  ear  may  c&n« 
botii  tinnitus  and  vertigo.  Thus  meningitis,  such  as  has  already  beei 
descriljed  as  a  cause  of  deafness,  may  c^iuse  also  symptoms  of  irriiir 
tion.  Blrjws  and  utlier  injuries  to  the  head,  tumors  about  the  ba* 
of  the  brain,  sunstroke,  chronic  alcnholism,  and  excessive  use  d 
tobacco  may  cause  these  symptoms.  The  arterial  degeneration  of  ad- 
vanced life  sonn^tinies  cannes  giddiness  and  ringing  in  the 
the  exact  mechaniHrn  of  the  symptoms  under  these  circun 
not  plain.  The  most  common  cause  of  combined  deafnes 
and  vertigo  is  organic  disease  of  the  internal  ear,  esi 
labyriutli.  Such  diseases  are  inflammation  and  degft 
ing  especially  from  the  middle  ear,  and  in  som* 
minute  hemorrhages.     In  all  such  instances  of 
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ear  the  Btmcture  of  the  auditory  nerve  is  probablj  ultimately 
Defeneration  and  consequent  abolition  or  perversion  of 
on  result. 
The  s^^iniitoms  of  irritative  lesions  of  the  inner  ear  and  of  the 
tory  nerve  are  tinnitxis,  vertigo,  and  various  degrees  of  deafness. 
The  (innitiig  of  ear  disease  assumes  a  great  variety  of  forniB.  In 
majority  of  cases  it  is  a  sighing  or  whistling  sound  or  the  sound 
escaping  ste^m*  These  sounds  vary  in  pitch  and  intensity  accord* 
to  circumstances.  The^^  even  vary  in  individual  eases,  sometimes 
ig  much  louder  and  more  diBtnrbing  than  at  others.  These  vari- 
pnibahly  depend  upon  variations  in  general  health  or  in  the 
iity  ol  the  dinease  proeeas  or  even  in  some  casea  upon  atniog- 
c  Ciinditions.  Sfimetiines  the  tinnitus  is  of  a  louder,  rumbling 
.racter,  Tliere  ruay  be  ])aroxysmft  of  gi-eat  intensity,  during 
tch  loud  throbbing  or  roaring  Bounds  are  heard.  These  Bome- 
nsher  in  attacks  of  vertigo  or  a  period  of  increased  deafness, 
some  cases  the  tinnitu»  is  of  a  throbbing  or  betiting  character,  and 
y  even  be  synchronous  with  the  heart  beats;  but  this  is  not  always 
indicatiou  that  the  tinnitus  is  dependent,  as  some  claim,  upon  a 
ion  of  the  vascular  system,  such  as  aneurysm.  It  is  more  probably 
doe  to  implication  of  the  small  blood-vessels  or  capillaries  in  the 
iisease  process  within  the  internal  ear.  Alterations  in  the  blood 
Itates,  such  as  anaemia  or  plethora,  may  lie  factors  in  causiug  this 
irmptom.  Tinnitus  as  a  rule  is  a  simple,  not  an  elaborate  sound; 
in  other  words,  it  does  ncit  assume  distinct  forms  such  as  tunes  or 
word^.  In  cases  in  which  these  occur  there  is  reason  to  suppose 
thai  the  affection  de]>endrt  upon  some  brain  lesion,  especially  in  the 
ttniex.  Eseepti(ms  to  this  rule  seem  tf>  occur  in  cases  in  which  pa- 
tients mistxike  the  tionitus  for  more  elaborate  sounds.  Thus  in  faU- 
iBg  asleep  patieuts  with  tinnitus  cxscasioually  imagine  they  hear  dis- 
tant music  or  the  voices  of  persons  talking.  In  the  insane  it  is  even 
possible  tljut  tinnitus  may  be  the  starting-point  of  auditory  liallu- 
rinations.  Persons  who  are  perfectly  saue,  however,  and  even  in 
their  wakiug  moments,  may  occasionally  mistake  tinnitus  for  the 
Bonnd  of  voices  or  other  external  objects. 

The  location  of  the  morbid  sound  varies  somewhat.     In  the  great 

~  '    *'       '  cases  it  is  in  the  ear.     In  some,  however,  it  is  located  in 

the  head ;  thus  it  may  be  deep  seated  as  though  it  were 

ecesses  of  the  brain.     In  some  it  is  even  in  the  occi- 

ex.     It  may  be  in  one  or  both  ears,  according  as 

both  involved,  or  it  may  be  much  louder  in  one 

ins  may  vary  according  to  external  cir- 
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cumatances.  Thus  in  noisy  plaeea  it  may  be  quite  impercepttl 
It  iB  usually  woi"se  in  the  Htillness  of  the  night,  and  tlien  may 
so  accentuated  as  BeriouBly  to  interfere  with  the  patient's  rep 
The  explanation  for  these  tacts  ia  probably  to  be  found  not  in 
variation  in  intensity  of  the  tinnitus  itself^  but  only  in  the  variatioa  i 
external  noises.  When  these  latter  are  great  the  sound  of  the  tinmti 
is  drowned  or  obscured  j  but  when  they  are  absent  entirely  the  titmiti 
ia  perceived  with  increjised  intensity,  simply  Ijecaus©  the  attention  i 
not  distracted  from  it. 

Tinnitus  in  always  a  disturbing  and  in  some  cases  a  very  serioM  - 
symptom.     It  may  even  be  so  great  as  entirely  to  dominate  the  pir 
tient's  mental  life.     It  diatracta  the  attention,  harasses  the  patience, 
and  ilentroya  the  capacity  of  the  suflferer  for  the  enjoyment  of  life. 
It  ia  thua  aj^t  to  cause  profound  neurasthenic,  hypochondriacal^  or 
even  melancholy  atatea.     The  patient  falls  into  a  condition  of  sell-  \ 
alMorptiou,  irritability,  or  mental  depression,  and  the  general  health  [ 
may  even  suffer  seriously. 

Ferdtjo  is  another  aympt€)m  of  diaeaae  of  the  auditt»ry  nerve  of 
]»erliafi-s,  more  properly  apeaking,  of  the  internal  ear,  eai>ecially  tie 
hibyrinth.     It  is  uHually  a  paroxysmal  or  intermitting  symptom  and 
is  always  as  a  rule  aaaociatetl  with  tinnitus  or  deafness  or  both.    It 
IS  considerfHl  by  auriata  as  primarily  due  to  an  involvement  of  tb 
labyrinth,  hence  ita  name,  labyrinthine  vertigo.     It  is  caused  espe* 
cially  by  diseases  that  directly  affect  the  labyrinth,  such  as  cong»- ' 
Vum,  inflaniTuatitni,  and  hemorrhage,  or  by  those  that  indirectly  affect ' 
it,  am-h  na  otiiia  media,  thickening  of  the  ear  drum  with  ankylosiBflf  ^ 
the  oasich\H,  oliatniction  of  the  Eustachian  tube;  or  by  pressure ( 
tlie  **Hr  tlrum  by  wax  or  any  foreign  body  in  the  external  ear.    Verti|P  \ 
varit^4  greatly  iii  fret|Ut*ncy  and  intensity  as  a  symptom  of  eardiseaBd, J 
It  is  by  no  melius  necessarily  commenanrate  with   the  intensity 
iMtlit*r  tlie  tinnitus  or  the  deafness.    In  some  caaea  of  persistent  tinni^ 
tus  ,Mud  of  progressive  deafness  from  disease  of  the  middle  earver 
tH-rui-s  i*uly  at  very  long  inteiTals,    in  fact  a  jmtient  may  have  mi 
more  than  four  or  five  attacks  in  as  many  years.     These  laohiti 
attacks,  lunvt^ver.  may  K*  of  great  severity,  although  of  short  duratio 
tn  otiier  Ciiaes,  vertigti  ia  much  more  common.    It  may  occ^ur  at  ini 
vals  o[  a  ft^v  days,  and  tlie  patient  may  lie  conscious  of  a  siigh' 
dency  to  it  tUiriug  tlie  ihmiihIs  of  comparative  freedom.     In  soi 
the^o  caatKs  too  the  individual  attack  may  be  of  long  duration,  fo 
the  jiiititud  tt*  ktM^p  in  n  supine  ]Hi!fiition.    In  cases  in  which  the  ve 
is  piin»\ysmal.  eat'li  attack  may  l>e  ushered  in  by  prodromal  s\ 
tonia.     Tluvae  ar»^  usuallx  alteratioua  in  the  character  and  intena 
the  tinnitus.     Thun  a  i^atieut  witli  a  mild  grade  of  tinnitus  of  a 
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or  whistHng  character  may  suddenly  have  loud  rumbling  noises 
i  the  ear*  These  are  vi^iite  alarming,  especially  an  the  patient  soon 
aes  to  know  their  import.  They  last  for  but  a  few  moments  as  a 
le,  and  as  they  8ulj«ide  the  vertigo  comes  on.  These  paroxysms  of 
ertigo  sometimes  come  without  apparent  exciting  cause.  At  other 
ue8,  however,  a  dintinct  cauEe  for  them  may  exist.  Suiltlen  chani^es 
I  attitude,  for  example,  e8[jecially  suddenly  raising  or  lowering  the 
,  may  cause  an  onset  of  severe  vertigo  with  the  proilroraal  symp- 
just  described.  Thus  a  gentleman  with  slight  tinnituH  and 
sive  deafness,  worse  in  one  ear  than  the  other,  exi^erienced  a 
f paroxysm  of  mcxnt  intense  and  ahirming  vertigo  on  nudtlenly  raining 
I  luB  head  after  stoojiing  t-rj  pick  up  an  object  on  the  door ;  this  wtis 
[ushered  in  by  loud  rumbling  sounds,  w^hich  abated  before  the 
I  vertiginous  symptom  appeared.  The  paroxysm,  w^hich  was  confined 
I  the  better  ear,  seemed  to  usher  in  a  somewhat  rapid  increase  of 
in  that  ear. 

The  vertiginous  seuBation  is  variously  descril^ed.     It  is  cijmraonly 
Bftid  t*>  consist  of  a  feeling  as  of  surroundiug  objects  whirling  around, 
or  of  the  patient*8  body  being  whirled  around,  or  of  both.     This  is 
the  usual  mmle  of  description,  although  the  truth  is  aural  vertigo  is 
literally  neither  one  nor  the  other  of  these*     It  is  in  fact  a  sensation 
mi  genervi  and  is  not  precisely  like  an  ordinary  attack  of  giddiness 
ftich  as  may  be  artificially   induced  by  w^hirling  the  body  around 
many  times.     It  is  a  distressing  affection  of  the  organ  or  sense  of 
e«imlil>ration  quite  impossible  Uy  tx?  descril3ed  by  tme  wht)  has  not 
felt  it.    During  its  continuance  the  patient  is  usually  tpiite  hel[)le8s ; 
ke  ehitehes  for  support  some  neigh lx>ring  obje<.'t,  or  holds  his  head  in 
hia  Lands.     As  a  rule  he  at  first  keeps  the  hea<l  erect,  although  later, 
if  the  8ymi>tom  i^ersists,  he  may  seek  to  lie  down.     He  experiences 
great  abirm  and  usually  cries  out  and  asks  for  aid.     In  very  severe 
cases  the  patient  reels  and  may  even  fall  violently  to  tlie  ground. 
Tliis,  however,  is  not  iu  the  nature  of  a  fon  ed  movement,  but  due  en- 
tirely to  the  loss  c4  power  of  equilibration.     Muscular  spasms  or  fits 
do  not  occur  in  these  attacks  of  vertigo.     The  movements  made  by 
the  patient  are  either  wildly  voluntary  in  an  endeavor  to  save  t>r  sup* 
l^ort  himself  or  they  are  the  results  of  weakne.^s  and  incoordination 
^~  *    '^e  loss  of  equilibrium.     In  very  severe  cases  the  duration  of 
tysm,  even  though  short,  seen^is  unending  to  the  sufferer.     It 
impression  on  the  mind  for  a  long  while  of  dejection  and  ol 
ion  of  a  recurrence  of  similar  attacks, 
nanying  the  vertigo  there  is  usually  pallor  of  the  face  and 
ng;  the  eyes  have  a  startled  and  staring  expresBion  at  first 
>  slight  oscillatory  movements,  but  later  the  jiatient  closes 
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them  as  though  to  shut  out  the  sight  of  surrouiidiiig  objects. 
comj)aiiying  or  foUowing  the  attack  nausea  and  vomitmg  may  app 
although  this  ib  by  uo  me^aoB  cou&taut.     Iii  p^xixysms  of  great  hev 
ity  there  may  be  no  uauf^ea  whatever. 

The  patient  does  not  lone  congeiousneas  in  aural  vertigo.     He  i 
he  in  part  obliWous  to  his  surrouiKlings  and  even  to  the  ixKiuiriefi  i 
friends,  but  this  is  due  entirely  to  the  disti'ess  which  he  is  suffer 
and  of  which  he  is  perfectly  couaeious.     As  the  attack  passes  off 
I>atient's  color  returns  and  the  tinnitus,  fi-om  which  he  is  usually 
ehronic  sufferer,  resumes  its  customary  note.     A  slight  increase 
deafness  may  be  noted  for  a  few  days,  iierhaps  may  even  be  per 
nent.     This  deafness  may  be  more  marked  to  some  musical  no 
than  to  others.     In  some  cases  the  vertiginous  symptom  does 
promptly  abate;  although  the  jjaroxysm  in  its  great  intensity 
by,  there  may  persist  for  some  days  a  slight  giddy  sensation. 
may  be  so  great  in  Bome  few  instances  that  the  patient  is  obliged  ' 
keej)  his  bed,  any  attempt  to  assume  a  sitting  or  siandiug  positio 
increasing  the  vertigo. 

The  protjnosw  of  aural  vertigo  varies  according  to  circumstance 
Even  in  cases  of  progressive  deafness  and  persistent  tinnitus 
vertigo,  as  already  said,  may  be  a  rare  and  infrequent  sympfcoii 
I  lia^ve  known  of  a  case  in  w^hich  an  interval  of  more  than  four  ye 
has  paHsed  after  a  very  severe  paroxysm  without  the  recurrence  i 
another.     There  seems  to  be  no  rule  that  applies  to  these  cases. 
non-!ecurrenc45  at  tlie  vertigo  is  by  no  means  a  sign  that  tlie  tl: 
tus  and  deafness  will  not  contiune.     In  cases,  however,  in  which 
veiiigo  is  a  freriuent  symptom  the  prognosis  so  far  as  hearing  is  c?ot 
corned  is  poor.     Such  Ciiscs  UBually  progress  to   a   stage  of 
tlealness*     In  cases  in  which  tho  labyrinth  is  only  secondarily  i 
volved,  as  for  instance  in  middle-ear  disease  and  in  cases  of  impact 
cerumen  in  the  external  ear,  removal  or  amelioration  of  the  can 
may  greatly  benefit  this  symptom. 

The  diaynosis  of  aural  vertigo  must  be  made  specially  from  vertag 
caused  by  affections  of  the  eye,  the  brain,  the  sfcomach,  and  in  c^r 
general  states,  as,  for  instance,  gout,  neuriistheuia,  plethora,  and 
sibly  anromia.     The  distinction  is  best  made  by  the  absence  or  pp 
ence  of  associated  R\"mptoms,     Aural  vertigo  is  ine\dtahly  associ 
sooner  or  later  with  tiunituH  and  deafness.     These  do  not  o<?cur 
rule  in  any  other  condition,  except  in  the  vertigo  due  to  or^^ 
diaease   of  the  brain,  esi»eeially  when   this    involves  the  aud 
nerve  or  its  dissociated   tracts  in   the  brain.     The  vertigt>  of  oc 
lects  is  usually  caused  by  insufBcieney  of  the  internal  recti  muscj 
is  commonly  met  with  in   myox>ia  (Mackenzie).     In  gastii? 
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TBiiigo  there  is  usually  some  chronic  gastric  disorder  or  even  organic 
disease.  There  may  be  pain  or  a  sense  of  uneasiness  after  eating, 
especially  if  the  diet  has  been  inappropriate.  Heartburn,  eructa- 
tions, and  a  sense  of  distention  in  the  stomach  and  chest  are  usually 
experienced.  In  the  vertigo  of  gout  or  of  neurasthenia,  anaemia,  etc., 
the  diagDosis  is  readily  made  from  the  associated  symptoms.  In  all 
these  conditions  anything  that  tends  to  aggravate  the  general  consti- 
totional  state  may  cause  slight  vertiginous  attacks.  These  may  be 
accompanied  even  with  slight  buzzing  in  the  ear,  but  persistent  tin- 
nitus and  deafness  are  unknown.  Excessive  use  of  tobacco,  alcohol, 
tea,  or  coffee,  may  jKJSsibly  tend  to  cause  this  symptom  in  such 
patients.  So  also  will  the  vitiated  atmosphere  of  crowded  rooms. 
In  the  vertigo  of  organic  brain  disease  other  syjnptoms,  such  as  head- 
icbe,  paralysis,  convulsions,  and  affections  of  the  mental  faculties 
will  usually  clear  up  the  diagnosis.  Vertigo  is  an  occasional  symp- 
tom of  epilepsy,  but  in  this  disease  it  is  usually  associated  with  loss 
of  consciousness  and  convulsions. 

The  third  and  last  prominent  symptom  of  irritative  and  destructive 
lesions  of  the  auditory  nerve  or  its  end  organ  is  deafness.  This  is 
iBually  progressive.  In  very  rare  instances  only  does  it  occur  sud- 
denly. Thus  in  injuries  to  or  hemorrhage  in  the  internal  ear  deafness 
may  be  a  sudden  symptom,  but  in  the  great  majority  of  instances  it 
comes  on  gradually.  Its  approach  in  fact  is  sometimes  so  insidious 
that  the  patient  may  for  a  long  time  not  observe  it.  He  may  even 
have  some  vertiginous  attacks  which  he  is  apt  to  attribute  to  some 
disorder  of  digestion,  and  he  may  experience  a  slight  tinnitus  to 
vhich  at  first  he  attaches  no  importance.  As  these  symptoms  of 
irritation  i>roceed,  however,  he  becomes  conscious  finally  of  impair- 
ment of  his  hearing,  usually  at  first  only  in  one  ear.  The  deafness  in 
ill  these  cases  is  probably  coincident  with  the  onset  of  the  tinnitus, 
and  the  vertigo  may  be  a  signal  symptom  of  danger,  the  true  signifi- 
cance of  which  is  not  recognized.  It  is  not  probable  in  any  case  of 
1  beginning  irritative  lesion  of  the  ear  or  the  auditory  nerve  that 
there  is  any  initial  hyperacuity  of  hearing.  The  deafness  is  the  re- 
sult of  increasing  impairment  of  the  conducting  i)ower  either  of  the 
neire  or  of  its  end  organ,  the  irritative  symptoms  proper  being  the 
tixmitus  and  vertigo. 

Deafness  varies  in  its  characteristics  in  different  persons  and  in 
the  same  person  at  different  times.  As  a  rule  hearing  for  low  notes 
is  abolished  first.  High  and  clear  notes  are  often  readily  recognized 
bj  persons  comparatively  quite  deaf.  It  is  not  the  loudness  of  the 
note  so  much  as  its  character  that  is  essential  for  hearing. 

In  long-standing  cases  in  which  the  affection  is  limited  at  first  to 
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the  middle  aud  iiiterual  ear  the  conducting  power  of  the  Qerve  itself 
usually  becomes  impaired.  This  may  be  due  merely  to  disuiie,  bal 
is  more  prolmbly  a  symptom  of  a  true  degenerative  prooesa  in  ths 
nerve  tibrt*H. 

The  three  8ym|)tom8  already  described,  Cc,  vertigo,  tinnitus,  and 
deafneBe,  confltitute,  when  combined,  what  is  known  as  M^m^*9 
disease.  This  was  first  described  by  this  observer  in  1861,  Its  m- 
eential,  as  it  was  descrilied  by  Meniere,  is  gupiiosed  to  be  an  affectiuii 
of  the  labyrinth,  although  in  most  of  these  oases  other  regii>us  of  tliA 
internal  ear,  as  the  semicirculai*  c^iuals  and  cochlea,  are  [irobably  in- 
volved, as  is  made  evident  by  the  aBsotHated  tinaitus  and  deahifiBS* 
It  is  doubtful,  in  fact,  whether  Meniere's  disease  can  be  [>r<:»[>erly 
looked  on  as  a  distinct  morlnd  entity*  Diseases  of  the  middle  and 
internal  ear  exist  in  all  gratles  of  severity,  and  these  various  symp- 
toms, tinnitus,  vertigo,  and  deafness,  vary  accordini;  to  theexfceslaf 
the  disease  and  the  exact  structures  involved.  The  term  **  M&iiii^^S 
disease"  seems  to  be  restricted  by  otologists  to  that  severe  grade 
of  aund  disease  in  which  these  three  symptoms  are  mom  or 
constantly  associated,  and  in  which  esjieciaily  tlie  vertigo 
a  paroxysmal  and  inveterate  tyi>e.  Cases  of  increasing  diMkfaieiS 
with  tinnitus  are  very  C4»muionIy  obser\'ed  in  which  vertigo  is  nefW 
seen  or  is  at  most  but  rarely  exiierienced.  In  such  oaseM  wa  may 
supixjse  that  the  labyrinth  is  nt>t  seriously  involved,  and  by  commoti 
consent  these  c-ases  are  not  included  under  the  term,  Memer6*s 
disease. 

The  treatment  of  Meniere *8  disease  and  allied  affections  of  the 
midtlle  and  internal  ear  is  largely  relegated  to  the  aural  surgeon. 
Daring  the  imroxysm  of  vertigo  Uttle  if  any  treatment  as  a  rain  la 
re*iuired.  The  attack,  even  when  most  severe,  is  often  of  short  dor- 
ation  and  |>asses  off  w^ithuut  treatment.  In  those  cases,  Intwever,  in 
which  the  vertigo  ijersists,  the  i*atient  should  lie  kept  strictly  in  a 
recuml>ent  position.  He  sometimes  assumes  by  preference  a  po«iiticm 
on  his  side  or  face  rather  than  on  the  back»  or  he  may  even  in  ram 
cases  prefer  to  sit  ui>  hoktiug  his  head  in  his  hands.  No  arbitrary 
rule  governing  his  position  is  jierhapa  needed  or  desirable.  Bri:>nud0 
of  potassium  in  large  doses,  twenty  to  thirty  grains,  should  lie  ad* 
ministered.  Charcot  recommended  heroic  doses  of  quinine,  as  mtich 
as  ten  grains,  three  times  a  day.  This  drug  in  such  doses  seems  to 
be  given  on  the  theory  that  it  deadens  the  sensibility  of  the  auditory^ 
nerve,  and  that  in  grave  or  ho|>eles8  cases  its  destructive  action  on 
the  nerve,  leading  to  permanent  alwlition  of  function,  tVf.,  peraui^ 
nent  deafness,  might  be  preferrable  to  a  continuation  of  the  in* 
tolerable  vertigo.     Geisamium  and  salicylate  of  sodium  have  been 
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lammended,  but  their  action  cannot  be  relied  upon,  Counter-irrita- 
i  over  the  mBstoid  region,  such  as  by  a  blister  or  even  by  the  actual 
itery,  have,  according  to  Mackenzie,  proved  serviceable,  Becently 
omett  and  others  have  recommended  excision  of  one  or  other  of  the 
idee  of  the  ear  in  the  hope  of  relieving  tinnitus  and  vertigo,  but 
I  utility  of  this  operation  seems  still  to  be  a  subject  of  discussion. 
many  cases  of  middle-ear  disease  proper  treatment  of  the  throat 
id  posterior  nasal  chamber  and  of  the  internal  ear  is  useful,  Has- 
of  the  ear  drum,  when  this  is  sclerosed  and  retracted,  and  when^ 
is  probably  frequently  the  case,  the  small  bones  of  the  middle  ear 
>  sclerosed,  is  a  useful  procedure.  Strawbridge,  of  Philadelphia, 
B  devised  a  small  electrical  engine  for  this  purpose.  It  acts  by 
maing  rapid  vibration  of  the  ear  drum. 

In  diseases  of  the  auditory  nerve  proper,  such  as  those  caiised  by 
leningitis  or  organic  disease  at  the  base  of  the  brain,  little  can  be 
mie  by  way  of  medication.     In  syphilitic  cases,  however,  the  patient 
fcould  be  given  the  benefit  of  full  and  persistent  antisyphilitic  treat- 
This  is   best  attained  by  heroic  doses  of  the  iodide  of  po- 
,  and  in  recent  cases  by  the  hypodermic  use  of  some  appro- 
mercurial  preparation.     It  may  be  proper  to  state  here  that 
all  cases  of  recent  s^^philitic  affections  of  the  nervous  system 
prompt  action  of  mercurials  is  probably  much  better  obtained  by 
hypodermic   us©  of  mercury  than  by   any   other  method.     At 
le  recent  Congress  of  French  Dermatologists  and  Syphilographers 
at  Lyons  it  was  claimed  that  when  mercury  is  given  in  pill  form  the 
laetal  in  some  cases  could  not  be  detected  in  the  urine  at  alL     When 
fiTen  by  inunction  it  did  not  appear  in  the  urine  for  a  week  or  ten 
days,  but  when  given  hypodermically  it  could  be  found  sometimes 
irithin  twenty -four  hours.     These  facts  seem  to  prove  that  the  mer- 
salt   is   much    more   rapidly    absorl>ed   and   hence  exerts  its 
much  more  forcibly  when  thrown  at  once  into  the  circula- 
tion by  being  injected  under  the  skin.     The  reason  for  this  prob- 
depends  upon  the  well-known  fact  that  syphiUa  acts  upon  the 
ons  system  by  way  of  the  coats  of  the  bhxjd-vessels  and   the 
;iaries.     Hence  when  introduced  directly  into  the  circulation  it 
all  ita  power  directly,  promptly,  and  energetically  upon  the 

seat  of  the  lesion. 
Von.  XL— U 
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Diseases  of  the  Ninth  Nerve. 

The  Diotb  or  glosao pharyngeal  nen-e  in  the  sensori-motor  nen« 
the  base  of  the  tongue  autl  of  the  pharynx.     The  motor  fibres  of 
nerve  arise  from  large  cells  in  the  snperior  portion  of  the  mn 
ambiguus  in  the  medulla  oblongata.     Ita  nucleus  of  origin  is 
to  that  of  tlie  pueumogastric  ner\^e.     The  Bui)erficial  origin  c 
glo99oi>haryngeal  nerve  in  immediately  behind  the  olivary  bodjt- 
close  relationship  with  the  tmnk  of  the  tenth  or  pueumogastric 
Soon  after  leaving  the  medulla  the  nerve  preaeutn  two  nmall  gi 
the  superior  and  petrous  ganglia.     As  in  the  case  of  all  sensory  oei 
the  peripheral  sensory  neurons  of  the  glossopharyngeal  nerve  h&i 
their  cells  of  origin  outside  of  the  cerebrosi)iual  axis,  and  theae 
are  located  especially  in  this  petrous  ganglion,  which  corres] 
exactly  to  the  ganglia  on  tlie  iiosterior  roots  of  the  spinal  ner\'eg. 
cording  to  Van  Gehuchten,  these  ganglia  have  the  same  structam 
those  of  the  spinal  nerves.     They  are  formed  of  unipolar  celK 
single  branch  of  which  soon  bifurcates  and  given  origin  to  a  i)eriph< 
and  a  central  branch.     The  peripheml  branch  tenninates  iu  the  roi 
cons  membrane  of  the  pharynx  and  tongue.      The  central  hi 
l>ecomes  the  axis  cylinder,  penetrating  into  the  medulla  at  the  uj 
part  of  its  posterior  surface,  and  like  all  sensory  neurons  divider 
an  ascending  and  a  descending  branch.     The  descending  branch  enl 
the  solitary  fasciculus  or  deseentling  root  of  this  nerve,  and  cm  be| 
traced  for  some  distance  into  the  middle  of  the  bulb,  where  it  t«rmi- 
nat<»a  by  collateral  and  terminal  ramifications  in  the  neighbi>riDg gniT 
matter.     The  asceuiling  branch   is  shorter;  it  constitutes  rather  • 
horizcmtal  branch  and  terminates  directly  in  the  upper    iwirt  ol  i 
nucleus  of  gray  matter  beneath  the  floor  of  the  fourth  ventricle,  whick 
Van  Gehuchten  describes  as  the  trigone  of  the  glossophai-yngeal  aid 
vagUH  nerves.     This  m^tss  of  courne  does  not  constitute  a  nucleus  d 
origin,  but  a  terminal  nucleus  for  the  sensitive  fibres  of  these  two 
nerves. 

The  sui>erficial  origin  of  the  ninth  nerve  is  by  five  or  six 
arising  from  the  sulcus  Ijetweeu  the  inferior  cerel>ellar  peduncle 
the  olive,  just  above  the  superficial  origin  of  the  stranils  of  th^  ""' 
The  filaments  of  origin  of  the  ninth  nerve  soon  unite  in  oi 
Tins  i>ierces  the  dura  mater,  frt^m  which  it  receives  a  sheath, 
of  its  posterior  filaments  i>resent  two  ganglia,  named  resjiecl 
alread3'  said,  tlie  yietrous,  and  the  jugular  or  superior  gangli. 
nerve  leav(*s  the  skidl  by  the  jugular  fommen  in  close  pros: 
the  imeumog^ustric  and  si)inal  iiccessory  nerve.     After  its  ex. 
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skull   it  m  in  clo«e  proximity  to  the  jugular  veiu  aud  the  iiiternul 

itid  artery ,  It  passes  close  along  the  border  of  the  stjlopharyn- 
uiUBcle,  It  is  finally  distributed  to  the  mucous  membrane  of 
fauces,  the  base  of  the  tongue,  and  the  posterior  part  of  the 
and  the  tonsils.  The  glossopharyngeal  nerve  has  communi- 
branches  by  way  of  the  petrous  ganglion,  mth,  first,  the  pneu- 
itric,  second,  tlie  superior  cervical  ganglion  of  the  symimthetic, 
third,  the  facial  nerve  just  as  it  emergen  from  the  stylomas- 
{oranien.  The  peti'ous  ganglion  also  sends  a  brfmch,  which 
gires  sensibility  to  the  internal  wall  of  the  middle  ear.  This  is  called 
file  tympanic  nerve  or  nerve  of  Jacohsou.  This  neiTe  passes  by  a 
minute  canal— the  tympanic  canal — into  the  cavity  of  the  tympanum, 
wbere  it  is  distributed  to  the  mucous  membrane  of  the  tympanum  aud 
ilie  Eustachian  can  ah  The  other  collateral  branches  of  the  glo88f> 
pWyugeal  nerve  are  the  pharyngeal  to  the  lateral  wall  of  the 
plukrynx,  the  stylopharyngeal  which  innervates  the  muMcle  of  the 
ttme  name,  and  the  tonsillary  branches  distributed  to  the  mucous 
iDembrane  i)f  the  tonsils  and  of  the  pillars  and  vault  oi  the  jialate. 
The  terminal  branches  of  the  glossopharyngeal  nerve  are  diBtrib- 
especiaDy  to  the  mucous  membrane  of  the  posterior  third  of  the 
un  of  the  tongue  and  to  the  neighborhood  of  the  ei>iglottia.  The 
liu^cujtl  branches  of  the  nerve  give  to  the  mucous  membrane  of  the 
pcwterior  surface  of  the  tongue  its  general  sensibility,  and  also  sup- 
pW  filaments  of  special  sensibility  for  the  sense  of  tiiste. 

According  to  Van  Gehuchten,  the  observations  of  Fusari  and  Pa- 
uasci  have  seemed  to  demonstrate  that  the  gustatory  fiV>res  of  the 
glt«8opharyngeal  nerve  have  their  cells  of  origin  in  the  mucous 
tttembrane  fif  the  tongue  itself.  These  authors  have  dencribed  the 
pregetice  in  the  taste  bulbs  of  bipolar  cells  identical  with  tlioHe  in  tlie 
olfiiL'tory  mucous  membrane  of  the  nf>8e.  The  ]>eriiiheral  branches 
of  these  cells  terminate  freely  upon  the  surface  of  the  mucoUM  mcni- 
liraiie,  while  the  central  branch  becomes  a  fibre  of  the  nerve  itself. 
Tim  Gehuchten  himself,  however,  as  well  as  Retzius,  LenhtiKHck, 
mi  others,  whom  he  quotes,  has  not  lieen  able  to  demonstrate  the 
presence  of  these  cells  in  the  taste  bullTS,  He  therefore  holdn  tci  the 
new  that  the  gustatory  fibres  of  the  glossopharyngeal  nerve  have 
of  origin  in  the  two  ganglia  called  the  superior  and  jjetrous 
ready  described,  on  the  truids:  of  the  nerve  in  the  neighbor- 
i  jugular  foramen.  It  is  interesting  to  note,  however,  that 
if  Fusari  and  Panasci  (that  the  cells  of  origin  of  the  fibres 
situated  in  the  mucous  membrane  of  the  tongue)  makes  the 
analogous  to  the  fibres  of  the  olfactory  nerve ;  and  that 
they  Heem  to  occupy  a  position  analogous  to  the  per- 
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ipheral  sensory   neuroiiB   in  the  earthworm  wMch  Ijenliossek 

demonstrated  in  the  epithelium  of  the  skin* 

The  functions  of  the  glossopharyngeal  nerve  are  lai-gely  sen 
It  supplies  the  posterior  part  of  the  tongue,  the  regions  of  the  ] 
and  tonsils,  and  the  pharynx  with  common  sensation.  It  also  i 
pears  to  supx>ly  the  posterior  part  of  the  tongue  with  the  sfjecial  i 
of  taste.  It  has  also  some  motor  fibres  which  supply  the  glo 
pharyngeal  muscle.  Its  precise  functions,  l>otli  sensory  and  mn 
are  still  the  subject  of  considerable  discussion  among  anatomists  i 
ph\'8iolDgi8ts,  That  the  nen^e  contains  motor  fibres  seems  indn 
ble  from  the  fact  that  its  nucleus  of  origin  in  the  upj^er  part  of  ^ 
medulla  oblongata  presents  cells  of  a  distinctly  motor  tyr>e. 
ceUs  e\^dently  supply  motor  fibres  to  the  stylopharjngeus  mu 
The  sensorv  functions  of  the  nen^e  so  far  as  common  seoBibiHt; 
concerned  are  not  <lisputed.  The  ner\^e  undoubtedly  is  the  nerro 
common  sensation  of  the  regions  specified.  In  reference,  howef 
to  the  sense  of  taste,  there  still  seems  to  be  uncertainty  in  the  i 
of  some.  As  we  have  just  seen,  Fusari  and  Panasci  have  claimed 
that  they  have  demonstrated  the  presence  of  the  cell  body  of  the  neu- 
ron of  taste  in  the  taste  bulb  of  the  tongue.  The  central  branches  of 
these  neurons,  according  to  the  same  observers,  pass  brainward  by 
the  trunk  of  the  glossopharyngeal.  Other  observers,  however,  note* 
bly  Van  Gehuchten^  Ketzius,  and  Lenhossek,  have  not  been  able  to 
determine  the  ijresence  of  these  }>erii>heral  gustatory  neurons.  It 
seems  probable  that  we  shall  have  to  wait  for  more  careful  reseaith 
according  to  the  new  methods,  liefore  we  can  determine  jwsitively  the 
]di\'Hiology  and  anatomy  of  taste.  The  older  writers  indulged  largdf 
in  speculation,  and  sought  to  trace  the  gustatory  fibres  without  stifr 
cieut  wan*aut  in  the  most  roundabout  routes,  by  way  of  the  variooa 
connections  of  tlie  seventh,  ninth,  and  fifth  nerves.  So  far  as  I  can 
judge,  these  speculations  have  little  scientific  warrant  or  value.  Clin- 
ical ex|K*rience  proves  that  the  anterior  portion  of  the  tongue  is  sup- 
plied with  the  sense  of  tiiste  by  the  chorda  trmpani  nerve.  The  pos- 
terior pai-t  of  tlie  tongue,  however,  as  already  said,  is  supplied 
aiq>arently  with  gustatt>ry  fibres  by  the  ninth  or  glossopharvDj^ 
nerve.  Ou  the  other  hand  the  fifth  ner\^e  is  thought  by  uome  to  conduct 
taste  fibres,  and  there  is  clinical  evidence  for  this.  The  d" 
of  estimating  not  only  the  functions  but  also  the  diseases  of  ti 
are  greater  perhaps  than  in  the  case  of  any  one  of  the  tweb 
nerves.  It  is  an  extremely  difficult  nerve,  for  instance,  for 
gists  to  experiment  upon  in  the  lower  animalB,  while  in 
subject  it  is  ecarcely  if  ever  the  seat  of  isolated  disease 
uo  instance,  in  fact,  in  which  it  can  be  claimed  withoul 
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that  the  nerve  truiik  ]ibe  been  diseased  alone.  The  factB  being 
it  seems  that  we  must  either  tall  back  on  mere  speculation  aa  to 
disease  might  or  should  do  with  regard  to  taste^  or  else  ac* 
ledge  our  relative  ignorance  on  these  questions. 
The  glossopharyngeal  nerve  may,  however,  be  affected  in  some 
processes.  In  that  degenerative  disease,  for  instance,  known 
^io8BO-labio-pharTngeal  paralysis,  the  nucleus  of  the  ninth  ner\^e 
iometimes  involved  in  the  degenerative  process •  Here,  however, 
I  symptoms  caused  by  an  involvement  of  this  nerve  are  so  obscured 
rtbe  symptoms  caused  by  involvement  of  other  nerves  that  it  is  diffi- 
lolt  to  8ei)arate  them.  No  doubt,  how^ever,  some  of  the  aneRstheBia 
(  ttie  fauces  and  impairment  of  the  sense  of  taste  as  well  possilJy 
some  of  the  paralytic  symptoms  in  the  act  of  swallowing  are  caused 
degeneration  of  the   nucleus  and  roots  of  the  gloBsopharyngeal 


The  trunk  of  the  glossopharyngeal  nerve  might,  of  course,  be  in- 
Jted  ID  focal  lesions  of  the  medulla  oblongata  or  in  localized  leaioos 
t  the  base  of  the  brain,  such  as  tumors,  meningitis,  and  hemor- 
Surprisinglj  little,  however,  has  been  obser\^ed  of  symptoms 
panJysis  of  this  nerve  hy  such  lesions*  Possibly  this  may  be  due 
the  fact  that  all  symptoms  produced  by  lesions  of  the  glosBopharyn- 
nerve  are  deep  seated  and  readily  overlooked  unless  searched  for 
witli  the  most  careful  tests.  A  patient,  for  instance,  might  readily 
Imve  anieathesia  of  one  side  of  the  phar^^nx  and  loss  of  taste  on  one 
riide  of  th?  posterior  third  of  the  tongue,  without  tliis  being  very  i)er- 
ocptible  tf>  Mmself  or  very  readily  detected  by  his  physician.  It  is 
^doubtful  whether  the  unilateral  lesion  would  seriously  interfere  w4th 
the  act  of  sw^dlowing.  This  act  being  largely  reflex,  no  doubt  de- 
peodg  to  some  extent  upon  the  integrity  of  the  sensory  fibrea  in  tlie 
gjoeaopharyngeal  nerve,  but  the  irritability  might  readily  be  blunted, 
we  may  8upiK:>He,  or  even  abolished  on  one  side  without  the  act  of 
wing  being  more  than  slightly  embarrassed.  It  ih  inipoBsible 
ky,  owing  to  lack  of  observation,  to  what  extent  speech,  eajjecially 
the  formation  of  gutturals,  might  be  impaired  by  complete  paralysis 
of  the  glossopharyngeal  neiTe.  It  is  probable  that  this  nerve  conveys 
the  muscular  sense  from  parts  of  the  i>harynx  and  fauces,  and  the 
***^**^"i  of  this  we  might  suppose  would  cause  some  incoordination 
wements  necessary  for  speech ;  but  of  this  we  have  no  poHi- 
al  evidence.  As  the  nerve  supplies  common  sensation  to 
the  epiglottis,  its  paralysis  would  tend  to  c^use  choking  by 
imall  particles  of  food  to  find  their  way  into  the  windj>ix*e. 
^  Mills  and  Lloyd,"  taste  may  be  involved  in  various 
imors.     Thus  subjective  sensations  of  taste,  particu- 
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larly  the  stxmUed  metallic  taste,  may  be  present  in  case«  of  h 
tumor.     This  is  probably  caused  by  irritation  of  the  trunt  of 
glossopharj'iigeal  nerve,  especially  of  its  i)etrou9  gauglion  or  of  ; 
connections   within  the   medulla.      As  these*  authors   suggest, 
abnormal   tiiste  phenomena  obser\^ed  in  rare  c^ses  of   brain  tun 
may  be  caused  by  irritation  of  the  nerve  trunk  in  the  same  way 
a  mild  galvanic  current  applied  to  the  nape  of  the  neck  will  ofl 
cause  a  metallic  taste. 

As  the  glossopharyngeal  nerve  apparently  supplies  common  i 
bility  to  the  tympanum  by  way  of  the  nerve  of  Jacobson,  its  paralya 
of  coume  would  cause  amesthesia  of  the  cavity,  provi<led  the  lesio 
were  in  or  above  the  petrous  ganglion;  but  this  symptom  would  1 
extremely  difficult  to  determine. 

The  mot<jr  sympttmis  caused  by  paralysis  of  the  glosaoplmrvB 
nerve,  due  to  a  strictly  localized  lesion  of  the  nerve  itself,  ai-e  also  < 
tremely  difficult  to  estimate.  The  nerve  seems  to  supjily  the  atyl 
pharyngeal  muscle,  but  the  isolated  action  of  this  muscle  is  pruliat 
not  important  and  its  isolated  paralysis  would  not  cause  conspicuci 
symptoms.  It  is  possible  that  other  of  the  pharyngetd  muscles  i 
also  sui>plied  by  the  glossopharyngeal  nerve,  but  anatomists  diflFerc 
this  subject.  Its  ]>haryngeal  branches  helijiyto  constitute  the  pha 
geal  i>lexus  winch  sui)plies  the  muscular  iibres  of  the  upi»er  part* 
the  jiliarynx-  Some  cLdm,  however,  that  the  fibres  w^hich  supp 
these  muscles  are  derived  from  the  pneumogaah'ic.  As  an  isola 
pamlysis  of  the  glosHO])liar\'ngeal  nerve  is  exti*emely  rare,  it  is  in 
possible  to  determine  thin  point  definitely. 

The  treafment  of  dinetiHes  of  the  glossopharyngeal  nerve  resolve 
itself  UHually  into  treatment  of  lesions  involving  this  nerve  conjoint! 
with  (*tliei*s.     In  labio-glossopharyngeal  paralysis  the  treatment 
usually  imsatisfactory.     Strychnine  and  electricity  are  probjibly 
most  reliable  agents,  but  the  disease  is  usually  steadily  progre^ssiTi 
and  exceedingly^  rebellious  to  medication.     In  cases  of  tumor,  me 
ingitis,  or  other  gross  lesions  invol^dng  this  nerve  the  treatment  iil 
that  which  lias  liecn  indicated  elsewhere  for  these  lesions,  but  itiij 
usually  most  unsatishictory, 

DiseaBes  of  tlte  Tenth  Nerve.  , 

Tlie  tenth  nerve,  called  also  the  pneumogastric  or  vagus  n 
has  an  extensive  distrihntion.     It  is  composed  of  sensory  and  n 
fibres  and  supijlics  organs  and  viscera  in  tlie  neck,  cliest,  aod 
men.     It  arii^es  from  the  medulla  oblongata  in  the  sulcus  just  h 
the  olivary  body  and  below  the  fibres  of  origin  of  the  ninth  iii^ 
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|t  is  compofied  of  both  motor  and  sensory  fibres,  it  of  course  has 
b  a  moi^ir  notl  a  sensory  niicleiis.  Its  motor  nucleus  is  situated 
ip  in  the  medulla  or  postoblongata  aud  iw  known  as  the  nucleus 
ibi^aQB.  It  is  pxm-tieallT  the  same  nucleus  from  which  arise  motor 
ires  of  the  ninth  nen-e.  This  nucleuB  contains  large  cells,  evidently 
^tbe  motor  type,  which  are  the  cell  bodies  of  the  peripheral  motor 


Kirons  of  these 
no  nerves.  From 
cell  bodies 
axis  cylin- 
lem*  which  after  a 
diglitly  lient  course 
A8e  oat  from  the 
inedulla  in  the  sal- 
ens behiud  the 
divarybody.  The 
iracleus  ambitus, 
from  which  these 
motor  fibres  arise, 
is    practically     a 
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Pia.  91— Section  of  the  Upper  C^imcal  Cord.  XIL.  Nucleus  of  \\m 
hypofiOM*!  nen-e  ;  A".,  tennloal ii*?nt»(iTy  mulf us  of  the  jmeumoiiriLH- 
trlc  nerve;  nB,  Btirdaeh's  nucletm  ;  pd^  in ferlor cerebellar  pedun- 
cle ;  »a,  nucleus  am bij^ius.     (Van  Gehuchten.) 


contiuuatiou  U}>- 
warda  of  the  ^ray 
natter  CO  11 H ti  1 11  ti  ng 
i^ilher  the  anterior 
ortlie  lateral  horn  of  the  spinal  cord.  Hence  both  these  nerves  may 
^  be  lot  iked  upon  as  approach  iug  the  type  of  the  spinal  nerve, 

Tlie  superficial  origin  of  the  pneuniogastric  nerve  is  by  about 
twelve  roots  issuing  from  the  medulla  in  the  lateral  fissure  behiud 
tk  olivary  l»ody.  These  roots  coalesce  to  form  the  trunk  t)f  the  nerve. 
Tbe  sensory  fibres  of  the  pneumogaHtric  have  their  origin  outside 
oltlie  cerebrospinal  axis.  The  cell  bodies  of  these  perij^heral  neurons 
»re  platted  in  ganglia  called  the  jugular  and  the  plexiforin  ganglia. 
The  former  is  situated  nearer  to  the  central  origin  of  the  nerve.  These 
^  analogous  to  the  ganglia  of  the  posterior  roots  of  the  spinal  nerves. 
Aaonling  to  Yan  Gehuchten,  they  are  formed  of  unipolar  c<41s,  the 
single  stem  of  which  divides  into  a  central  and  a  i]eri[iheral  branch, 
-^ripheral  branch  jiassesby  way  of  the  nerve  trunk  to  terminate 
mucous  membrane  to  which  the  nerve  is  distrilmted.  The 
branch  becomes  the  axis  cylinder  and  passes  into  the  medulla 
by  way  of  the  roots  of  the  nerve.  Within  the  medulla  it 
to  a  descending  and  ascending  branch.  The  descending 
cr)mes  a  part  of  the  solitary  fasciculus,  while  the  ascending 
d  branch  terminates  in  the  inferior  portion  of  a  gray  nuiss 
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nnder  the  floor  of  the  fourth  ventricle  called  the  "trigone**  of  the  \ 

and  the  glosso|>haryngeal  uerv^es  (Vbji  Gehuchten).     Thia  gray  i 
has  been  considered  for  a  long  time  as  the  true  nuelens  of  origiiij 
the  pnetimogastric  nerve.    According  to  the  new  methods  of  st 
however,  and  especially  in  the  light  of  the  embry  ological  work  of  ] 
we  know  now  that  this  gray  mass  constitutes  a  terminal  nocleos. 
axis  cylindei's  of  the  peripheral  sensory  neurons  of  both  the  ninth  j 
tenth  nerves  terminate  by  their  arborizations  in  this  gray  mass,  aud^ 
it  are  located  the  nerve  cells  of  the  sensory  neurons  of  the  second  on 
whose  axis  cylinders  penetrate  farther  into  the  cerebro-epinal  axifl*J 

The  course  and  distribution  of  the  pneumogastric  ner^*e  are  i 
tensive  and  complex.  At  the  point  of  formation  of  its  tnink  from  i 
numerous  small  roots  of  origin  there  is  found  the  jugular  ga 
and  at  a  short  distance  lower  down  ite  trunk  expands  into  a  i 
or  plexiform  ganglion.  The  significance  of  these  has  already  1 
stated.  These  ganglia  represent  the  ganglia  on  the  posterior  rooti 
the  spinal  nerves,  although  in  the  case  of  the  pneumogastric  ne 
they  are  not  located  on  a  separate  sensory  root,  but  are  incorpcn 
in  the  main  trunk  of  the  nerve.  This  nen^e  trunk  passes  through  ( 
dura  mater  and  emergen  from  the  cranium  in  company  witli  the  ; 
nerve  by  the  jugular  foramen.  It  descends  verticaUv  tlirough 
neck  just  in  front  of  the  vertebral  column,  being  enclosed  within  \ 
sheath  of  the  great  vessels  of  the  neck*  After  it  passes  into  tlw 
thoracic  cavity  the  anatomical  relations  differ  on  the  tw^o  sides.  Oi 
the  right  side  it  passes  between  the  subclavian  artery  and  vein  and 
gives  origin  at  the  inferior  border  of  this  artery  to  its  recurrent  branch, 
or  right  inferior  laryngeal  nene.  The  main  trunk  of  the  pneumo 
gash'ic  passes  behind  the  right  bronchus.  On  the  left  aide  the  tnmk 
of  the  nerve  crosses  the  arch  of  the  aorta  and  at  this  point  gives  origin 
to  the  inferior  or  recurrent  laryngeal  nei've,  which  wintha  around  thft 
aorta  and  then  ascends  to  the  side  of  the  trachea  (Gray). 

The  branches  of  the  pneumogastric  nerve  may  l)e  stated  in  brief 
as  foil*  »ws :  In  the  jugular  fossa  the  auricular  branch  arises,  which 
apparently  supplies  the  integument  of  the  back  part  of  the  pinna. 

In  the  neck  the  pneumogastric  gives  origin  to  the  pharyngeal, 
supej'ior  Uiryngeal,  recurrent  laryngeal,  and  cervical  cardiac  branches. 
The  pharyngeal  branch  anastomoses  with  branches  from  the  ]  '  — 
pharyngeal  and  sympathetic  to  form  the  pharyngeal  plexus, 
supplies  the  muscles  and  the  raucous  membrane  of  the  pharyn 
motf>r  and  sensory  fibres.  The  suj^erior  laryngeal  nerve  arisa 
the  plexiform  ganglion  of  the  pneumogastric  and  is  appt 
largely  a  sensory  ner\'e  for  the  larynx.  The  inferior  or  rec 
laryngeal  is  the  motor  ner%T^  for  the  larynx.     The  cervical  a 
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bnnchfis  of  the  pnemnogastric  form  connections  with  the  sympa- 
thetic and  with  the  cardiac  plexus  and  cardiac  nerves. 

The  thoracic  cardiac  branches  terminate  in  the  deep  cardiac  plexus. 

Within  the  thorax  the  branches  of  the  pneomogastric  nerve  are 
the  anterior  and  posterior  pulmonary  and  the  oesophageal.  The 
farmer  two  enter  into  the  formation  of  the  pulmonary  plexus  and  have 
important  connections  with  the  sympathetic  system.  The  oesopha- 
geal branches  go  to  form  the  oesophageal  plexus. 

The  tronk  of  the  pneumogastric  nerve  penetrates  the  diaphragm 
and  distributes  its  terminal  filaments  by  way  of  the  gastric  branches. 
These  gastric  branches  are  distributed  principally  to  the  stomach  and 
the  cceliac  and  splenic  plexuses.  They  form  connections  also  with 
the  sympathetic  system  and  with  the  hepatic  plexus  (Gray,  Van  Ge- 
hnchten). 

The  functions  of  the  pneumogastric  nerve  have  been  the  object 
of  much  investigation  and  some  speculation.  The  nerve  is  concerned 
fak  the  acts  of  deglutition,  phonation,  circulation,  respiration,  diges- 
tion, and  possibly  even  in  some  of  the  functions  of  the  intestines. 
Taking  in  order  its  main  branches  from  above  downwards  we  may 
briefly  map  out  its  physiology. 

Its  first. important  branch  is  the  pharyngeal.     This  arises  from 
the  pleziform  ganglion  on  the  trunk  of  the  nerve  and  passes  to  the 
lateral  wall  of  the  pharynx  where  it  anastomoses  with  branches  of  the 
glossopharyngeal  and  sympathetic  nerves  to  form  the  pharyngeal 
plexnB.     From  this  plexus  are  supplied  the  branches  of  innervation 
for  the  muscles  and  mucous  membrane  of  the  pharynx.     According 
to  this  plan  it  seems  that  the  pneumogastric  enters  only  in  part  into 
the  innervation  of  the  pharyngeal  muscles  and  mucous  membrane. 
Exactly  what  part  of  these  it  supplies  is  still  a  question.     According 
to  Bethi,  quoted  by  Van  Gehuchten,  the  pharyngeal  filaments  of  the 
Tagns  nerve  innervate  the  constrictor  muscles  of  the  pharynx  as  well  as 
some  of  those  of  the  vault  of  the  palate.   The  nerve  is  evidently  impor- 
tant in  relation  to  deglutition.     It  not  only  supplies  some  of  the  phar- . 
yngeal  muscles,  as  already  said,  but  probably  also  controls  the  move- 
ments of  the  oesophagus  and  even  of  the  cardiac  orifice  of  t£e  stomach. 

The  next  important  branch  of  the  pneumogastric  nerve  is  the 
superior  laryngeal.  It  has  two  branches.  The  first  supplies  the 
criicothyroid  muscle  as  well  as  the  lower  constrictor.  The  other 
branch  supplies  the  mucous  membrane  of  the  larynx,  the  vocal 
cords,  the  epiglottis,  and  the  base  of  the  tongue.  Thus  it  is  largely 
the  sensory  nerve  of  the  larynx,  although,  as  is  seen,  it  has  some 
motor  fibres.  It  is  probably  largely  upon  this  nerve  that  the  fine 
adjustments  of  deglutition  and  respiration  depend.     In  the  act  of 
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swallowing  it  is  necessary  of  courfle  that  lioth  the  sentory  and  motor 
supply  should  be  in  strict  hanoony  in  emler  that  the  einglottis  mmy 
close  properly  and  that  no  i>articleH  of  fooil  shonld  drop  into  the 
larj  nx.  These  functions  dei>end  proljably  in  great  part  up4>n 
pneumogastric  nerve. 

The  recurrent  brunch  of  the  pneumoga«tric  nerv^e  is  the  ok 
nerve  of  the  larynx.  It  supplies  all  its  nuiscles  with  the  exception 
those  already  mentioned.  It  also  sends  branches  to  the  pbarytUL, 
trachea,  and  oesophagus.  Thin  branch  is  evidently  largely  mcHoir, 
although  it  is  poBHibla  that  it  sn|»iilies  i)art  of  the  uiut*oufi  membnuie 
of  the  pharynx  with  sensory  tihrea.  It  is  i>roper  to  sbite  thut  Ibt 
motor  innervation  of  the  larynx  ha**  l>een  a  much  disjiute*!  quest 
Some  have  claiined  that  this  in  a  function  of  the  pneum* 
nerve,  others  of  the  spinal  accessory.  Grabower  '*  claimed  that  the 
spiual  ac<"Pssory  ner^e  has  nothing  to  do  with  the  inner%*atioii  of  tiie 
larynx  and  that  the  vagus  is  the  only  motor  nen-e  of  thi«  orgaJL 
He  has  recently  recorded  a  ciise  of  tabes  in  which  there  wan  degteEO* 
eration  of  the  left  recurrent  nerve  and  of  the  extrabnlbar  portiim  of 
the  roots  of  both  tenth  nerves  with  ^lerfect  integrity  of  the  rtHAm  of 
both  eleventh  nerves,  degeneration  of  the  roots  of  both  ninth  Berv€«, 
intf^grity  of  the  nuclei  and  intra-bullmr  portion  of  the  roots  of 
t*'nth  and  eleventh  nerves,  and  mtxlenite  degeneration  i>f  both  spi 
roots  of  the  fifth  nene.  The  patient  had  bulbar  symptoms  and  m 
can  l>e  seen  the  recurrent  ner\e  w^as  degenerated  as  well  as  the 
of  both  tenth  nerves,  while  the  r<K)t8  of  both  eleventh  nenrea 
intact*  This,  according  to  Grabower,  proves  that  the  aooeaaoiy 
has  nothing  to  do  with  the  innervation  of  the  hirynx.  He  dainofl^ 
however,  to  know  of  sixteen  cases  in  which  ijaralyais  of  th©  larimx 
was  observ^ed  in  connection  with  paralysis  of  the  trapezius;  seven 
of  tliese  w^ere  of  peripheral  origin  and  therefore,  he  claims,  aaeleiw 
for  the  question,  Iwcause  a  i>eripheral  disease  in  the  sheaths  of  tbe 
blooil- vessels  of  the  nei^k  w^onhl  likely  involve  both  the  pneumogastric 
and  spinal  accessory  nerves.  In  the  other  case  there  was  no  autopsy  • 
0]ipenheiiu  agrees  with  GralMiwer  that  his  case  demonstrates  tliat  thd 
vagus  and  not  the  aoceasorius  is  the  motor  nen^e  of  the  larynx.  It  is 
possible,  he  thiukH,  that  the  tabetic  virus  affects  the  roots  of  tli# 
vagus  and  not  the  nuclei,  aa  is  seen  in  cases  of  some  other  xxjisona. 

The  cervical  cardiac  branches  go  to  form  the  cardiac  plexus.  One 
of  these  fillets,  sjiringing  directly  from  the  trunk  of  the  vagus  nr 
formed  by  the  union  of  a  liranch  of  the  superior  laryngeal  nerve  with 
a  brancli  from  the  trunk  of  the  vagus,  conj^titutes  the  nerve  known 
as  the  de^iresRor  (not  inhibitor)  of  the  heart,  or  the  nerve  of  Oyoo. 
It  has  long  lieen  known  that  tlip  pneumograstic  nerve  exercises  4  paw* 
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crfiil  inhibitory  action  on  the  heart.  It  controls  the  heart  movements, 
and  its  irritation,  especially  the  irritation  of  its  inhibitory  branch, 
ntards  the  beating  of  the  heart.  Under  this  influence  the  heart  beats 
more  slowly.  A  strong  electric  current,  it  is  said,  will  stop  the  heart 
in  diastole. 

The  thoracic  cardiac  branches  of  the  pneumogastric  also  go  to 
{orm  the  cardiac  plexus,  through  which  the  action  of  this  nerve  is  ex- 
craaed  upon  the  heart. 

The  anterior  and  posterior  pulmonary  branches  form  with  the 
I     sympathetic  the  anterior  and  x)osterior  pulmonary  plexus  respec- 
tivdy.     From  these  two  plexuses  arise  numerous  branches  which 
kXknw  the  bronchial  tubes  through  all  their  subdivisions  into  the 
interior  of  the  lungs.     This  nerve  thus  evidently  has  an  important 
function  in  regulating  respiration.      It  probably  conducts  afferent 
bnncheB  through  the  pulmonary  plexus  from  the  structure  of  the 
hngiB  and  bronchi.     These  afferent  or  sensory  impressions  probably 
ktd  to  reflex  acts  of  breathing.     In  respect  to  respiration,  however, 
it  must  be  recalled  that  it  is  a  complex  movement  depending  upon 
the  pioper  adjustment  of  the  mouth,  nose,  pharynx,  and  larynx.     It 
thai  requires  an  extensive  coordination  of  muscular  movements, 
guided  and  in  a  sense  controUed  by  numerous  afferent  or  sensory 
impressions.     This  extensive  complex  movement  is,  therefore,  not  de- 
pendent upon  any  one  nerve,  but  upon  a  coordinate  or  harmonious 
action  of  several  nerves,  esx)ecially  the  fifth  or  trifacial,  the  seventh 
or  facial,  the  ninth  or  glossopharyngeal,  the  tenth  or  pneumogastric, 
the  eleventh  or  spinal  accessory,  the  spinal  thoracic  nerves,  and 
the  sympathetic  fibres.     All  of  these  nerves,  it  is  to  be  remembered, 
bMwe  numerous  anastomosing  branches.     In  addition,  the  branches  of 
the  pneumogastric  nerve,  distributed  to  the  bronchi,  cause  constiic- 
tion  of  these  tubes,  as  seen  in  asthma.     According  to  some  observers 
the  lar>'ngeal  nerves,  both  superior  and  inferior,  exert  an  inhibitory 
afction  upon  the  movements  of  respiration  (Habershon**).     It  is  sup- 
posed by  some  that  the  afferent  impulses  carried  from  the  lungs  to 
the  respiratory  centre  in  the  brain  by  way  of  the  pneumogastric 
nerve  depend  i)artly  upon  the  accumulation  of  carbonic  acid  in  the 
blood.     This  excites  the  reflex  action  of  respiration. 

The  oesophageal  branches  of  the  pneumogastric  nerve  descend 
upon  the  anterior  and  posterior  surfaces  of  the  oesophagus,  sending  out 
lar^e  numbers  of  anastomosing  branches  which  constitute  the  oeso- 
phageal plexus.  From  this  plexus  arise  fibres  which  supply  the  mus- 
deii  and  mucous  membrane  of  the  oesophagus.  The  function  of  these 
nerves  is  evidently  to  preside  over  the  reflex  action  of  the  oesophagus 
in  the  process  of  swallowing. 
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In  the  abilomeii  the  termiual  branches  of  the  pneumogustric  nenii 
ar6  supplied  to  the  muscles  ami  mucous  membrane  of  the  waUa  of  tim 
stomach  and  extend  by  way  of  the  hepatic  plexus  also  U>  th«i  li 
The  nerve  senthi  branches  also  to  the  semilunar  ganglion  and  to 
solar  plexus.  An  important  function  of  the  pneumogiistric  nerre  im 
indicated  by  these  distributions*  It  is  probable  that  the  projier  per- 
formance of  digestion  depends  in  a  measure  uinin  this  ner\'i^  Thm 
movements  of  the  cesophagus  and  stomacli  are  under  its  eontroL  A* 
the  nerve  also  contains  Hensory  fibres,  it  is  i*rol>ably  the  pJitli  by  which 
we  are  acquainted  with  botli  the  normal  and  the  morliid  seusjitioiui  iJi 
that  organ.  For  instance,  it  possibly  conveys  the  sensation  of  naiitttti 
and  couseciueutly  is  active  in  the  function  of  vomiting.  lU  fidioo 
upon  the  liver  is  somewhat  obscure.  The  well-known  ex|>eri meiit  al 
Claude  Bernard  illustnited  Oh  functitm*  He  discoTered  that  jiunciiire 
of  the  floor  ijf  the  fourth  ventricle  at  the  trigouum  of  the  pneumogas- 
trie  nei-ve  prtnluced  saccharine  urine,  j^robably  as  a  re-suIt  ut  a  dis- 
turbance of  tlie  glycogenic  function  of  the  liver.  The  vagus  fiuallj 
may  have  some  connection  through  the  symi»athetic  system  with  Uu> 
suprarenal  capsule,  the  kitluey,  and  even  with  the  uterus.  ThLs 
nection  may  possibly  explain  the  reflex  irritation  of  the 
caused  by  diseases  of  these  organs. 

To  recai>itidate,  we  may  refer  to  theex{>erimenta  made  by  physiol- 
ogists by  division  of  the  imeumognstric  nerve.  According  io 
Habershon  division  of  the  pneumogastric  nerve  causea  lona  cf 
sensation  in  the  throat  and  larynx  so  that  foreign  sul^staaoea  fll^^f 
pass  unheeded  into  thi^  organ ;  there  is  loss  of  i>ower  in  the  throsl 
and  of  ac^tion  of  the  vixml  cords,  and  the  glottis  is  partially  cloeod; 
the  he^irt^s  a<.^tion  is  impeded,  but  at  first  ita  fre<iuency  and  force  ara 
increaaed;  the  lungs  lose  their  sensibility  ;  the  movements  of  ihm 
chest  wall  are  less  active,  and  respiration  becomes  less  fretjuent 
more  deep;  the  capillaries  of  tlie  lungs  are  filled  with  blood,  h 
the  mucous  membrane  is  oomgeated ;  tro[>hic  changes  occur  and  in- 
flammation in  the  lung  tissue  is  induced;  in  the  stomach  the  cardiao 
orifice  does  not  act;  tlie  mucous  membrane  become*i  jwile  and 
tion  at  first  is  checked.  Irritation  of  these  nerves  cauac 
and  moveihent^  of  the  st4imach,  but  complete  division  of  them 
vomiting  and  the  stomatdi  is  i>aralyzed  and  may  become  diateiided. 

Isolated  disejise  of  the  f>neumogaBtric  nerve  is  exceedingly  rare. 
On  the  other  hand,  the  nerve  is  not  infrequently  aflfected  by  dinciaoca 
of  neighlxiring  j>aris  and  organs.  Distinct  inflammation  of  tlia 
pneumogastric  nerve,  in  the  sense  in  which  the  facial  nerve,  for  in- 
stance, is  inflamed,  is  practically  unheard  of;  so  too,  its  deep  cotinn 
through  the  neck  and  thorax  renders  it  almost  exempt  from  injory. 
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Ub  nucleus  in  the  medulla  may  be  involved  in  the  degenerative  proc- 
em  which  also  attacks  nuclei  of  other  cranial  nerves,  producing  such 
ecH&fained  scleroses  as  the  labio-glosso-pharyngeal  paralysis.     In  such 
a  case  the  disease  process  is  essentiaUy  a  destructive  one,  faUing 
primarily  apon  the  cell  body  of  the  neuron  rather  than  upon  its  axis 
cylinder.     Hemorrhages,  tumors,  and  meningitis  about  the  base  of 
ibe  fandn  might  involve  the  trunk  of  the  pneumogastric  nerve,  but 
in  all  such  instances  there  would  be  many  other  comj^licating  symp- 
toms.    Tumors  in  the  neck  and  very  rarely  injuries  might  also  in- 
Tolre  the  trunk  of  the  nerve.     Because  of  its  deep  course,  however, 
SQch  injnrieB  are  rare,  and  if  they  occurred  they  would  probably  in- 
TolTe  also  the  large  blood-vessels  of  the  neck  and  would  be  speedily  fa- 
td.     In  the  thorax  the  commonest  cause  for  involvement  of  the  pneu- 
mogastric nerve  or  more  esi)ecially  of  its  recurrent  laryngeal  branch 
lie  aneurysms  of  the  aorta  and  its  branches,  and  tumors  in  the 
anterior  mediastinal  space.     Diseases  of  the  lungs,  even  the  most  ex- 
tensive and  destructive  in  character,  3o  not,  as  a  rule,  impair  the 
action  of  the  pneumogastric  nerve.     Gastric  disorders  may  possibly 
act  as  irritants  to  this  nerve;    in  fact  some  of  the  symptoms  of 
gastric  irritation  are  probably  conveyed  to  consciousness  by  way  of 
die  pneumogastric.     The  various  metallic  and  other  iK)isons  do  not 
as  a  rule,  to  have  much  influence  upon  the  pneumogastric 
In  lead  poisoning,  however,  severe  prsecordial  pain  is  some- 
times present  and  may  possibly  be  an  expression  of  irritation  of  some 
of  the  fibres  of  this  nerve.     In  grave  alcoholic  poisoning  we  also  see 
a  symptom  occasionally  that  suggests  the  possibility  of  paralysis  of 
the  cardiac  branch  of  the  nerve  known  as  the  inhibitor  of  the  heart  or 
nerve  of  Cyon.     Thus  in  acute  alcoholic  multiple  neuritis  there  is 
preaent    sometimes  an   obstinate  and  even  dangerous  tachycardia. 
This  is  extremely  rebellious  to  treatment  and  will  not  respond  for  in- 
stance to  digitalis.     It  is  sometimes  the  cause  of  sudden  death  in 
this  disease.     Thus  in  one  instance  in  a  woman  with  all  the  symp- 
toms of  peripheral  alcoholic  neuritis  the  heart  beat  x)^rsistently  in 
spite  of  rest  in  bed  and  full  nourishment  at  one  hundred  and  forty 
pulsations  to  the  minute.     Sudden  death  occurred  in  this  case  from 
the  application  of  an  ice  bag  over  the  chest.     The  So-called  "  tobacco 
heart**  is  possibly  an  affection  in  part  of  the  pneumogastric  nerve 
(see  below).     Syphilis  as  a  rule  does  not  play  an  important  role  in 
affections  of  the  pneumogastric.     A  syphilitic  inflammation  of  this 
nerre  trunk  has  not  occurred  so  far  as  I  know,  although  the  nerve  has 
been  involved  in  syphilitic  meningitis.     Exposure  to  cold  never  acts 
as  an  exciting  cause  of  disease  of  the  pneumogastric  nerve. 

This  nerve  is  supposed  to  be  variously  influenced  or  involved  in 
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some  of  the  ol)scure  so-oalled  gastric  and  otlier  neuroiiee*  In  mi- 
graiiie,  for  ioBtance,  it  is  probably  iovolveiL  Tliia  cUsewM^  it  al- 
ready explained,  seems  to  expend  it«4  force  especially  in  the  terrikiqr 
of  the  optic,  trigeiuiDiis,  and  piieumogastTic  uerves.  Thus  lunbiy* 
opia,  liefula(!he,  and  vomiting  are  itn  three  chief  eharactemtioi* 
What  the  exact  affection  of  the  nene  is^  however,  in  migraine,  it  i»  im- 
puBsible  to  say.  If  this  disease,  as  some  snpfiuse,  is  due  to  a  toxiD 
in  the  blood,  we  can  only  surmise  that  this  ixiison  acts  in  some  wa^y 
as  an  irritant  UjKjn  the  trunk  or  the  nerve  entlings  of  the  gastric 
branches  of  the  pneuinf  jgawtric*  But  why  it  ki ogles  out  these  threo 
uerves  esiwcially  in  an  unsolved  problem  in  pathology.  There  are 
other  gastric,  alxlominal,  and  cardiac  neuroses  that  ap|>an>nt1y  in- 
volve the  pneuniogiiHtric  nerve,  but  the  subject  is  so  obscure  that  it 
is  scarcely  worth  w^hile  to  speculate  about  it,  lu  many  of  these  cws^m 
the  patients  ai-e  either  neurasthenic  or  hysterical,  and  the  seat  of  tlie 
neurosis  is  in  the  brain. 

In  postdiphtheritic  paralysis  some  branches,  esijecially  the  pharyn- 
geal and  hiryngeal,  c*f  t!ie  i>neumogastric  nerve  may  be  iBTolvad. 

While,  as  already  said,  tranuia  does  not  oftan  act  as  a  oauss  of 
irritation  or  paral>  sis  of  the  pneumogastric  nerve,  yet  surgical  op- 
erations alMJut  the  neck  may  involve  this  uerve  or  one  or  other  of  tla 
branches.  This  is  true,  es|>ecially  of  ligation  of  the  internal 
artery. 

In  epilejisy  and  lijsteria  the  pueumogastric  nerve  is  ©vidi 
temporarily  involved  in  the  fits;  thus  the  ei^igjistric  aura  of  epilttj 
and  the  "  globus'*  of  hysteria  are  Imth  manifested  in  the  territory  of 
this  uen  e,  although  the  i>rimary  excitation  ia  probably  in  its  ceiitiii 
in  the  brain  Cfjrtex, 

Very  few  evidently  of  the  tibres  of  the  pueumogastric  nerve  mn 
under  the  C4jntrt»l  of  the  will,  if  we  except  those  that  inneTvati^  Iba 
pharyux  and  the  larynx.  Most  of  its  iuHuence  apimrently  is  aiH>n  Ihe 
functions  of  organic  life.  These  functions,  however,  are  influejucei]  to 
H  cousideralde  degrt^e  by  the  emotions,  and  some  of  the  most  impor- 
tant examples  of  this  occur  as  morbid  phenomena.  It  is  difficult, 
however,  to  make  an  exact  estimate  of  these.  We  may  only  surmiae 
thjit  many  of  the  cardiac  and  gjtstric  disorders  due  t^^  varioQB  mimtaj 
states  fict  til  rough  the  pueunKigastric  nerve.  Many  of  the 
instances  of  reflex  irritation  of  the  stomach  and  many  cases  of  lui 
and  vomiting  from  injuries  or  disejises  of  remote  organs  evidently  ac^ 
by  way  of  this  uorve.  Thus  vomiting  is  not  an  uncommfm  symptom 
of  organic  diseases  of  the  brain  such  as  tumor  and  abscess.  In  such 
a  case  the  symf)tom  is  probably  caused  by  irritation  of  some  of  Ihe 
aaeoeiation  tracts  or  of  the  nucleus  or  trunk  of  the  nerve  itself.     In 
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diDoaooo  of  the  kidneys  and  in  pregnancy  and  diseases  of  the  uterus, 
fomiting  is  not  an  uncommon  symptom,  and  is  probably  caused  by 
irritfttion  either  directly  of  the  fibres  of  the  pneumogastric  nerve  or 
indiiectly  by  way  of  the  sympathetic. 

The  symptoms  of  affection  of  the  pneumogastric  nerve  are  either 
imtatiTe  or  x>&ralytic.  These  will  be  considered  in  turn  in  reference 
k>  the  ▼arious  branches  of  the  nerve  trunk. 

The  phajrytigecU  branches  of  the  pneumogastric  nerve,  as  already 
explained,  go  to  form,  with  branches  of  the  sympathetic  and  of  the 
gloaaopharyngeal  nerves,  the  x)haryngeal  x)lexus.     This  plexus  may 
be  inTolved  in  various  ways.     One  of  its  commonest  affections  is 
leen  in  postdiphtheritic  paralysis.     It  is  also  implicated  in  the  com- 
biDed  sclerosis  known  as  labio-glosso-pharyngeal  paralysis.     Other 
affections  of  it  are  rare.     Meningitis,  tumors  at  the  base  of  the  brain, 
and  disease  of  the  bones  might  cause  paralysis  of  the  pharynx,  but 
eeitainly  this  is  not  common.     The  symptoms  of  paralysis  of  the 
Iiharjngeal  muscles  are  embarrassment  or  loss  of  power  of  swallow- 
ing.    Liquids  cause  much  difficulty,  as  they  regurgitate  through 
the  DOse,  especially  in  cases  of  associated  paralysis  of  the  muscles  of 
die  soft  palate.     Particles  of  solid  food  also  may  pass  into  the  larynx. 
A  semi-solid  food  is  best  swallowed.     In  severe  cases  food  may  lodge 
and  remain  in  the  pharynx,  and  serious  results  may  occur  from 
ftrmngling  and  choking.     If  minute  particles  of  food  pass  into  the 
long  a  dangerous  form  of  pneumonia  may  result.      Spasm  of  the 
pharyngeal  muscles  is  a  rare  symptom  of  involvement  of  the  pharyn- 
j^eal  plexus.     It  is  seen  in  hydrophobia,  in  which  case  it  may  possibly 
be  due  to  irritation  of  the  nerve  tininks  or  nerve  endings.     It  possibly 
occoTB  in  the  initial  stage  of  the  epUeptic  paroxysm  and  is  a  very 
ctimmon  symptom  in  hysteria,  although  the  true  **  globus'*  of  hysteria 
m  probably  an  affection  rather  of  the  oesophagus  than  of  the  pharynx. 
In  the  occupation  neurosis  of  professional  voice-users,  a  spasmodic 
jurtion  of  both  the  x)liaryngeal  and  laryngeal  muiscles  occurs.     The 
pharynx,  as  Wyllie"  has  pointed  out,  plays  an  important  ])art  in  the 
production  of  voice.    In  the  disease  known  as  clergyman's  sore  throat 
there  is  often  a  well-marked  neurotic  element  in  which  the  action  of 
the  associated  muscles  of  the  larynx  and  pharj'nx  in  the  producti(m  of 
Toice  is  impaired.     In  some  of  these  neurotic  cases  the  voice,  in  the 
midst  of  public  speaking  or  singing,  suddenly  leaves  the  patient,  as  the 
result  of  a  spasmodic  action  of  the  muscles  of  phonation.    An  hysterical 
element  is  not  uncommon  in  some  of  these  cases.     The  true  aphonia 
of  hysteria,  however,  is  a  psychic  rather  than  a  local  affection. 

The  lanjnqeal  branches  of  the  pneumogastric  nerve  are  i)robably 
more  frequently  involved  in  disease  than  any   others.     They   are 
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esxiecially  Uuble  to  irritatioo  and  iirensur©  from  tumors  and 
in  the  netk  and  thorax,  and  to  wouuds  inflicted  during  surgical  opef^ 
ations.  Ah  alrerwly  exi>laineil,  the  two  laryngeal  nervea— «iiperiaf 
and  i'w*urront  or  inferior— supply  the  larynx  with  aenBorj  and  molof 
filaioentH.  The  former  of  tlieee  filament«  run  largely  in  the  superior, 
the  lattor  in  the  rec'iirrent  l>raueh,  The  aniH^ricir  laryngeal  nenrt* 
however,  supplies  motor  tibree  to  the  cricoth}  roid  as  well  afi  to 
lower  t"onstrict*»r  muscle. 

The  ojK^ning  antl  shutting  of  the  glottis  are  affected  by  antagonin- 
tie  muscleH,  These  muscles,  however,  are  HUppUed  by  fibres  that  run 
through  the  single  nen^e  trunk— the  recurrent  laryngeal.  Theoe 
fibres,  of  eoiurne,  are  distinct  and  arise  from  distinct  ner\'e  cells, 
tluiugh  p/issing  through  the  same  trunk.  The  fact  that  they  do 
through  the  same  ner\^e  trunk,  which  may  be  variously  affected  by 
irritjitive  and  paralyzing  lesions,  is  one  of  great  clinical  importai 
The  two  main  functions  i>f  the  glottis  are  concerned  firnt  with 
piration,  second  with  phonation.  During  respiration  the  glottii}  lA 
widene<l,  or,  nnjre  jiroperly,  it  is  widenetl  during  iuftpiration*  It  is 
closed  firmly  to  prevent  the  entrance  of  foreign  bodies  into  the 
larynx,  and  it  is  closed  also  immetliat^dy  before  the  act  of  oougbtlig. 
During  phonation  the  laryngeal  muscles  give  the  v^x-al  ci>nls  a  certain 
tension,  and  at  the  same  time  the  latter  are  approximated  to  each 
other.  The  tension  of  the  vocal  cords  is  produced  by  the  crioothyioui 
muscles,  which  are  supplied  by  the  su|>erior  laryngeal  nerves,  but  all 
tliB  other  muscles  concerned  with  the  functions  of  the  glottis  are  aap- 
plied  by  the  recurrent  nerves, 

Considering  these  facts,  when  a  vocal  cord  stands  at  continued  rest 
in  the  position  normally  occupied  during  phonation,  that  VKisitioii 
may  be  due  either  to  a[)asm  or  fixation  of  the  muscles  which  clooe  tbe 
glottis  on  the  one  hand,  or  to  paralysis  of  the  muscles  which  hold  th6 
glottis  open  on  the  other  hand  (Solis  C«>hen").  This  phenomf»no]i« 
according  to  Cohen,  has  been  usually  attributed  to  paralysis  nf  tbo 
nerve  supplying  the  posterior  cricoarytenoid  muscle,  the  function  af 
which  is  to  kee^i  the  vociil  bands  asunder,  to  hold  the  rima  glottidjn 
open  for  the  needn  of  ordinary  respiration,  and  even  to  draw  theee 
bands  open  to  their  ^qdest  extent  for  the  needs  of  extranrtlinary  in- 
spiration. Cohen  says  that  this  view  is  supiK>rted  by  the  fact  thai 
the  muscle,  in  almost  every  case  in  which  it  is  i>aralyzed  by  pr«^8RQr» 
upon  its  nerve,  is  found  post  mortem  to  be  degenerated,  and  that  lit- 
tle if  any  similar  atrophy  is  found  in  the  antagonistic  muaoleA.  This 
▼iew  is  supporte<l  by  Semon,  who  concludes  that  organic  disease  of 
the  root  or  tnink  of  the  motor  nerve  of  the  larynx  (r.e,,  the  recurrent 
nerve)  is  earliest  and  sometimes  exclusively  manifested  in  pandysia 


DISEASES  OF  THE  TENTH  NEBYE. 

cl  this  dilator  muscle,  i.e.,  the  posterior  cricoarytenoid.      Cohen 
lumself,  howeTer,  inclines  to  the  view  first  expressed  by  Krause,  of 
Berlin,  who  believes  that  organic  irritation  of  the  recurrent  laryngeal 
nenre  produces  spasm  of  all  the  muscles  (botli  the  dilator  and  con- 
stridor)  of  the  pharynx— i.e.,  of  those  that  preside  over  the  various 
acts  of  respiration,  phouation,  and  coughing.     Inasmuch,  however, 
m  the  constrictor  muscles  preponderate  over  the  dilator,  the  spas- 
modic closure  of  the  glottis  occurs  in  spite  of  the  fact  that  the  antag- 
onistic or  dilator  muscles  may  also  be  thrown  into  spasm.     This  view 
of  Krause  seems  to  me  to  explain  best  some  of  the  well-known  facts 
of  the  clinic.     In  most  lesions  which  cause  irritation  of  the  recurrent 
laryngeal  nerve,  such  as  tumors  and  aneurysms,  we  must  suppose 
Aat  both  sets  of  fibres — i.e.,  those  passing  to  the  dilator  as  well  as 
dioee  passing  to  the  constrictor  muscles— are  irritated.     This  is  due 
to  the  fact  that  the  fibres  for  both  sets  of  muscles  are  included  in  the 
one  nerve  trunk.     As,  liowever,  in  all  such  cases  spasmodic  closure 
ud  not  siMsmoilic  opening  of  the  glottis  is  the  rule,  it  seems  that  the 
only  inference  is  that  the  muscles  that  preside  over  closure  of  the 
^ottis  overmaster  those  that  preside  over  its  opening,  and  that  there- 
fcxre  spasmodic  closure  occurs,  and  we  have  the  well-known  paroxys- 
imI  dyspnoea  which  is  so  characteristic  of  pressure  upon  the  recurrent 
krrngeal  nerve.     The  danger  in  most  cases  in  which  irritation  occurs 
to  the  laryngeal  nerve  is  from  spasm  and  closure  of  the  glottis.     Fa- 
nlysis  of  this,  esi)ecially  when  it  occurs  only  on  one  side,  is  not  as  a 
rale  sufficient  to  cause  obstruction  to  the  passage  of  air  into  the  lung, 
for  the  reason  that  the  unparalyzed  side  affords  sufficient  space.     As 
the  cricothyroid  muscles  are  the  chief  muscles  for  rendering  the  vocal 
cords  tense,  and  as  these  are  supplied  by  the  superior  laryngeal  nerve, 
this  element  in  phonation  is  not  always  involved  in  affections  of  the 
Iftrjnx  or  its  nerve  supply.     As  all  the  other  muscles,  liowever,  are 
supplied  by  the  recurrent  laryngeal  ner\'e,  paralysis  or  irritation  of 
this  nerve  may  variously  affect  the  voice.     According  to  Landois  and 
Stirling,  iiaralysis  of  the  motor  nerves  of  the  larynx  causes  ajJionia 
or  los»  of  voice.     If  the  tensors  of  the  vocal  cords  are  paralyzed,  i.e., 
the  cricothyroid  muscle,  monotonia  is  the  chief  result.     In  paralysis 
of  the  larynx  disturbance  of  respiration  may  not  be  important  so 
long  as  respiration  is  tranquil,  but  so  soon  as  increased  respiration 
occurs,  due  to  exercise  or  exertion,  dyspnoea  sets  in  because  of  the 
ioAbility  of  the  glottis  to  dilate.     If  only  one  vocal  cord  is  paralyzed, 
the  Toice  becomes  falsetto.     Sometimes  the  vocal  cordfl  are  only  para- 
lysed to  such  a  slight  degree  that  they  do  not  move  during  phonation, 
bat  do  move  during  forced  respiration  and  during  coughing.     In 
manj  cases  in  which  the  function  of  the  recurrent  laryngeal  nene  is 
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interfered  with  by  aneurysm  or  tumor,  the  vocal  eord  ia  seen  on 
paralyzed  Hide  to  be  at  rest  in  the  poBitaon  of  phouatioiu  To 
elude,  the  imi*ortaut  symptom  caused  by  irritation  of  the  raot<^ir  nerii" 
of  the  larynx  in  spa8moclic  closure  of  the  glottis.  This  in  a  c! 
fai^'t  about  which  there  neetl  be  no  Bpeculation,  Paralysis  of 
motor  iif^rves,  ou  the  other  Imnd,  causes  various  affec^tioiis  of 
tion,  such  as  monotonia,  falsetto  tone,  and  various  other  d 
of  voice.  It  may  also  imuse  dyspnoea,  which  is  only  maricad 
during  t^xerciee  owinj^  to  the  forced  respiratiou  thus  rendered 
necessary.  In  other  worcln,  a  jmralysis  which  leaves  the  chink  of 
the  glottis  only  partially  closed  may  (<ive  sufBcient  spm'e  for  gentle 
respimtion  but  not  siiflicient  for  the  forced  respiration  reciai 
by  exercise. 

The  dyapna?a  C4iused  by  pressure  upon  the  recurrent  larvnged 
nerve  is  not  always  merely  part)xysmaL  It  may  be,  for  raiuions 
airemly  explained,  more  or  less  constant,  es^iecially  during  exertaon* 
Thus  in  a  case  reported  by  SoUs  Cohen^  a  man,  aged  forty -four 
years,  with  aueurvf^ni  of  the  arch  of  the  aorta  and  of  the  left  subcla- 
vian artery,  had  fixation,  |>robably  due  to  spastic  immobility,  of  the 
left  ViX'^il  band  in  the  jihonat<)ry  pmition.  His  voice  was  treak  and 
iliphthonic,  the  lii^her  jiitch  tone  liein^,'  metidlically  shrill  and  sqiieakjr, 
lie^piratiou  was  embamwsed  on  exertii»n,  but  during  ix*st  in  a  atttim 
position  it  was  quiet,  at  a  rat©  of  from  2i>  to  24  iier  minute.  The  lar- 
yngoscope revealed  tense  immobility  of  tlie  left  vocal  baud  in  IIm 
phonatory  positii>n.  The  aneurysm  in  this  case  eompressecl  the  infi^ 
rior  laryngeal  nerve  on  the  left  side  as  it  winds  around  the  arcb  of  the 
aorta.  Cidien  attributes  the  fix€*d  iKisition  to  a  preponderating 
spasm  of  the  group  of  adduetor  muscles  rather  than  to  paialyaia 
the  abductor.  As  we  have  seen,  however,  some  other  obaerveis 
aider  this  to  l)e  a  tnie  imralytic  phenomenon.  Cohen  n^iMirte  otb^ 
cases  in  which  this  fixation  of  the  V(x*al  band  in  the  phonator>'  |iciai* 
tifm  was  due  to  other  causes.  Thus  in  one  case  it  was  caused  by  a 
hirge  thyroid  body,  and  in  another  by  a  Ipft-sided  pleuritic  effusion 
with  disphicemont  of  the  heart.  He  thinks  that  tlie  displacement  of 
the  heart  had  caused  a  strain  upon  the  recurrent  nerve  by  dragin^ig 
the  arch  of  the  aorta  forwards,  downwards,  and  to  the  right.  Tkia 
autlior  says  that  eomt>lete  desfaniction  of  the  coDductirity  of  the 
recurrent  laryngeal  nerve  leaves  the  vocal  band  immobile  in  a  |io6iti€m 
which  does  not  interfere  w^ith  the  resjuratory  function.  In 
sion,  it  seems  that  the  gravest  dangers  from  interference  with 
function  of  the  motor  nerve  of  the  larynx  are  two  in  number:  firsts 
spasm  proilucing  ]mroxysmal  or  even  rnntinuetl  dyspntea;  and 
paralysis  of  the  dilator  muscles  which,  while  }>ermitting  reapiratioii 
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dvzing  rest,  causes  dyspncea  during  exercise,  owing  to  the  inability 
of  the  glottis  to  dilate. 

The  left  recurrent  laryngeal  nerve  is  rather  more  liable  to  be  in- 
ndTod  by  aneursym  than  its  feUow,  owing  to  the  fact  that  it  curves 
arouDd  the  arch  of  the  aorta. 

The  paroxysms  of  dyspnoea  caused  by  involvement  of  the  recurrent 
hirngeal  nerves  are  occasionally  fatal.  Budd  ** ""  reports  the  case  of 
an  old  man  who  had  paroxysms  of  difficult  breathing.  He  had  a  small 
tninar  on  the  left  side  of  the  neck  close  to  the  trachea.  Occasionally 
he  had  violent  attacks  of  suffocative  dyspnoea,  and  in  one  of  these  he 
died.  The  autopsy  revealed  a  small  malignant  growth  situated  in  the 
deft  between  the  larynx  and  the  trachea  on  the  left  side,  and  involv- 
ing the  recurrent  laryngeal  nerve.  Neither  the  larynx  nor  the 
tnchea  had  been  subjected  to  mechanical  pressure  or  organic  ob- 
ilmction. 

Hale  White*'  ^  has  recently  advanced  the  theory  that  the  recurrent 
hiTiigeal  nerve  has  a  trophic  function  for  the  thyroid  glaud.  He  re- 
ports two  cases  of  aneurysm  of  the  aorta  with  involvement  of  the  re- 
cvrent  laryngeal  nerve,  in  which  there  was  marked  atrophy  of  the 
thyroid  gland.  The  changes  in  the  gland  were  degenerative  and  de- 
ftractiTey  in  one  case  the  gland  being  little  else  than  a  mass  of  ill- 
formed  fibrous  tissue.  White  suggests  that  this  fact  is  important  in 
view  of  the  possible  causation  of  myxcedema  in  similar  cases,  but  he 
lecordB  no  observation  to  prove  that  myxcedema  occurs  under  such 
cimunstances. 

MoreU  Mackenzie**  recorded  a  case  of  paralysis  and  atrophy  of  the 
abductor  of  the  left  vocal  cord,  caused  by  laryngeal  growths  pressing 
upon  the  recurrent  laryngeal  nerve.  There  was  extreme  dyspncea  and 
stridnlous  breathing  on  the  slightest  exertion,  but  these  ceased  when 
the  patient  lay  down  and  also  when  he  went  down-stairs.  The  autopsy 
revealed  a  number  of  small  tumors  growing  outside  of  the  windpipe 
midway  between  the  larynx  and  the  bifurcation  of  the  trachea.  In  one 
of  these  the  left  recurrent  nerve  was  completely  embedded,  and  where 
it  emerged  it  was  seen  to  be  red  and  inflamed.  The  left  abductor  or 
cricoarytenoid  muscle  was  found  to  be  pale  and  atrophied,  and  on 
microscopical  examination  its  fibres  were  seen  to  have  undergone 
complete  fatty  degeneration.  No  other  muscle  was  unhealthy.  This 
case  seems  to  prove  the  correctness  of  the  view  that  paralysis  and 
degeneration  of  the  abductor  muscle  is  the  cause,  in  some  of  these 
at  least,  of  the  dyspncea.  This  is  so  especially  in  this  type  of 
in  which  the  dyspncea  is  increased  on  exertion  and  is  not  spas- 
modic and  paroxysmal  in  time.  The  fact,  however,  that  this  muscle 
alone  is  involved  when  the  whole  nerve  trunk,  containing  as  it  dose 
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fibres  to  many  other  laryngeal  musclefl,  ih  so  seriously  impUcaied,  in 
difficult  Uj  nnderstand  and  requires  further  exphvuation* 

Newman""  has  laid  down  some  general  rules  as  to  the 
significance  of  laryngeal  symptt)m«  reHulting  fnim  pressure  by 
ysms  uf>on  the  vagus  and  it^  recurrent  lar}  ngeal  hraueh.     Thene 
briefly  are  as  follows:  1st,   Aneurysm  (jf  the  aortii  and  of  the  inuocoi* 
nate  artery  may  give  rise  to  laryngeal  synipkmjs  only»  so  that  it  may 
require  eritical   jdiysical  exaiuination  to  form  a  |HJsitive  diagnuBia. 
2d.  In  the  early  stage  pressure  may  cause  partixysms  of  most  lui^est 
dyspucwa,  accnm]*anied  by  laryngeal  stridor  and  t>aroxysmal  ooygli, 
3fL  At  a  later  stage  paralysis,  limited  usually  but  not  always  to  onm 
side,  occurs,  eharaeterized  by  phonative  waste  i)f  breath  and  itoper^ 
feet  cough,  but  without  dyspmea  exeejjt  when  reflejc  sitasm  is  indl^ 
cated  on  the  ojiposite  side.     AL'cortling  to  those  nih^  it  seems  ttmi 
spasm  of  the  adduetor  nuiscles  causing  paroxysms  of  dyspncea  is  more 
likely  to  be  au  early  symptom,  and  is  due  Ut  irritation  of  th«*  retTar- 
rent  nerve,  but  that  lat4?r  in  the  case  {paralysis  of  the  aWuctor  may 
octnir,  and  this  doi*s  not  lead  to  dyspnosi»  exce])t»  as  alrea<ly  explainedt 
during  exercise  or  exert i«>n,  or  when  associated  with  sfmsm  of  tlie 
ailductors  on  the  o[»posite  side.     These  rules  possibly  are  subject 
to  many  excejjtioas,  but  in  the  main  they  seem  to  l>e  luised  n\ 
the  true  condition  seen  in  these  cAses.     They  indicate,  however, 
netiessity  for  extreme  caution  in  arriving  at  a  diagnosis  of  the 
cause  for  either  laryngeal  spasni  or  paralysis. 

The  treatment  for  the  varitius  iiffections  of  the  recurrent  laryoi^Mi] 
nene  is  not  as  a  rule  satisfartory.  As  the  causes  for  the  irritatioo 
or  i>aralysis  of  the  nerve  tnmk  ar^  usually  tumors  or  aneurysuia  in 
the  neck  or  thorax,  but  little  can  Im  done.  Tumors  at  accesaihle 
|>oints  should  of  course  be  excised,  Tli©  princii>al  means  for  relief 
in  urgent  paroxysmal  dyspno»a  is  tracheotomy.  Anodyne  and  sed*- 
tive  medicines  are  but  of  little  if  any  value  in  these  cases.  Tlie  sur- 
gical treatment  for  these  varitnis  disorders  of  the  recurrent  laryngeal 
nen'e  cannot  1m>  discussed  at  length  in  this  work. 

The  next  im|H>rtant  branches  of  tbe  pneuniogastric  nerve  are  iho 
oer\'ics.l  and  thoracic  amilai'  branches.  These  join  branches  from  Ihe 
sympatlietic  to  form  the  cardiac  plexus.  The  jmeumogastric  uerm 
through  these  c^irdijic  branches  exercises  an  inliibitory  action  upoj^J 
the  heart;  it  also  supplies  the  heart  with  sensory  fibres.  In  eos^^f 
animijs  it  is  sui^ijosed  that  theheaH  receiveii  also  Sf>me  of  its  accele?^ 
ator  fibres  through  the  vagus.  According  to  Landois  and  Stirling^ 
feeble  stimulation  of  the  pneumogastrio  nerve  sometimes  causes  an 
acceleration  of  the  beats  of  the  heart,  but  this  probably  occurs  only 
when  accelerator  fibres  are  conveyed  in  its  trunk.     The  depressor 
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nenre  of  the  heart,  bnt  not  properly  its  inhibitory  nerve,  is  the  nerve 
of  Cyon,  arising  by  one  branch  from  the  superior  laryngeal,  and 
wiudly  by  a  second  from  the  trunk  of  the  vagus  itself.  The  true 
inhibitory  nerve  arises  from  the  inferior  cardiac.  (Landois  and  Stir- 
Hog).  Stimulation  of  the  inhibitory  nerve  causes  a  slowing  of  the 
heart's  action  and  an  increase  in  the  force  of  the  heart  beat.  When 
&e  central  end  of  one  vagus  is  stimulated,  provided  the  other  vagus 
ii  intact,  the  heart  may  be  arrested  reflexly  in  diastole.  Stimulation 
of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of  suspension 
of  the  beats  of  the  heart,  accompanied  by  anxiety  and  a  feeling  of 
impending  death.  Goltz  proved  that  attacks  of  this  sort  may  be 
produced  reflexly  by  tapping  the  intestines.  On  the  other  hand, 
ptnlysis  of  the  cardiac  branches  of  the  pneumogastric  nerve  causes 
marked  acceleration  of  the  pulse  to  140,  160,  or  even  20O  beats  per 
minate.  In  extreme  cases  the  pulsation  is  very  irregular  in  force  and 
rhythm. 

It  is  difficult  to  estimate  the  exact  role  of  the  pneumc^astric  nerve 
in  diseases  of  the  heart.     As  already  said,  this  nerve  is  no  doubt 
affected  by  some  of  the  poisons,  especially    tobacco  and  alcohol. 
JTiootine  and  atropine  are  known  to  physiologists  as  paralyzants  of 
tbe  inhibitory  fibres  of  the  vagus  nerve.     In  chronic  poisoning  by 
tobacco  the  disorder  of  the  cardiac  muBcle  known  as  the  ''tobacco 
heart**  is  probably,  in  part  at  least,  an  affection  of  the  inhibitory  fibres 
of  the  pneumogastric  nerve.     This  affection  is  characterized  by  irreg- 
ularity in  the  action  of  the  heart,  palpitation  on  exertion,  some  dysp- 
ncea,  and  a  sense  of  pain  or  constriction  about  the  cardiac  region  of 
the  chest-     These  symptoms  are  such  as  would  be  caused  by  the 
depressing  action  of  a  poison  upon  the  vagus  or  its  cardiac  branches. 
In  alcoholic  multiple  neuritis  a  very  common  symptom,  as  already 
stated,  is  tachycardia  or  rapid  action  of  the  heart.     In  some  of  these 
nnm   the  heart  beats  at  a  rate  of  100,  120,  or,  as  I  knew  it  in  one 
instance,  140,  in  spite  of  prolonged  rest  in  bed.     In  these  cases  I  have 
observed  that  the  heart  is  also  very  rebellious  to  such  cardiac  stimu- 
lants as  digitalis ;  in  fact,  I  have  failed  a  number  of  times  to  secure 
tbe  characteristic  action  of  digitalis  under  these  circumstances.     This 
condition  is  not  without  danger,  and  in  some  cases  of  alcoholic  neuri- 
tis is  the  immediate  cause  of  death.     Thus  I  have  known  a  patient 
suffering  with  alcoholic  multiple  neuritis  in  all  four  extremities 
and  with  wandering  delirium   and  tachycardia,  die  suddenly  from 
heart  failure.     In  these  cases  we  perhaps  cannot  estimate  with  scien- 
tific precision  the  exact  condition  of  the  pneumogastric  nerve  and 
its    inhibitory  branch.     Accurate   microscopical  research   is   much 
noeded  in  this  direction.     StiU  from  the  mere  clinical  standpoint  it 
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seeniB  justifiable  to  infer  that  theBe  earditK*  symptoms   are  due  to 
iBTolvemeat  of  the  vague  or  its  cardiac  braiicbeH.     Instanoes  are  on 
record  (Cf I >werH)  in  wkicb  the  vagus  or  its  cardiac  branch  has  been  in- 
vol  veil  in  enlaixed  glands  or  even  in  a  small  tumor.     In  theee 
extreme  fretiuency  of  the  pulfle  htm  been  observed. 

Finally,  the  ptieumogaHtric  nerve  coDtaiziA  afferent  or  nenacM^^I 
tibres,  and  these  may  l>e  involved  in  some  disease  procesaet*.  It  BH 
poHHibte  thiit  the  pain  of  angina  pectoris  is  caused,  in  part  at  least,  hj 
imtation  of  theBe  HeuHory  fibres.  Peendo-anginal  attacks  have 
noted  in  casea^  for  instance,  in  which  the  cariliac  plexus  has 
involved,  as  in  a  tumor. 

The  [nilnionary  brauches  of  the  pneumogaatrie  ner^'e  prrdmhiy 
have  some  lu-tiou  in  disease.  They  supply  the  muscular  fibres 
of  the  bronchioles,  and  it  is  possibly  through  tlieir  mechanism  that 
fisthnia  is  caused,  Ex|ieriments  have  shown  that  congestion,  pneu- 
monia, or  even  gangrene  of  the  lungs  follows  section  of  the  rsgvui 
nerve.  Section  of  both  vagi,  accordiog  to  Landois  and  Stirling,  im 
followed  by  dimimttinn  io  the  number  of  respirations.  The  pnstt* 
monia  which  iK*cnm  under  these  circumntances  has  been  ohseiTed 
since  the  time  of  Yalaalva.  It  may  be  ex  plained  by  the  fact  that 
loss  of  mentor  power  and  sensibility  of  tlie  larynx  occuis  as  well  as 
loss  of  senHibility  of  the  triicbea,  bronchi,  and  luug.  Hence  the  glo4* 
tis  ia  not  closed  during  swallowing,  and  foreign  iMidies,  snch  aa  smftll 
particles  of  food,  enter  tlie  reHjiiratiiry  passages.  In  animals  tbui 
pneumonia  has  lieen  prevent^l  by  the  insertion  of  a  tul)e  into  Iha 
trachea  through  an  op>eDing  in  the  neck.  The  occ^nrrence  of  pneu- 
monia is  also  favored  by  the  fact  that  the  labored  and  difficult  raspii»^ 
titm  causes  congestion  and  pulmonary  *^dema.  Finally,  these  changM 
may  be  promotetl  by  interference  with  trophic  functions  in  the  Ymgfcuu 
Rabbits  as  a  rule  die  very  quickly  from  pneumonia  after  section  of  the 
vagi.  The  presence  of  distinct  trophic  fibres  in  the  pneomogastric 
nerve,  however,  is  still  somewhat  problematical.  This  function  in 
this  nerve,  as  in  all  nerves,  probably  resides  in  the  motor  and  sensory 
neurons. 

The  CBSOphageal  branch  of  the  pneuraogastrie  nerve  forma  witli 
its  fellow  of  the  opposite  side  the  (psophsgeal  plexus.  We  have  no 
very  distinct  knowledge  of  the  action  of  these  branches  in  disease. 
They  preside  in  health  over  the  peristaltic  action  of  the  oeaophagnB 
and  sui>ply  sensory  fi Vires  to  the  upper  i*art  only  of  this  tube.  Their 
action  is  entirely  reflex  or  assotnative  in  character  and  is  not  properly 
under  the  control  of  the  will.  The  sensation  of  **  globus**  in  hysteria 
is  possibly  due  to  disorder  of  the  fesophagus  and  pharynx.  When  tbfi 
cBBophagus  is  the  seat  of  any  irritative  lesion,  such  as  trauma^  foreign 
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body,  or  neoplasm,  its  reflex  action  is  probably  manifested  and  may 
aooonnt  in  jiart  for  the  obstructive  symptom.     It  is  impossible,  how- 
era-y  as  a  role  in  such  cases  to  distinguish  between  the  symptoms  of 
mechanical  obstruction  and  those  due  to  reflex  spasm.    In  some  cases, 
bowerer,  of  slight  injury  to  the  pharynx  and  oesophagus  a  well- 
marled  neurotic  element  is  present  and  should  be  recognized  at  its 
true  worth.     For  instance,  a  slight  injury  such  as  may  be  caused  by 
in  irritating  fluid  or  a  foreign  body,  may  be  the  starting-point  for 
a  moat  obatinate  spasmodic  action  of  the  oesophagus  on  attempts  at 
■wallowing.     Food  is  regurgitated,  and  the  patient  frequently  suffers 
greatly  in  his  general  health.     In  such  cases  we  may  suppose  that 
a  alight  ];>er8i8tent  lesion  exists  and  is  the  starting-point  for  an  ob- 
fftinate  reflex  neurosis.      Such  cases  have  been  reported  by  Gull, 
Pepper,  and  others.     They  often  merge  into  true  cases  of  hysteri- 
etl  Tomiting,  in  which  this  symptom  persists  probably  long  after 
the  initial  lesion   has   healed.     Thus  in  a    case   reported  by  the 
writer"*  the  vomiting  had  been  caused  by  the  swallowing  of  an  ir- 
ritating fluid.     It  had  continued  for  many  months  and  had  reduced 
the  patient  to  a  condition  of  such  extreme  emaciation  that  her  life 
was  endangered.     In  these  neurotic  cases  the  vomiting  is  usually 
aoeomplished  without  effort  and  without  nausea.     It  is  in  fact  not  so 
much  an  act  of  vomiting  as  of  regurgitation.     The  food,  for  instance, 
does  not  always  enter  the  stomach,  but  is  rejected  from  the  oesopha- 
gus.    Hence  this  symptom  is  sometimes  called  cesophagismns.     This 
snbject  has  been  discussed  at  length  by  Lasegue.     In  extreme  cases 
tiie  efforts  at  regurgitation  continue  even  when  there  is  no  food  in 
either  the  gullet  or  stomach,  the  patient  merely  bringing  up  a  little 
tenacious  mucus.     These  cases  can  usually  be  distinguished  from 
cases  of  organic  disease  by  a  consideration  of  the  cause  of  the  malady, 
the  character  of  the  vomiting,  the  age  of  the  patient,  who  is  usually 
Tooni;  (although  not  always),  the  absence  of  cachexia,  and  the  pres- 
ence of  other  hysterical  stigmata.     In  these  neurotic  cases  success 
can  sometimes  be  obtained  by  suggestive  therapeutics.     Treatment 
with  drugs  is  as  a  rule  unsatisfactory. 

The  gastric  branches  of  the  pneumogastric  nerve  are  probably  not 
infrequently  irritated  by  diseases  of  the  stomach.  The  fibres  are 
both  sensor)'  and  motor.  By  the  former  probably  all  morbid  sensa- 
tions from  the  stomach  are  conveyed  to  the  brain  and  vomiting  is  no 
doabt  excited  through  them.  The  motor  fibres  preside  over  the 
moTements  of  the  walls  of  the  stomach.  The  jmin  from  organic  dis- 
ease of  the  stomach,  and  the  various  gastric  neuralgias,  are  no  doubt 
located  in  the  pneumogastric  nerve.  Very  rare  cases  have  been  re- 
ported in  which  disease  at  the  root  of  the  nerve  has  caused  such 
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symptoms  as  excessive  api>etite,  vomitmg^  etc.     In  some  ca&m,  1 
ever,  hunger  and  thirst  have  beeo  abolished  by  disease  of  the  v^i 
(JohjiBon).     The  gastric  crises  of  locomotor  ataxia  are  probably  < 
t<i  irritation  of  the  sensory  neurons,  whose  cell  bodies  are  lo 
the  jiiguhir  and  plexiforni  ganglia  on  the  trunk  of  the  nerve  j 
superficial  origin.     Pressure  on  the  trunk  of  the  nerve  ia  said  to  1 
cauaed  vomiting. 

Although  the  pneumogastric  nerve  has  connections  in  the  i 
domeu,  as,  for  instance,  with  the  liver  and  intestines,  distinct  Bvmp 
toms  in  these  organs  have  not  been  noted  in  its  diseases. 

The  ireafment  for  diseases  of  the  pneumogastric  nerve  or  its  i 
important  branches  must  depend  of  course  u[>on  their  cAuseB.  Soa 
of  this  treatment  lias  already  been  indicated.  In  organic 
causing  in'itative  or  paralytic  symptoms,  such  as  tumors  of  the  i 
and  anterior  mediastinal  siiace  and  aneurysm  of  the  aorta  and  i 
blood-vessels,  little  can  \ye  done  exoex**^  ^F  surgical  means,  and 
always  then,  for  relief.  Di-ugs  as  a  rule  are  of  but  little  imfx»r 
in  any  affection  of  the  vagus.  In  case  of  syphilitic  meningitis  at  t 
point  of  exit  (if  the  nerve  from  the  medulla,  antisyphilitic  treat 
should  be  gi\en  a  fidl  trial.  Such  cases  are  extremely  rare,  howe 
find  their  successful  tre^itment  is  probably  still  rarer.  As  I  hil^ 
already  said,  the  poisoniug  by  alcohol  of  the  cardiac  branches  of 
pneumogastric  nerve  is  exceedingly  rebellious  fct>  treatment, 
prolonged  rest,  fuU  diet,  and  small  doses  of  strychnine  give 
results.  Digitalis  in  my  observation  does  not  exert  itn  full  phys 
logical  effect  in  tliese  cases.  A  recumbent  i>ositiou  is  iu]i*erative»  «ft 
the  risk  of  death  from  cardiac  failure  in  alcoholic  multiple  neuritis  ii 
not  to  l>e  ignored.  In  the  fCH()i)hagismns  or  reflex  neurosis  of  tto 
c&sophagus  due  to  an  initial  irritative  lesion  of  this  tube  local  treat- 
ment, in  my  obsenation,  is  not  useful  and  is  sometimes  strongly 
coiitraindicatcd.  Exceptions  occur,  of  coume,  incases  in  which  the 
initial  lesion  is  ijersisteut  and  accessible,  but  the  majority  of  theae 
cases  need  simply  wise  management  imd  proper  mental  impre^ion* 
The  gastric  brant-hes  of  the  ] men mogas trie  nerve  may  be  involved  in 
so  man\  le.siouH  of  the  stoin^ich  that  it  is  impossible  here  to  outline 
a  complete  treatment  for  all  these  cases.  This  is  best  eoDP'''^"^ 
under  the  head  of  the  reH])ective  lesions.  In  very  severe  i 
and  in  the  crises  of  locomotor  ataxia  strong  anodyne  druK^ 
relief.  The  most  imi)ortant  of  these  are  morphine  and 
cocaine,  croton  chloral,  atrc»j>hine,  aconitine,  and  ^ 
ually.  Electricity  in  any  of  its  forms  is  of  litt 
affections  of  the  pneumogastric  uerve. 
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Diseases  of  the  BleyeBth  Nerve* 

The  eleventh  t»r  spinal  accesaory  nerve  is  excluflivelj  motor.     It 
from  the  lower  part  of  the  medulla  oblongata  and  from  the 
pper  part  of  the  spinal  cord.      Hence  anatomists  distinguish  two 


Fto  I7«— Apparent  Origin  of  the  Acc*«8ory  Ner»«  nf  Willie  of  the  FiieumogiifltHct  atid  of  the 
GIOBBOt»hAiyiigt>al  ^  erre.    (  Vad  Qeh  tichten,  > 

fiortions  of  the  nerve:  the  bulbar  and  the  spinal.  The  nerve  in  a 
motor  nerve  similar  in  type  to  the  other  motor  nerves  of  the  spinal 
cord  with  the  exception  that  it  has  more  numerous  and  more  widely 
i'jcaled  roots  of  origin.     It  is  supplied  exclusively  tu  the  sterno- 
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ekidomastoid  and  traj^eziuH  muHclea.  The  epiiml  portion  of  this 
nen^e  arises  from  large  ganglion  ceEs  in  what  i«  known  im  the  lut^eiml 
horn  of  the  eervie*U  t?onl  from  the  level  of  tlie  first  to  that  of  the  third 
and  fiome times  fourth  cemcal  nerves.  The  roots  emerge  from  the 
gpinal  cord  on  its  lateral  asi>eet.  The  fibres  of  the  biilliur  portion  of 
this  nerve  arise  from  cells  of  origin  in  what  is  called  the  nuelenj»  am- 
biguus,  which  is  in  fact  a  coliiinn  t»f  gray  matter  which  exists  in  the* 
interior  of  the  whole  length  of  the  medidla  oblongata  and  ia  analcgoos 
to  the  anterior  horn  of  the  spinal  cord.  The  fibres  from  tlie  spiiial 
portion  of  this  nerve  imite  into  one  nerve  tnink.  This  ascends  in 
the  spinal  canal  up  to  the  level  of  the  bulb,  entering  the  cramam 
through  the  foramen  nuignnni,  imA  unites  ^dth  the  bidbiur 
The  roots  of  origin  of  the  bulbar  jiortlou  arise  fi*om  the  aanie 
l>ehind  the  olivary  body  from  which  arise  the  roota  of  the  ninth  Jtncl 
tenth  nerves*  Tliis,  the  accessory  or  bulbar  portion  of  the  nerve,  is 
the  smaller  of  the  two.  The  single  ner\e  trunk,  thus  formexl  frt>m 
the  spinal  and  bulbar  portions,  passes  from  the  cranium  by  the  jugu- 
lar foramen.  As  it  emerges  from  the  cranium  the  nerve  di\idefi  into 
twi>  main  bnmches.  The  first  of  these,  or  internal  branch,  passes  en- 
tirely to  tlie  i>neumogastric  nerve  between  its  two  ganglia,  t.<?,,  the 
jugular  and  plexiform  ganglia.  This  branch  is  de«cribed  as  formed 
by  tlie  ahnm  of  tbe  nerve  which  have  come  from  the  btflhar  or  sceeA- 
gory  portion.  The  external  branch,  supposed  to  be  of  spinal  origin, 
descends  in  the  same  sheath  with  tiie  tenth  nerve.  It  pierces  the 
sterncK"leidi>mastoid  muscle,  snpi»lying  it  with  motor  filaments,  and 
then  passes  obliquely  acrtuss  the  suboccipital  triangle,  ent^^ring  lie- 
neat  h  the  anteritir  border  of  the  trap^ezina,  to  which  muscle  it  is  dis- 
tributed (Gray,  Van  Gehuchten). 

The  spinal  accessory  may  be  aflfec-ted  l»y  ilisease  or  accident  in 
various  ways.  Its  nucleus  or  series  of  nuclei  may  be  the  seat  of 
degeneration  along  with  the  nuclei  of  other  motor  nerves,  as,  for 
instance,  in  anterior  imliomyelitis  and  amyotrophic  lateral  sclerosm. 
Its  two  main  trunks  of  origin— tbe  spinal  and  the  bulbar  or 
sory — may  lie  involved  in  meningitis  or  caries  nf  the  bone  at  the 
of  the  brain.  One  or  both  of  them  may  l>e  damageil  by  a  tumor  tn 
the  superinr  cerrical  or  bullwir  region.  Hem*irrhage«  in  these  part» 
are  not  cc»mmon.  After  its  passage  from  tlie  jngular  foramen  the 
nerve  may  be  injured  by  tumors,  al>sces8es,  or  wounds  in  the  neck. 
Injury  t4)  the  nerve  where  it  passes  across  the  space  between  the 
8ternomjiflt*:)id  and  the  trapezius  muscles  may  be  inflicted  by  the 
pressure  of  heavy  weights  carried  or  falling  upon  the  shoulders.  In- 
flammation due  to  exposure  lo  cold,  such  as  is  seen  sometimes  in 
the  facial  nerve,  is  not  csommon  in  the  spinal  accessory  nerve. 
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The  symptoms  of  disease  of  the  spinal  accessory  nerve  may  be 
doe  either  to  irritation  or  paralysis.     The  former  causes  spasm;  the 
latter  Ices  of  power  in  the  muscles  supplied  by  the  nerve.     The  dis- 
tribation  of  the  paralysis  depends  of  course  upon  the  point  of  the 
lesioii.     In  case  the  nuclei  are  degenerated,  as  in  amyotrophic  lateral 
flderoflis,  both  the  sternocleidomastoid  and  the  trapezius  muscles 
may  be  progressively  paralyzed.     In  cases,  however,  of  this  disease 
and  of  progressive  muscular  atrophy  the  upper  part  of  the  trapezius 
nmscle  is  sometimes  the  very  last  to  lose  power  and  volume  and 
henoe  was  called  by  Duchenne  the  uUimum  moriens.    The  explanation 
of  this  fact  is  that  the  trapezius  muscle  is  supplied  only  in  this  upper 
part  to  any  extent  by  the  spinal  accessory  nerve;  the  rest  of  its  inner- 
vation coming  from  the  spinal  nerves.     Hence  in  cases  in  which  the 
upper  part  of  the  trapezius  and  the  stemomastoid  do  not  degenerate 
the  inference  is  that  their  nuclei  in  the  lateral  column  of  the  cervical 
cord  do  not  degenerate  so  readily  as  the  nuclei  of  the  other  spinal 
nerves  that  are  affected.     In  cases  in  which  the  nerve  trunk  is  in- 
▼olved  anywhere  in  its  course  in  the  upper  cervical  spinal  canal, 
in  the  cranium,  or  in  the  neck,  the  paralysis  of  course  involves  both 
the  stemomastoid  and  the  trapezius  muscles.     In  these  cases,  how- 
ever, the  stemomastoid  muscle  is  completely  paralyzed,  while  the 
trapezins  muscle  is  completely  paralyzed  only  in  its  upper  portion, 
although  its  other  i)ortion  may  be  paretic.     This,  as  already  ex- 
plained, is  due  to  the  fact  that  the  trapezius  is  supplied  in  part  by 
the  spinal  nerves. 

Paralysis  of  the  sternocleidomastoid  muscle  interferes  with  rota- 
tion of  the  chin  towards  the  unparalyzed  side.     The  paralysis,  as  a 
mle,  is  visible  only  on  attempts  at  moving  the  head.     At  such  times 
the  inability  to  rotate  the  chin  away  from  the  paralyzed  side  and  the 
flatness  and  inactivity  of  the  paralyzed  muscle  are  very  apparent, 
whereafl  during  perfect  rest  there  may  be  no  deformity  visible  except 
in  long-standing  cases.     In  these  latter  the  paralysis,  combined  with 
wasting  of  the  muscle,  causes  a  loss  of  characteristic  contour  of  the 
neck.     Paralysis  of  the  upper  part  of  the  trapezius,  i.e.,  the  part 
which  originates  from  the  occipital  bone,  also  causes  alteration  in  the 
shape  of  the  neck  and  loss  of  power,  which  are  notable  especially  on 
deep  inspiration.     Although  the  main  body  of  the  trapezius  muscle 
is  not  paralyzed,  still  it  is  rendered  somewhat  paretic  by  loss  of  func- 
tion of  the  spinal  accessory  nerve.     The  shoulder  falls  slightly  and 
the  scapula  rotates  slightly  inwards,  due  especially  to  the  unopposed 
action  of  the  rhomboid  muscles.     As  under  these  circumstances  the 
deltoid  muscle  loses  some  of  its  basis  of  support,  elevation  of  the  arm 
is  effected  awkwardly  and  with  some  difficulty. 
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In  some  instancee  of  Imailar  meniu^itis  both  flpiiml  ace 
nerves  are  involvetl.     This  may  be  seen  in  tnberculouH  meningifc^^ 
children*     In  nnch  cases  the  patient  may  be  unable  to  hold  the  . 
ujiright,   the  paralysis  of  the  sternomastoids  permitting  it  to 
backwards,  while  that  of  the  ti'apezins  permits  it  to  fall  forwa.  '- 
Hence  the  head  is  remarkably  devoid  of  snpjjort,  failing  abouC^ 
various   directions   when  the   patient  is  liftf'd  upright.      In 
cases   of   am^'otropliic   lateral  sclerosis   pariilysis  of   the   trapez 
and  associated  mnsclea  pennits  the  head  to  fall  forwards  with 
chin  resting  upon  the  sternum  in  a  characteristic  way.     The  pnH 
may  not  have  lost  absolute  contix)l  of  the  nodding  movement, 
after  the  head  has  passed  a  certain  point  in  tending  for^'ards 
su(hlenly  loses  its  sni>port  and  falls  forwards  on  the  chest. 
movement  may  be  likened  to  the  snapping  shut  of  the  blade  of  a  ] 
knife.     In  cases  in  which  the  nerve  trunk  is  injnreil   after   it 
l>assed  tli rough   the  sternomastoid  muscle,  i.t\,  in  the  snlx>ccipiti 
triangle,  tlie  trajjezius  muscle  is  of  course  the  only  one  involved, 
all  cases  of  degeuerative  disease  of  the  nuclei  or  trunk  of  the  spii 
accessory  nerve  or  of  injury  tti  its  trunk  the  reactions  of  degenemtio 
sooner  or  later  display  themselves.     Exceptions  occur  in  such  i 
degenerative  diseases  as  j»rogresHive  mnscnlar  atrophy.     Wheu  the 
nerve  trunk  is  injured  by  jjressure  or  wounds  the  reactions  of  degaft* 
eration  appear  i>romptIy.      The  motor   points  of   the  muscles  are 
located  at  the  seats  of  entrance  of  the  nerve  into  the  muscle,  and  m 
these  are   superficial  and  heuee  reailily  accessible  the  reactions  of 
degeneration  may  l3e  very  reailily  studied. 

It  has  been  commonly  assumed  in  the  past  that  the  acoesa<Hj< 
bulbar  part  of  tins  ner\  e  supj>lies  the  lai'vngeal  muscles  throagh  tk 
l>raiich  which  passes  irom  the  trunk  of  the  spinal  accessory  to 
pueumogiistric.  Hence  it  is  claimed  that  when  the  spinal  aceeaioii 
nerve  is  im'ohed  in  its  intmcranial  portion  there  is  also  paralyais ( 
the  vtjcal  cord.  Kecently,  however,  this  origin  of  the  motor  fibres  i 
the  vocal  cord  has  been  denied  and  there  is  reason  to  believe 
they  prtx-eed  from  tlic  pneumogastric  nerve  proper.  (See  section  < 
Pueumogastric  Nerve.) 

The   irrahnenl   of  paralytic   affections  of  the    spinal 
nerve  will  depend  upon  their  cause.     In  nuclear  lesions  little  can  be 
done  to  sUiy  the  progress  of  degeneration,  which  usually  invade 
nuclei  also  of  many  other  nerves.     These  progresaive  degene 
diseases  are  usually  obstinate  to  treatment.     Strychnine,  ele 
and  a  supporting  diet  offer  the  best  prospects  of  staying  the  pr 
of  the  disease,  but  even  this  treatment  is  usually  disappointing. 
syphilitic  meningitis  at  the  base  of  the  brain  an  antisyphilitic 
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meot  is  of  course  indicated.  In  tuberculous  meningitis  practically  no 
treatment  avails.  In  tumors,  abscesses,  caries  of  the  bones,  and 
wounds  of  the  neck  the  treatment  is  largely  surgical,  but  is  not  al- 
ways available.  In  strictly  peripheral  lesions,  such  as  are  caused  by 
blows,  pressure,  and  other  injuries  of  the  nerve  trunk,  cure  is  often 
obtained.  In  these  cases  electricity  applied  to  the  sternocleido- 
mastoid and  trai)ezius  muscles  is  the  best.  This  can  be  supplemented 
by  hTpodemiic  injections  of 
strychnine  into  the  substance 
of  the  muscle. 

The  following  case  illus- 
trates very  well  paralysis  and 
atrophy  of  the  muscles  sup- 
plied by  the  spinal  accessory 
nerve  in  amyotrophic  lateral 
sclerosis.  The  patient  is 
under  the  writer's  care  in  the 
Phihidelphia  Hospital. 


G- 


Italian 


A. 

aged  50  vears,  with  a 


laborer, 
history 


Fio. 


S8.— Paralysis  of  the  Trapezius  Muscles  in  a 
Case  of  Amyotrophic  Lateral  Sclerosis.  (Philadel- 
phia Hospital.) 


of  syphiJjs  of  fourteen  years' 

standing,   began  three  and  a 

half  years  ago  to  have  weak- 
ness   of  the  arms,  coming  on 

gradually.     He    now    has 

marked  atrophy  of  the  muscles 

of  the  arms,  of  the  forearms, 

shoulders,    neck,    and    trunk. 

The    atrophy  is  so  great  that 

many   of  these  muscles  have    apparentl}'  completely  disappeared. 

There  is  no  fibrillation.  The  stemomastoid  and  trapezius  muscles 
<as  can  be  seen  in  the  illustration)  have  almost  entirely  disappeared. 

Their  paralysis  and  loss  cause  marked  dropping  of  the  head  lorw^ards 
upon  tiie  chest,  as  well  as  backwards.  The  stemomastoid,  in  fact, 
can  only  be  made  out  as  a  thin  fibrous  cord.  The  patient  has  exag- 
gerated knee-jerks  and  a  feeble  and  spastic  gait.  Sensation  is  not 
involved  and  the  pupils  react  normally.  There  is  no  muscular  atro- 
phy of  the  legs.  In  this  case  the  aflfection  of  the  8i)inal  accessory 
nerve  is  undoubtedly  nuclear  and  the  nerve  is  involved  with  many 
other  nerves,  especially  those  arising  from  the  cervical  enlargement 
of  the  spinal  cord.  The  diagnosis  of  amyotrophic  lateral  sclerosis 
is  indicated  in  this  case  by  the  muscular  atrophy  of  the  upper  limb 
and  shoulder  girdle,  by  the  spastic  and  feeble  gait,  by  the  absence  of 
sensor^'  symptoms,  and  by  the  exemption  of  the  bladder  and  rectum. 
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Torticollis. 

spasmodic  affection  of  the  muscles  supplied  by  the  Bpinal  \ 
sory  nerve  are  seen  esj-iecially  in  the  disease  known  as  torticollis  i 
wry-neck.     In  this  affection,  however,  it  is  not  uneommoii  for  i 
musi'les  beside  the  Btemomastoid  and  trapezius  to  be  affected; 
this  disease  cannot  properly  be  said  to  be  a  disease  exclusively  of  ( 
Hpinal  accessory  nerve.     As,  however,  it  is  shown  most  conspicuo 
iu  the  two  muscles  supplied  by  this  nerve  it  cannot  be  ignored  i 
discussing  the  pathology  of  the  eleventh  ner\^e. 

Spasm  of  the  steniomastoid,  tiapeziuSj  and  associated  muscles^ 
the  neck  is  an  obscure  affection  so  far  as  its  essential  causes 
pathology  are  concerned.     It  has  been  attributed  to  cold,  to  o^ 
exercise,  and  to  injury.     The  relative  importance  of  these  canaes  caih] 
not  be  accurately  estimated  with  our  present  knowledge.     In  Bom 
cases  an  iuitial  stage  of  pain  and  stiffness  in  the  affected  niiiscla 
seems  to  indicate  that  the  lesion,  whatever  it  is,  is  irritative  or  iih 
flammator^^  iu  type. 

Wry-nei^k  or  torticollis  usually  begins  gradually ;  in  very  rue 
cases,  however,  there  may  be  a  sudden  explosion,  as  it  were,  of  the 
disease.  In  the  usual  form,  however,  there  may  be  an  initial  stage 
of  pain  and  tenderness  in  the  affected  muscles,  while  these  become 
stiff  and  the  heatl  consequently  is  held  in  an  awkward,  painful  pc«i- 
tioii.  This  spastic  or  toiii*^  stage  after  a  while  gives  way  to  the  inter- 
mittent or  paroxysinal  sttige,  although  the  exact  ty|>e  varies  in  differ- 
ent cases.  In  some  cases,  for  instance,  there  is  always  more  or  le^a 
spasticity  and  I'cmtracture  of  the  affected  muscle,  and  this  is  aggra- 
vated at  short  iiitorval^  by  ]>aroxyHras  in  which  the  muscles  contract 
even  to  tlieir  full  extent.  In  other  ciiaes  the  type  is  more  purely  in- 
ter in  it  teut  or  i>aroxysmal.  The  contraction  may  almost  if  not  qmk 
relax,  the  patient's  head  asHumes  a  normal  ptisition,  then  in  a  few 
moments  the  muscles  V>egiu  again  to  contract,  passing  through  » 
full  stage  of  extreme  pliysiologit^al  activity.  In  some  CAses  this 
contractif)U  is  steady  and  tonic;  in  others  it  is  clonic,  the  muscles 
jerking  the  head  in  a  series  of  short,  even  rhythmical  contrac- 
tions. 

The  ex^vct  muscles  affected  in  torticollis  vary  greatly.     As  a 
however,  one  or  other,  or  both  muscles  supplied  by  the  spinal  a 
sory  nerve  are  involved.     The  disease,  iu  fitct,  may  be  said  to  e: 
its  greatest  force  through  this  nerve.     In  many  cases,  however, 
not  confined  to  them,  other  muscles  of  the  neck,  face,  shoulder, 
even  upjier  arm  l>eing  implicated.     Occasionally  it  is  confined  to  on 
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muscle ;  when  this  is  the  case  the  muscle  iDVolved  is  usually  the 
leidomastoid. 

The  »ympfoms  depiend  upon   the  muscles  involved.     When   the 

lemocleido mastoid  is  the  chief  muscle  ai£fected  the  head  Ib  drawn 

own  wards  and  backwards  and  towards  the  affect-ed  side,  while  the 

lin  is  protruded  forwards  and  upwards  towards   the  other  side. 

rben  the  trapezius  is  involved  the  shoulder  is  somewhat  elevated 

nd  the  heiid  drawn  still  further  backwards.     Double  torticollis,  in 

'hich  the  muscles  on  both  sides  are  involved,  is  occasionally  seen, 

this   form  the  head   is  drawn   directly  backwards   towards  the 

ihoulders,  the  face  being  held  upwards.     This  ie  called  retrocoUic 

l|»aBm  and  is  usually  seen  in  children.     It  is  associated  with  other 

Ijinptoms  of  brain  disorder  and  m  probably  due  to  meningitis  or 

lome  irritative  lesion  at  the  base  of  the  brain  or  in  the  cerebellum. 

As  a  rule  torticollis  is  not  paiufuL  In  most  casee,  however,  it  is 
naturally  aasoi^^iated  with  great  mental  depression,  as  the  patient  is 
Bot  only  annoyed  by  it  but  in  even  prevented  from  attending  to  many 
of  the  ordinary  avocations  of  life. 

In  eases  which  begin  early  in  life  there  is  often  an  apparent  de- 
fonnity  in  the  side  of  the  head  and  neck.  Wilks  claimed  that  facial 
asymmetry  may  be  seen  on  the  contracted  side.  This  side  of  the 
bead  seems  to  be  smaller  than  the  other  and  the  eye  to  be  lower 
(Hamilton). 

Tlie  course  of  torticollis  is  usually  obstinate  ami  progressive. 
The  prognosis,  however,  especially  in  young  jiersona,  is  not  neces- 
Harily  bad.  Recovery  occasionally  occurs  under  judicious  treatment 
or  even  sijoutaiieously. 

The  iKithohijy  of  torticollis  is  as  }'et  quite  obscure.     The  disease 

is  usually  claimed  to  lie  due  to  some  affection  of  the  spinal  accessory 

nerve,  but  as  it  fre<|uently  extends  and  involves  muscles  not  su]>plied 

bj  this  nerve  this  ex[)lanation  is  not  tenable  in  all  cases  at  least. 

EiplaDati*in  lias  lieeu  sought  in  the  ptyHsible  irritation  ul  the  nerve 

roots  or  the  intracranial  course  of  the  nene  trunk  l»y  meningitiH,  but 

oWrvations,  as  a  rule,  are  lacking  in  confirmatinn  r^f  this.     It  has 

wen  Ijeen  suggested  by  some  that  the  lenion  in  Nonic  cases  may  be 

cortical;   in   other  words,   that  the  motor  centres  for  the   atfcfted 

m\^\o,  ill  tl^e  brain  cortex  may  be  involved,  lait  tliiw  exphmation  is 

»'gely  upon  sijeculation.     In  a  very  few  cases  autupny  has  re* 

ne  gross  lesion,  such  as  meningitis  or  a  tumor  ujion  or  within 

11a.     Such  cases,  however,  are  atypical.     In  the  great  ma- 

asea  autopsy  has  revealed  nothing.     It  is  even  iiossible  that 

may  be  in  the  muscles  themselves,  acting  as  an  irritant  on 

endings. 
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The  ftrattntitt  of  t^irticoUis  with  drugH  ia  often  niosi  uniiatiiifM* 
tor}'.  Morphiue,  geLsemium,  coDium,  c^iiiDJibis  iDiUcTa,  chloml,  the 
bromides,  and  other  Hedatives,  give,  as  a  rule,  only  temporary  relief. 
The  danger  frc»m  their  use  is  that  the  i*atieut  may  liecfuae  liddicted  fa 
them.  This  i&  true  especially  of  morpliine  and  chloral,  GehaniitiiEi 
IB  highly  lauded,  Imt  ib^  value  haa  been  diHtinetly  overestimaied.  In 
early  cases  i>erfeet  rest  in  l>ed  should  lie  enjfuneil  for  a  long  time. 
This  gives  the  muscles  complete  rest  and  is  a  useful  adjuvaai  to 
dnigs.  Electricity  is  nf  ij*»  value  whatever  in  this  diaeaae.  Appfr^^ 
ratiis  iiiteuded  to  hold  tlie  head  frircibly  at  rest  may  aeem  to  do  tem* 
porary  gtxxl,  but,  as  a  rule,  such  apparatus  caimot  be  worn  for  a 
long  ]»eri<ML  It  will  not  st<>p  the  spasm  ainl  lit^comes  very  irksoniA 
to  the  (tatieiitaud  irritating  to  *lie  paiis  upon  which  it  makes  efficieal 
pressure.  Surgery  offers  relief  in  some  of  these  caaee*  The  tendooa 
of  the  affected  muscles  have  been  divided  in  some  oases  with  beoe^ 
fit  The  most  ctmmion  operation  is  division  of  the  spinal  aooesRonr 
tierre;  in  some  easas  the  nerve  has  Iieen  merely  stretched.  Acconliog 
to  Keen""  the  nerve  may  lie  reached  by  an  incisi<m  either  along  the 
anterior  or  iM)sterior  bortler  cif  the  slernttcleidomiwtoid  mumde.  Keen 
has  also  ijerfonned  resec^ticm  of  the  posterior  cen  ical  ner\*»«  for  torti* 
cxdlis.  In  three  of  Ids  (onr  cases  the  result  has  been  g«M>d,  These 
nanres  8up[)ly  the  spleuius,  the  rectus  capitis^  and  the  oblii|uus  infe^ 
rior  muscles.  The  o^>eration  is  somewhat  complicate<l  and  need  i]o4 
be  deseriliod  here  in  detail.  From  what  has  l>een  said,  it  follows  thai 
divisicin  of  the  spinal  accessf»ry  nerve  alone  is  not  sufficient  in  euie 
torticollis  in  all  cases.  This  is  because,  as  already  explained^  llie 
disease  is  not  always  confined  to  the  muscles  supplied  by  thia  nerve* 


Diseases  of  th©  Twelfth  Nerve, 


I 


The  twelfth  or  hypoglossal  ner\e  is  exclusively  motor  and  in  sniv 
pUe<l  to  all  the  muscles  of  the  t<mgue.  Its  deep  or  nuclear  origin  is 
in  the  gray  substance  of  the  medulla  oblongata,  just  beneatl)  the  door 
of  the  fourth  ventricle  close  to  the  median  line.  The  cells  of  origiii 
of  the  nerve  are  of  the  motor  tyi>e.  Their  axis  cylinders  paas  iraoa^ 
versely  forward  and  through  the  medulla,  pawsiug  through  a  portion  of 
the  olivary  body,  and  leave  the  bulb  by  the  fissure  between  the  py^ra- 
mid  and  the  olive,  Tlie  protoplasmic  processes  of  these  <^I1  bodies 
{i.e.,  the  dendrons)  interlace  with  each  *»ther,  and  the  more  internal 
ones  interlace  w4th  those  of  the  opposite  side,  constituting  thus  a 
commissure  Ijetween  the  neuclei  of  the  two  nerves  analogous  to  that 
which  is  found  between  the  multii)olar  cells  of  the  spinal  aervH 
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(Tad  Gehnchten).    The  nerve  fibres  in  these  two  nuclei  form  a  dense 
plexus  and  are  no  doubt  in  part  the  terminal  and  lateral  arboriza- 
tions of  fibres  coming  from  other  systems  of  neurons  deeper  within  the 
nerroiis  system  to  put  these  in  contact  with  the  peripheral  motor 
nearons  of  the  hypoglossal  nerve.     Many  of  these  doubtless  are  the 
tenninatioiis  of  the  axis  cylinders  coming  by  way  of  the  pyramidal 
tract  from  the  motor  ceUs  of  the  cerebral  cortex  of  the  opposite  side. 
Other  of  these  fibres  probably  form  connections  with  sensitive  tracts 
having  relations  with  the  pneumogastric,  the  glossopharyngeal,  and 
die  trigeminal  nen^es.    According  to  Van  Gehuchten  it  is  not  yet 
proved  whether  or  no  there  is  any  decussation  between  the  fibres  of 
the  hypoglossal  nerves.     Such  decussation  does  not  exist  between  the 
motor  spinal  nerves.    Duval  and  EOlliker  deny  such  a  decussation 
for  the  hypoglossal  nerve. 

Froriep  and  Beck'*'  claim  to  have  found  a  well-marked  dorsal 
root  for  the  hypoglossal  nerve  in  artiodactyles,  camivora,  and 
some  other  groups.  This  root  is  much  reduced  in  size  in  certain 
other  groups,  and  is  absent  in  some.  The  hypoglossal  nerve  thus 
reaembles  a  si)inal  nerve.  The  first  cervical  nerve  shows  a  poorly 
developed  dorsal  root.  These  authors,  however,  do  not  claim  that  a 
dorsal  or  sensory  root  to  the  hypoglossal  nerve  is  found  in  man. 

The  superficial  origin  of  the  hypoglossal  nerve  is  by  ten  or  twelve 

small  fasciculi  which  issue  from  the  medulla  oblongata,  as  already 

said,  in  the  fissure  between  the  pyramid  and  the  olive.     These  unite 

to  form  two  main  roots,  which  i)enetrate  separately  the  dura  mater 

and  then  unite  to  form  one  nerve  trunk,  after  their  passage  from 

the  skull  by  the  anterior  condyloid  foramen.     The  nerve  descends  in 

the  neck  to  a  level  with  the  angle  of  the  jaw  in  close  proximity  to 

the  pneumogastric  nerve.     It  then  passes  forwards  close  beneath  the 

occipital  artery  and  to  the  outer  side  of  the  common  carotid.     Its 

terminal  muscular  branches  are  distributed  to  the  styloglossus,  hypo- 

glossus,  and  geniohyoid  muscles. 

The  anastomosing  branches  of  the  hypoglossal  nerve  are  as  fol- 
lows :  First,  with  the  superior  cervical  ganglion  of  the  sympathetic; 
sc>coud,  with  the  plexiform  ganglion  of  the  pneumogastric  nerve; 
third,  with  a  loop  joining  the  first  two  cervical  nenes.  According  to 
HoU,  quoted  by  Van  Gehuchten,  this  anastomosis  carries  fibres  from 
the  cervical  nerves  to  the  hypoglossal  nerve,  and  these  probably  pass 
to  the  thyrohyoid  and  geniohyoid  muscles.  Fourth,  there  is  an  an- 
astomosing branch  with  the  lingual  or  gustatory  branch  of  the  fifth 
nerve.  It  is  from  these  numerous  anastomoses  that  the  hypoglossal 
nerve,  originally  motor,  receives  sensory  filaments. 

The  principal  branches  of  the  hypoglossal  nerve  are  the  descend- 
Vou  XI.— 15 
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iug  branch  (called  l\v  Eugliah  anatomiBts  the  iUscenAffis  ftani)^  tim 
reiiirring  branch,  the  branch  to  the  anterior  belly  of  the  omohyoid, 
a  branch  to  the  thyrohyoid,  and  a  branch  Uy  the  geniohyoid*  FiD«Uy 
its  terniinal  brandies  pass  to  all  the  muscles  of  the  tongiie. 

From  ihiH  distribution  it  is  seen  that  the  hypogloesal  nerve  is  the 
motor  nerve  not  only  of  the  tongue  but  of  some  of  the  mui-icles,  both 
elevator  and  depressor,  of  the  hyoid  Ijoue,  The  tilm»«»  htiweii>r» 
which  supply  the  depressors  of  the  h^oid  bone  are,  according  to  Holl» 
as  already  said,  not  deriveil  from  the  hypoglossal  nucleus  but  (rotD 
the  tirst  two  cervical  nerves.  The  action  of  theiMS  various  munel^s 
is  first  to  move  the  tongue  in  ditferent  directions,  both  protmaiaii 
and  retraction,  and  also  in  its  various  movement**  io  the  actions  of 
rolling  the  bolus  in  the  mouth  during  chewing  and  swallowing; 
second,  to  depress  and  elevate  the  hyoid  bone  in  the  movementB  of 
deglutiticm. 

The  iiyiioglossal  nerve  may  be  affected  by  various  diaeiises  and 
at^cidents.  Its  nucleus  in  the  naedulla  oblongata  may  Ije  the  aeal  of 
degenerative  changes,  but  these  are  usually  associated  with  aimilAr 
cluiuges  in  the  nuclei  of  other  nerves,  especially  tlie  glossopharyngeal* 
This  degeneration  is  seen  eapecially  in  the  affection  known  as  Imbio- 
gh>sso- pharyngeal  paralysis*  The  nucleus  of  the  nerve  may  aluo  be 
involved  by  hemorrhages  or  tiuuors  in  the  lucduUa,  The  fibree  of 
origin  of  the  nerve  may  be  involvetl  in  meningitis,  especially  syphi' 
litic,  and  by  tumors  or  caries  of  the  Inme  at  the  base  of  the  brain  nvnr 
the  exit  of  the  nerve,  The  trunk  of  the  nerve  after  it  t>aMses  through 
the  cranium  may  be  injurecl  by  wounds  and  by  various  surgical  lesiooe 
of  the  neck,  as  tumors,  abscesses,  eie.  The  trunk  of  the  uene,  how- 
ever, is  rarely,  if  ever,  the  seat  of  either  a  simple  or  8i)ecitic  neuritis. 
The  tongue  is  not  infrecpiently  paralyzed  by  cranial  lesions  above  the 
nucleus  of  the  liypf»glc>ssal  nerve  in  the  meilulla.  For  instaDce,  one- 
half  is  not  infrequently  paralyzed  in  hemiplegia  from  hemofdiege 
or  embolic  softening  involving  the  motor  fibres  in  the  internal  cepeole* 
liut  all  such  civses  must  be  distinguished  from  those  that  ariae 
frnni  strictly  i>eri|>hend  lesions,  which  alone  concern  us  li^n*. 

The  Hifmphnm  of  involvement  of  the  uucleus  or  trunk  of  the  hypo- 
glossal nerve  are  paralysis  of  the  side  of  the  tongue  to  which  the 
nerve  is  supplied*  The  paralysis  is  entirely  motor,  ba  the  hypo- 
glossal nerve  suijplies  no  sensory  fibres  to  the  tongue  or  uetgh- 
iKiring  parts.  When  one-half  of  the  tongue  is  paralyzed  the 
symptoms  are  highly  characteristic  and  easily  recognized.  On  pio- 
truBXon  the  tongue  deviates  towartls  the  imralyzed  side.  This  in  for 
the  obvious  reason  that  the  unopposed  muscles  of  the  unpanUyaed 
Side  push  the  tongue  not  only  out  of  the  mouth,  but  being  tioop* 


DISEASES  OF  THE  TWELFTH  NERVE.  243 


poeed  propel  it  towards  the  side  of  the  lesion.     The  movements  of 
the  tongue  within  the  mouth  are  also  conspicuously  embarrassed. 
.     The  moTement  of  the  paralyzed  side  is  of  course  defective.     Chewing 
I     is  done  awkwardly  because  the  patient  cannot  keep  the  food  between 
the  teeth  on  the  unparalyzed  side.     Still  in  some  cases  this  defect  is 
not  8o  apparent  as  would  be  supposed.     Swallowing  may  also  be  done 
awkwardly,  for  the  reason  that  the  tongue  cannot  propel  the  food  with 
its  normal  strength  and  precision  into  the  pharynx.     In  swallowing 
liquida,  especially  in  the  act  of  sucking,  this  deficient  power  of  the 
Aoogne  may  be  more  apparent.     In  cases  of  nuclear  degeneration  of 
the  hypoglossal  nerve  the  lesion  is  almost  without  exception  bilateral. 
In  these  cases  the  tongue  lies  inert  and  flabby  on  the  floor  of  the 
■KHith   and  all  its  normal  activities  in  chewing,    swallowing,  and 
articnilation  are  impaired.      Sx)eech  under   these  circumstances   is 
much     interfered  with,   all  the  sx>eech  sounds    depending  on  the 
psoper  use  of  the  tongue  being  of  course  abolished  or  almost  abol- 
ished.    Finally  in  i)eripheral  lesions  of  the  hypoglossal  nerve,  i.e., 
in  lesions  of  its  nucleus  or  trunk,  trophic  changes  occur.     The  tongue 
y  becomes  fissured  or  puckered  into  folds,  and  its  electrical  re- 
are  altered.     Thus  in  severe  cases  faradic  contractility  may 
be  entirely  abolished,  but  the  reactions  of  degeneration  to  galvanism, 
ahhoogh  probably  present,  are  rather  difficult  to  demonstrate.     Taste 
is  not  troly  abolished  by  paralysis  of  the  hypoglossal  nerve,  but  it  is 
somewhat  blunted  by  the  inability  of  the  tongue  to  roll  sapid  sub- 
aisnoee  over  its  surface. 

£.  Ballard  *''*  relates  a  case  of  paralysis  of  the  hypoglossal  nerve 
followed  by  sloughing  of  the  tongue.  The  patient,  an  old  man  aged 
aerenty-eight,  had  a  sudden  paralysis  of  the  right  side  of  the  tongue 
associated  with  speech  defects  and  occipital  pain.  Extensive  slough- 
ing, which  resulted  in  loss  without  hemorrhage  of  the  entire  right  side 
of  the  tongue,  occurred.  The  patient  eventually  recovered.  No 
mention  is  made  of  hemiplegia,  but  the  case  is  rather  imperfectly 
reported.  The  presence  of  aphasic  symptoms  would  indicate  a 
central  lesion,  but,  on  the  other  hand,  the  rapid  and  extensive  slough- 
ing of  the  tongue  would  seem  to  indicate  an  involvement  of  the  hypo- 
^oesal  nerve  or  its  nucleus. 

Habershon'**  reports  a  case  of  cancer  of  the  cervical  vertebrae  with 
pmlysis  of  the  right  hyi)oglossal  nerve.  The  patient  protruded  the 
tongue  towards  the  paralyzed  side,  and  that  side  of  the  tongue  was 
flaccid  and  wrinkled.  She  had  difficulty  in  managing  her  food.  She 
WM  obliged  to  keep  it  in  the  middle  of  the  mouth ;  if  she  let  it  pass 
lo  the  side  her  tongue  could  not  deal  with  it.  The  sternohyoid  mus- 
cle on  the  right  side  was  also  paralyzed.     This  was  especially  notable 
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nudei  of  some  of  the  other  bulbar  nerves.  The  cardinal  distinction, 
finidlj,  of  a  nuclear  or  peripheral  lesion  of  the  hypoglossal  nerve  is 
the  muscular  atrophy  associated  with  the  reactions  of  degeneration. 

The  progiums  in  any  case  of  paralysis  of  the  hypoglossal  nerve 
depends,  of  course,  upon  the  nature  of  the  lesion.  As  a  general 
role  the  prognosis  of  the  peripheral  palsy  (of  which  we  here  alone 
speak)  from  whatever  cause  is  unfavorable.  Nuclear  degeneration  of 
tlie  hypoglossal  nerve  as  it  occurs  in  labio-glosso-laryngeal  paralysis 
w  an  inveterate  and  progressive  malady,  and  as  a  rule  is  but  little 
influenced  by  any  treatment.  In  gross  lesion  at  the  base  of  the  brain, 
as  tumor,  hemorrhage,  bone  disease,  and  meningitis,  the  prog- 
is  also  necessarily  unfavorable.  Even  in  syphilitic  meningitis 
treatment  is  often  disappointing. 

In  cases  of  surgical  lesions  of  the  neck  involving  the  hyi)oglossal 
nerve,  the  ireabneni  of  course  will  be  surgical,  according  to  the  nature 
of  the  lesion.  If  it  is  thought  worth  while  to  apply  electricity,  this 
can  be  done  by  means  of  an  appropriate  electrode  introduced  into  the 
moatti  and  pressed  directly  upon  the  tongue.  Strychnine  is  possibly 
m  osefol  drug  in  some  cases  of  nuclear  degeneration,  but  it  too  is 
often  disappointing. 


DISEASES  OF  THE  SPINAL  NERVES. 

Morphological  Note. 

The  spinal  nerves  present  a  special  type,  in  this  respect  differing 
from  most  of  the  cranial  nerves.  This  type  consists  in  their  having 
anterior  or  ventral  and  posterior  or  dorsal  roots.  The  anterior  root 
18  composed  almost  entirely  of  motor  fibres,  which  are,  in  fact,  the 
axis  cylinders  of  a  series  of  peripheral  motor  neurons,  whose  cell 
bodies  are  located  in  the  anterior  horn  of  the  gray  matter  of  the 
spinal  cord.  The  posterior  root  presents  on  its  trunk  a  large  gan- 
glion, and  is  composed  almost  exclusively  of  sensory  fibres,  which  are 
the  axis  cylinders  of  a  group  of  peripheral  sensory  neurons  which 
are  located  in  this  ganglion.  Thus  the  anterior  and  posterior  roots 
differ  from  each  other  both  in  their  functions  and  in  the  point  of 
origin  of  their  fibres,  the  motor  cells  being  located  within  the 
spinal  cord,  while  the  sensory  cells  are  located  outside  of  the  spinal 
cord  in  the  ganglion  of  the  i)osterior  root.  Although,  as  just  said, 
the  anterior  root  is  essentially  motor,  yet  it  must  be  recalled 
that  a  few  sensory  fibres  are  included  in  it,  which  are  derived  from 
the  ganglion  on  the  i)osterior  root  and  which  reach  the  anterior 
root  by  way  of  the  junction  of  the  two.    The  anterior  and  posterior 
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roots  unite  a  short  distance  af^^e^  leaving  the  spinal  cord,  to  fonn^ 
common  nerve  tmnk.     This  junction  is  peripheitwl  to  the  ga 
til©  posterior  root,  which  is  situatetl  just  within  the  inter 
foramen.      The   only  exce[)tion   to   the  general   plan  or  typ0J 
desc rilled  is  in  the  posterior  root  of  the  first  cer\'ical  nerve,  i 
frequently  lias  no  ganglion  ui>oii  it  (Gray),     As  noted  above,  Fn 
and  Beck  have  found  a  posterior  or  dorsal  root  of  the  hvf 
nerve  in  certain  animals,  and  there  i^^  also  a  tendency  of  the  fiist^ 
vical  ner^'e  to  develop  this  root  imperfectly. 

The  motor  neurons  whose  fibres  form  the  anterior  root  have! 
ceO  bodies  in  the  anterior  horn  of  the  gray  matter  of  the  spinal  ( 
The  axis  cylinder,  leaving  its  cell  body,  pushes  fori^ards  tliraugb^ 
white  matter  and  appears  upon  tlie  anterolateral  surface  of  the  < 
whence  it  is  continued  through  the  ner\'e  tnmk  to  its  point  of  c 
bution  in  the  muscle.     Its  dendritic  or  protoplasmic  proce*i8es, 
anastomosing  with  those  of  its  fellows  in  the  spinal  cord,  com 
the  recei>tive  fibres  for  the  set  of  deeper  neurons  whose  cell  1 
are  located  in  the  braiti  cortex.     Some  of  these  dendrons  p«88ta| 
opposite  side  of  the  cord  through  the  anterior  white  commiBi 
thus  establishing  connections  but  not  tnie  anastomoses  with  thei 
cells  of  the  two  sides  {Van  Gehochten,  KOlliter,  Ramon  y  Cajal).  | 

Tlie  sensory  neurons  whose  axis  cylinders  constitute  the  ] 
rf>ot  have  an  entirely  different  origin  from  the  motor.  Thdf  ^ 
bodies  are  located  in  the  ganglion  on  the  posterior  r<K>t. 
cell  Ixxly  in  this  gangHou  the  neuron  projects  its  axis  cylinderl 
wards  in  the  jxistpnor  root  into  the  Biiinal  cord.  Towards  i 
ppri]>her\'  it  projeciH  another  process,  which  is  also  morphnlo 
like  a  medulla  ted  axis  cylinder,  and  this  conatitutes  a  senaorf  1 
in  the  spinal  uen^e  and  [ytmses  to  its  point  of  distribution  m\ 
skin  or  iinieous  membrane-  When  the  axis  cylinder  of  tie  ( 
neuron  passes  into  the  posterior  column  of  the  cord,  it  difi 
into  two  branches,  one  of  which  ascentls  and  the  other  de 
These  fil>res  are  variously  distiibiited  in  the  central  uer\'ous  sys 
S*)vne  i>ass  into  the  posterior  gray  horn.  The  longer  tracts  i 
wards  through  the  column  of  Biirdach,  and  then  into  the  coh 
Goll,  and  thus  tn  the  nuclei  of  the  jvosterior  columns  of  thei 
(Jakob).  Tliese  nuclei  are  the  starting-point  for  a  n 
8j>us(jry  neurons,  whose  axis  cylinders  are  projected  upis 
braiu  mass*     The  ^^  from   the  cell  bt>dy  o 

ueuron  in  tb'  >r  root  towards 

coDstitutef  fibre  of  the  n 

is  meduJ  les  a  motor 

Some  h;  it  this 
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the  dendron  of  the  sensory  neuron.     It  may  be  recalled  here  that 
Ijeoliossek  demonstrated  that  the  sensory  neuron  in  the  earthworm 
is  located  just  within  the  epithelium  of  the  skin,  and  that  conse- 
qafintlj  its  axis  cylinder  is  properly  the  fibre  which  extends  from  this 
eell  body  towards  the  central  Benroua  maases. 
Bj    analogy  it  would 
aeem  that  the  true  axis 
CTlmder  of    the  peri- 
pheral sensory  neuron 
in  the  higher  animals 
is      the      prolongation 
from   the  posterior 
ganglion    into    the 
spinal  cord,   and    not 
the     fibre    from    this 
ganglion    through  the 
nerve  trunk  to  the  periph 
the  xx^^terior  roots  are  described  as  es- 
sentially  sensory,  it  must  be  recalled 
that  they  contain  some  fibres  from  cell 
bodies  located  in  the  posterior  horn  of 
the  spinal  cord,  and  that  these   fibres 
shonld  be  considered,  according  to  Yan 
Gehnchten,    as    centrifugal    or    motor 
fibrps. 

The  spinal  nerves,  formed  as  just  de- 
scribed from  their  posterior  and  anterior 

roots,  pass  through  the  intervertebral 

foramina  to  their  places  of  distribution. 

There  are  thirty-one  pairs  o£  these 

spinal   nerves,  which  are  divided 

by  anatomists  into  groujjs  as  fol-    ^^ 

lows:     Cervical,  eight  pairs;  dorsal,  twelve 

pairs ;  lumbar,  five  pairs ;  sacralp  five  pairs ; 

coccygeal,*  one  pair. 

Each   group  corresponds  in  name  and  ^o-  S9.— DiAKram  showing  the 

number  with  the  vertebrae,  with  two  excep-     t^Z'ZZ"  af^^X^erT 

tioDfl.     The   cervical   group,   for   instance, 

comprises  eight  pairs.     This  is  due  to  the  fact  that  the  first  pair  of 

spinal  nerves  is  included  in  this  group,  although  it  leaves  the  spinal 

canal  between  the  occipital  bone  and  the  arch  of  the  atlas,  thus  giving 

•Th«p»  are  in  reality  three  pairs  of  coccygeal  nerves,  but  two  of  them  are  rudi- 
■wniary  and  are  only  microacopic  in  size. 


.Lumbar 


Sacral 


5.< 
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to  the  group  one  more  pair  of  nerves  than  there  are  cervical  Tert^ 
br»B.  AKaii],  in  tlie  coccygeal  region  there  in  but  one  pair  of  Derree^ 
and  not  a  pair  for  every  vertebra  in  the  ceiccyx. 

Tbe  trunks  of  the  s^jinal  nerves  do  not  all  eecajie  from  the  spiiial 
canal  exactly  at  a  level  with  tlieir  jiointe  of  origin  in  the  spinal  coiTi_ 
With  the  exception  of  the  first  imir  of  cervical  nerves,  they  all  bfl 
a  short  descending  intraspinal  conrse»  which  increases  in  length 
eac^h  pair  of  nerves  from  alKive  downwards.  Thus  the  first  pair  at 
cervical  nerves  passes  out  from  the  spinal  canal  between  the  occipital 
bone  and  the  arch  of  the  atlas  after  a  very  short  almost  trausvezvd 
oonrse  iic*ro«s  the  spinal  cavity,  but  tbe  second  pair  bends  sU^blljr 
downwards  l)efore  reaching  the  foramina  between  the  athiB  and 
axis.  The  third  pair  has  a  still  hmger  course  within  the  spiiud  < 
before  reat4iing  their  foramina,  and  so  on  down  the  whole  exteDl  of 
tbe  cord,  tbe  intraspinal  ct>arse  of  each  jwiir  l^eing  sligKtly  longer  tkma 
that  of  the  preceding  i>air*  In  the  lower  dorsal  and  esiiecially  in  tba 
himlmr  region  this  intraspinal  course  of  the  ner\e  trunks  tiecoiiMS 
quite  prolonged.  The  nerves  of  the  lumbar  enlargement  of  tbe  cord, 
in  fact,  have  such  a  long  intraspinal  course  l>efore  reaching  Ibeir  r^ 
sj>ective  foramina  tliat  they  quite  fill  up  tbe  lower  |iortion  of  tbe 
spinal  canal  far  lielow  the  termination  of  the  cord,  and  this  intrft- 
spinal  groni*  «»f  lumbar  and  sacral  nerves  is  eddied  tlie  t^wia  etpdna. 

The  cervical,  lumbar,  and  sacral  nerv^es  do  not  pass  directly  to 
their  |)oints  of  distribution,  but  in  each  groni*  the  members  unite 
with  each  otlier  to  form  a  plexus,  and  this  jjlexus  gives  origin  to  the 
various  nerve  trunks.  These  i>Iexuses  will  lie  demribeil  in  their 
pro[>er  places.  The  dorsal  nerves,  however,  do  not  form  a  fflextm, 
but  each  nerve  trunk  |>as8es  direi-tly  out  to  its  jioint  t^f  distributioti. 

The  course  of  tbe  spinal  nerves  within  the  spinal  canal  is  showti 
in  the  JK'coni]>anying  diagram  (Fig.  2*J).  This  intraspinal  course  of 
these  ner\es  must  l>e  thoroughly  nnderstooil  by  the  student  of  ner- 
vous disease,  in  order  that  be  nmy  l>e  accurate  in  loi*alizing  le^ 
sions,  Imth  in  the  spinal  cord  and  in  the  ner^^e  trunks.  It  will  be 
seen  that  prac^tically  n<me  of  the  spinal  nerves,  excepting  the  first, 
arises  in  the  spinal  cord  on  a  level  witli  its  iw^int  of  exit  from  the 
canal.  Thus,  for  instance,  the  fifth  c*endcal  nerves  originating  in 
the  fifth  spinal  segment  arise  fmm  the  cord  at  a  \H)iui  on  a  ]mwi 
with  the  space  between  the  third  and  fourtli  vertebras  l»^it  leai^  tlui 
spinal  canal  by  the  foramina  Ijetween  tbe  fouiib  and  fifth  vertebne, 
and  that  this  jioint  of  exit  fn>m  the  canal  is  still  some  distance  i 
the  spinous  ^irocess  of  the  fifth  vertebra.  Farther  down  the  cord  i 
intraspinal  course  is  much  prolonged.  In  the  dorsal  region  the  spi 
nerves  do  not  emerge  from  the  canal  until  they  have  gone  the  disi 
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dibnoBi  or  quite  the  length  of  two  vertebrsB.  In  the  hunbar  cord 
this  intraspinal  course  is  still  greater.  The  cord  itself  terminates  at 
i  point  midway  between  the  first  and  second  lumbar  spines,  but  the 
hmbar  and  sacral  nerves  pursue  a  long  course  from  this  point  through 
the  lower  end  of  the  spinal  canal  until  they  reach  their  resx)ective  fo- 
runina.  From  this  arrangement  it  is  seen  that  some  diseases  within 
the  spinal  canal,  especially  at  its  lower  end,  are  practically  peripheral 
diaoiooo,  because  they  involve  the  trunks  of  the  nerves  and  produce 
trmptoms  exactly  similar  to  those  that  are  produced  by  lesions 
oataide  of  the  spinal  canal. 


LOCALXZATION  OF  THE  FUNCTIONS  OF  THE  SEGMENTS  OF  THE  SpINAL  CoRD. 


MofldM. 


Reflex  and  Oentres. 


Sensation. 


and 


fVch 
caL 


ith  oer 


Rectua  Uteralia. 
Rectua  capitis. 
▲Dttcns  and  postieas. 
Starnobyoid. 
Sternotbjrrold. 

Steraomastoid. 
TrM>esius. 
Soafeniand  neck. 
OmobToid. 
Diaphiaicm. 

Diaphrainn. 

Deltoid. 

Bicepa. 

Ooracobrachialis. 

Supinator  longus. 

Rhomboid. 

Supra-  and  infraspl- 


Deltoid. 

Bio-pa. 

Ooracobrachialis. 

Brachialia  anticus. 

Supinator  lonjnis. 

Supinator  brevis. 

Deep  muRcks  of  shoul- 
der blade. 

Rhomboid. 

Teres  minor. 

Pectoralis  (davicular 
part). 

Serratus  ma^us. 

Deltoid. 

Bioena. 

Bracnialis  anticus. 

Subscapular. 

Pectoralis  (clavicular 

part) 
Serratus  maffnus. 
Tricepa 
Pronators. 
Bhomboid. 
Latissimus  dorsi. 

Trioepe  (Ions:  head). 
Extensors  of  wrist  and 

fingers. 
Pronators  of  wrist 
Flexors  of  wrist. 
Subscapular. 
Pectoralia     (costal 

part). 
Serratus  macnus. 
Latiwlmiis  dorsi. 
Teres  major. 


Hjnpochondrium  (f). 

Sudden  inspiration  produced 
by  sudden  pressure  beneath 
the  lower  border  of  ribs. 


Pupillarr  (fourth  cervical  to 
second  dorsal). 

DOatation  of  the  pupil  pro- 
duced by  initaUon  of  neck. 


Scapular  (fifth  oerrical  to  first 
dorsal).  Irritation  of  skin 
over  the  scapular  produces 
contraction  of  scapular 
muscles. 

Supinator  longus. 

Tapping  the  tondon  of  the 
supinator  louRrus  produces 
flexion  of  foreann. 


Triceps  (flfth  to  sixth  cer- 
yical).  Tapping  elbow  ton- 
don produces  extension  of 
forearm. 

Posterior  wrist  (sixth  to 
eighth  cervical).  Tappinii 
tendon  causes  extension  oi 
hand. 


Back  of  head  to  vertex  and 
neck.  (Occipitalis  malor, 
occipitalis  nunor,  auncu- 
laris  magnus,  superflcialia 
colli,  and  supraclavicular.) 

Neck. 

Shoulder,  anterior  surface. 

Outer  arm.  (Supraclavicular, 
circumflex,  external  muaca- 
locutaneous,  cutaneous.) 


Back  of  shoulder  and  arm. 

Outer  side  of  arm  and  fore- 
arm  to  the  wrist.  (Supra- 
clavicular, circumflex,  ex- 
ternal cutaneous,  internal 
cutaneous,  posterior  spinal 
branches.) 


Outer  side  and  front  of  fore- 
arm. 

Back  of  hand,  radial  distri- 
bution. (Chiefly  cutaneous, 
internal  cutaneous,  radial.) 


Anterior  wrist  (seventh  to 
eighth  cervical).  Tapping 
anterior  tendons  causes 
flexion  of  wr<st. 

Palmar  (seventh  cervical  to 
first  dorsal).  Stroking  palm 
causes  closure  of  fingers. 


Radial  distribution  in  the 
hand. 

Median  distribution  in  the 
palm,  thumb,  index,  and 
one-half  middle  finger.  (Ex- 
ternal cutaneous,  internal 
cutaneous,  radial,  median, 
posterior  spinal  branches. ) 
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Localization  op  the  Fih^ctions  of  the  Segments  of  the   Spinal 

OomUnuad. 


B^maaL 


Eighth   c  e  r 


First  dorsal. 


Second  d o r* 

Hal 


SecoDd  to 
C  w  e  1  f  t  b 
doniftl. 


First  himbar,   N'ona. 


MusgIob, 


Triceps  (long  h^ad). 
Flexoifl  of  wriftt  and 

Angers. 
IntrlELsJc  haoa  tdMscIea 

Ext&nBOT^  of  tbumb. 
iDtrliiHic  band  mitflclei 
Ttinnar  and  hypothe 
nar  muBcIeai 


Miiscles  of  back. 
Eirectoraii  spliiffi. 


h&Hmx  and  centra. 


Reconii 
bar 

lUfll- 

TWrd    1 
bar. 

■ 
urn  ' 

Foiirih 

]|im> 

Firui 
bar. 

11  m  - 

Flmt  and 
iHMXMid  aa- 
i^ral. 


Vftd^tua  intemua. 


Sanoriu» :    adductors 

of  thigh. 
FleXLirnof  thl^h. 

Exten^iore  <»f  knt^. 
AildiietorB  of  thigh. 


i>ijtward  ro in  tors. 
Fli*xors  of  kne<^ 
Flexors  iif  aiikJt*. 
Feroiief, 
l!l3it^tUM>rs  of  toesL 


L'alf  musc'lea. 

TeronHj. 

Extensors  of  atik]«!». 
Sritall  riiiisieltw  of  ftwt. 


Epigastric:  (foyrth  to  nereuth 
dDCfial).  Ticltlitig  tnam- 
marjr  regioa  caiisis  retrac- 
tion of  the  eplgastrtum. 

AtMlominal  (aevetith  to  el«T- 
emh  dorBal).  Stroking  vide 
of  abdomen  caua^  retrac- 
tion of  belly. 

Vasomotor  centrefl.  Second 
domal  to  second  lumbar. 

Cremasteric  (ftnit  to  third! 
lumbar).  Stroking  innpr 
thigh  catiees  retraction  of 
»<:rotuiin. 

Patellar.  E^trikliifc  patella 
t«ndoQ  cauaea  ezteiulon  of 
leg. 


QluteaJ  t  fourth  to  afth  "lum 
bar>.  Stroking  buttock 
€auj»e9  dimpling  in  fold  of 
butl^ick. 

Achll]««  tendtjn.  Over-ex- 
teUtRion  cau-sea  rapid  flejt- 
ioQ  of  anklea,  called  ankle 
eloniuL. 


rtantar  (Afth  lumbar  to  sec- 
ODd  «acral>.  Tic^kling  sole 
of  foot  i^auaes  flexion  of 
toes  and  ri»traetion  of  leg. 


Third, fourth,    iVronei 


and     nfiii 
fuicral 


Muweliwi    of 
rtH'Uitii.    and 
nat  gt'iiital4». 


j  Genital  centre, 
bladder,  Vt^sical  centre, 
exter-   Anal  centra. 


Cltiar  area  of  hand, 
palm;  iUDtr  bord^-r  Mi 
ann.     (Intertuil  cuti 
ulnar,  > 

Chiefly  inner  side  of  fa 
and  arm    to  n«ar  "^ 
ilia.     (Citleflj  fati    ^ 
tanecMM  and  uerre dl 


Inner  side  of  arm 
in  ajcilla.     (Intereal 
huiueral.  ^ 

Skin  of  cheAt  and 
In    bands    runniag  < 
and  doiriiirmrds,o  ~ 
ing  to  aplnal  i 

Upper  gluc^ai  regloa. 
tercostals  and  dof^ 
lerlor  nerv^a,) 


Skin  over  grain  aod  1 
scrotum.     { Iliohj 
Ilioinguinal.) 


Outer  alfle  and  upper  f 
thigh.  Lumbar  reglo 
(Oenltocrural,  rxteri 
cutaneouj^i 

Front  and  outer  aide  «C1 
Inner  side  of  leir  aad  feoi^ 


Inner  side  of  thlgh«  lig 
fooL     (Internal  cutUM    . 
long  saph«noua«  obtumv.} 


Back  of  thigh  and  ontff 
of  Leg  and  aoUe;  a  ' 
sum    of     foot,      i 
popliteal*    «!Xt«mal 
nous , 
plantar.) 

Back  of  buttock  and  Llii|i^ 
side  of  leg  and  aakle;  iSi 
dorsum  or  foot. 


Oireumanad  regioD, 
tuni,  penin^  urethra, 
perleirum.      (Small 
pudic.     Inferior    ban*] 
itraldal,  inferior 


The  disti  ilviition  of  the  spinal  nerves  can  bo  best  showi] 
Uy  foriii.      Tho  nUm^  U\hh\  taken  fixnu    Dana    and  fonn 
i)l\servation.^  i^f  Stjiir.  Mills,  Tliorlnirn,  ami  otheiB,  gives 
tiouB  mei^ely  of  eiioh  |mir  of  rt^i\  ical  n**rvee  by  segments, 
loee  uot   show,   hi  taunts   which 
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iiidiTidiial  mnsclee  or  muscle  groups,  since  these  individual  nerve 
Cranks  arise  (except  in  the  dorsal  region),  not  from  the  roots  of  the 
sjimal  nerves  directly,  but  from  the  plexuses  which  are  formed  by  the 
junction  of  the  various  groups  of  nerves.  The  table,  however,  is  of 
^rmliie  to  the  student  of  x>cripheral  nervous  diseases  for  the  reason 
that  it  gives  the  relations  of  the  various  muscles,  reflexes,  and  areas 
of  sensation  to  the  various  spinal  nerve  roots.  Hence  it  indicates 
what  particular  groups  of  sensory  and  motor  neurons  preside  over  the 
varions  muscles,  reflexes,  and  sensory  areas. 

In  describing  the  diseases  of  the  spinal  nerves  I  shall  take  them  as 
nearly  as  possible  in  order  from  above  downwards.     The  plexuses 
formed  by  the  upper  cervical,  by  the  lower  cendcal  and  two  first  dorsal, 
bj  the  lumbar,  and  by  the  sacral  nerves  will  be  described  in  turn,  and 
the  diseases  which  affect  each  one  of  these  plexuses  as  a  whole  will  also 
be  described.     As,  however,  many  of  the  most  important  nerves  of  the 
body  arise  from  these  plexuses,  they  will  be  described  in  due  order 
rather  with  reference  to  the  plexus  from  which  they  arise  than  with 
reference  to  the  individual  spinal  nerves  through  which  their  fibres 
can  be  traced.     Thus  the  musculospinal  nerve  will  be  described  as 
one  of  the  branches  of  the  brachial  plexus,  and  the  sciatic  nerve  as 
one  of  the  branches  of  the  sacral  plexus.     No  special  attempt  will  be 
made  to  indicate  from  what  particular  segment  of  the  cord  these 
nerves  originate,  and  consequently  by  what  particular  spinal  roots 
they  leave  the  cord.     It  is  well  known  that  most  of  the  large  nerve 
tmnks  of  the  arms  and  legs  contain  fibres  from  several  segments  of 
the  cord,  and  that  consequently  they  cannot  be  described  as  originat- 
ing from  any  particular  spinal  nerve.     Moreover,  the  symptoms  of 
diseases  and  injuries  of  the  nerve  trunks  are  shown  entirely  in  their 
peripheral  distribution.     Consequently  their  aflfections,  to  be  thor- 
oughly understood,  do  not  require  as  a  matter  of  first  importance  an 
accurate  knowledge  of  the  location  of  the  cell  bodies  of  their  neurons 
in  the  spinal  cord  and  intervertebral  ganglia.     In  cases,  however,  in 
which  for  any  reason  it  may  be  necessary  or  desirable  to  trace  the 
exact  connection  of  any  particular  nerve  trunk  with  any  particular 
Bpinal  root  or  spinal  segment,  this  can  be  done  by  reference  to  the 
above  table. 

Diseases  of  the  Cervical  Plexus. 

The  cervical  plexus  is  formed  from  the  anterior  branches  of  the  four 
upper  cervical  nerves.  The  roots  of  these  four  cervical  neiTes  increase 
gradually  in  size  from  the  first  to  the  fourth,  and  the  posterior  roots 
are  much  larger  than  the  anterior  in  the  proportion  of  three  to  one, 
except  in  the  case  of  the  first  cervical  nerve.     This  proportion  is 
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much  greater  than  at  other  levels  of  the  cord  (Gray ).  £ach  ol  i 
cervical  tierveg  divides  as  it  passes  from  the  spinal  eaual  tulo  two 
branehf^s,  tin  Mnterior  anil  posterior,  aod  it  is  from  the  anterior  tluil 
the  cervical  plexus  is  formed.  The  chief  branches  of  the  oemoiJ 
plexus  go  to  the  skin  about  the  ueck  aad  occiput.  It  supplied  s  few 
muscleH  with  motor  nervee,  and  these  muscles  are  among  thcae  UiaI 
are  sometimes  aft'eetoil  in  torticollis.  Tlie  chief  branch  of  the  oenrkal 
plexus  is  the  phrenic  nerve,  which  is  supplied  to  the  diaphragm. 

DisejLses  of  the  cervical  plexus  as  a  wh<3le  are  very  rare.  These 
nerve  roots  and  the  jilexus  which  they  form  may  be  invr^lved  in  a 
numlM-r  of  lesions.  Caries  of  the  vertebne  or  at  the  base  of  the  skuU^ 
abeoesses,  tumnrs,  and  other  Hurgieal  lesions  such  as  wounils,  mi|$lil 
occasionally  involve  some  of  these  nerve  trunks.  They  are  involTied 
alsr»  sometimes  in  torticollis,  for,  as  already  expl&iiied«  this  rtiiinMt 
is  not  always  conSned  to  the  muscles  supplied  by  the  spinal  s-Of'WWf^rjr 
nerve.  In  some  general  diseases,  such  as  progressive  muscular  airo* 
pliy  and  amyotrophic  lateral  sclerosis,  tlie  muscles  supplied  by  all  Ilia 
cervical  nerves  may  l>e  involved.  OccHsionally  a  tonic  or  spaatic 
contraction  of  the  muscles  about  the  Uise  of  the  skull  is  seen.  Thia 
maj  be  caused  especially  by  meningitis.  The  nerve  trunks  forming 
the  cervical  plexus  may  also  be  involved  in  the  grave  forms  of  poai* 
cervical  neuralgia  presently  to  be  described. 

Biseases  of  the  Phrenic  Nerve, 

Tliis  nerve,  also  called  the  internal  resjuratory  nerve  of  BeU»  aciiifl 
from  the  third  nn^l  fuurth  cervical  nerves.  In  descending  through  iha 
neck  it  [Misses  lietwtM^n  the  subclavian  artery  and  subclavian  vein.  In 
the  cheat  its  most  important  relations  are  with  the  rcM>t  of  the  long, 
the  pericar<linni,  and  the  jileura.  Uf>on  reaching  the  diaphragm  it 
divides  and  itH  branches  separately  pierce  that  muscle,  to  be  distrib- 
uted to  its  under  surface  (Gray).  In  addition  to  its  terminal 
branches  in  the  diaidir*xgm  the  phrenic  nerve  gives  small  branched  to 
iliB  i^erirardium  and  pleura»  and  has  connection  with  the  sympathetic, 
and  with  the  fifth  and  sixth  cervic^d  nerves. 

The  phrenic  nene,  owing  to  its  deep  course,  is  well  protacted 
from  external  injury.  Still  it  is  occasionally  impaired  by  blows  and 
wounds  of  the  neck,  and  sometimes  in  surgical  operations  on  the«ie 
parts.  It  may  also  be  involved  in  caries  of  the  bones  of  the  spin«. 
It  is  rarely  if  ever  the  seat  of  inflammation  due  to  cold,  but  it  may  ha 
involved  in  multiple  neuritis,  especially  in  those  forms  due  to  diph- 
theria and  berilieri.  In  alcoholic  multiple  neuritis  the  phrenic  nerra 
is  possibly  also  sometimes  iovolved. 
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Poaralyms  dL  both  phrenic  nerves  causes  complete  paralysis  of  the 
diaphragm.  This  symptom,  although  quite  characteristic,  may  readily 
hd  overlooked.  As  the  diaphragm  when  paralyzed  fails  to  descend 
with  each  inspiration,  the  abdominal  contents  of  course  do  not  descend ; 
the  upper  i)art  of  the  abdomen  consequently  does  not  protrude,  but  is 
mictiTe  or  even  i)ermanently  retracted.  A  compensatory  action  of  the 
other  respiratory  muscles  is  sometimes  observed,  causing  increased 
activity  of  the  movements  of  the  upper  part  of  the  thorax,  hence  pro- 
dndiig  what  is  called  the  upper  costal  type  of  respiration.  Bilateral 
paralysis  of  the  phrenic  nerve  does  not  necessarily  embarrass  respira- 
tion while  the  patient  is  recumbent  or  inactive,  but  on  exertion  some 
dyspnoBS  results  and  even  feebleness  of  voice.  It  is  supposed  that 
this  paralysis  also  induces  congestion  of  the  base  of  the  lung.  Paraly- 
sis of  one  phrenic  nerve  causes  little  if  any  subjective  symptoms, 
and  may  be  overlooked  because  of  the  action  of  its  fellow.  But  close 
observation  will  usually  detect  impaired  movement  of  the  diaphragm 
(» the  affected  side.  In  multiple  neuritis  from  alcohol,  diphtheria, 
or  beriberi,  paralysis  of  the  phrenic  nerves  is  a  serious  complication. 
It  is  usually  associated  with  some  loss  of  power  in  the  other  nerves 
of  respiration — those,  for  instance,  supplying  the  thoracic  muscles. 
Under  these  circumstances  the  thorax  expands  but  little  if  any  during 
inspiration,  and  the  abdomen  does  not  protrude.  Danger  to  life  is 
great  from  congestion  and  oedema  of  the  lungs. 

The  diagnosis  of  imralysis  of  the  phrenic  nerve  must  be  made 
especially  &om  the  failure  of  the  descent  of  the  diaphragm.  This 
paralysis  must  be  distinguished  especially  from  hysterical  rapid 
respiration  and  from  diaphragmatic  pleurisy.  In  hysteria  rapid 
respiration,  which  is  rather  more  apt  to  occur  in  women  than  in  men, 
produces  the  upi)er  costal  type  of  respiration.  In  these  cases  there 
are  usually  other  hysterical  stigmata,  and  there  is  nothing  in  the  case 
to  indicate  a  cause  for  an  organic  lesion  of  the  phrenic  nerves.  More- 
over, there  is  no  true  dyspnoea  in  these  cases,  and  the  symptoms  are 
apt  rather  to  be  relieved  voluntarily  by  exertion  than  to  be  aggravated 
by  it.  That  no  true  paralysis  of  the  diaphragm  exists  in  these  cases 
can  also  usually  be  determined  by  securing  the  patieiits*  attention  and 
getting  them  to  draw  a  long  breath.  Diaphragmatic  pleurisy  is  asso- 
ciated with  acute  jjain,  and  close  observation  will  usually  determine 
that  the  immobility  of  tlie  diaphragm  is  caused  by  the  inhibitory 
action  of  this  pain.  Moreover,  the  history  of  the  case  and  the  pres- 
ence of  some  physical  signs  are  usually  sufficient  to  determine  the 
diagnosis.  Some  authors  have  described  a  degeneration  of  the 
diaphragm  itself,  but  this  condition  is  certainly  extremely  rare  and 
could  not  well  be  distinguished  from  paralysis  of  the  phrenic  nerve. 
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In  fact,  it  is  probable  that  degeneration  of  tlie  diaphrHgni  if  il  ever 
occui-s  i»  secondary  to  degeneration  of  the  phrenic  nerve  itself. 

Nt>  direct  or  speeilii*  ireaimefU  ia  available  for  paralyaifi  of  ihm 
phrenic  nerve.  Wlieii  this  jmridyniH  oi'curs  as  a  result  of  geuenl 
[Hjisoning  of  the  i>eripheral  nervous  system,  as,  for  instance,  by  alco^ 
hoi,  diphtheria,  or  the  ]K>isun  of  Ijeriberi,  the  treatment  for  the 
geuenil  con^lition  is  alone  jK>ssible.  This  will  be  descril>ed  in  the 
proi>er  i)lace.  Surgical  lesidus  recinire  surgical  treatment,  but  this  is 
often  inipractit^able  l>ecause  of  the  graWty  of  these  leeions  in  the  deep 
course  of  the  nen^e, 

Tlie  phrenic  nen^e  can  be  stimulated  with  electricity  by  prewtas 
one  electrode  deeply  down  l^ehind  the  iKtHterior  murgiu  of  the  lower 
end  of  the  steraocleidomastoid  muscle  aud  placing  tlie  other  ek 
trode  at  any  poiut  along  tbe  edge  of  the  rilm.     Treatment  with 
tricity,  however,  is  of  little  value  in  paralysis  of  the  diaphragm  froi^ 
any  cause  whatever, 

DiseaBes  of  the  Cervical  Nerves. 

A  grave  form  of  neuralgia,  sometimes  called  postcerv ical  neoTalgia, 
is  located  id  some  of  the  branches  of  tbe  u}>f)er  cervical  nerves^  TImi 
chief  of  these  branches  to  be  involved  is  the  (X'ci  pi  talis  major,  Thia 
is  largely  a  sensory  nerve,  8ui»plying  the  skin  of  the  scalp  as  far  up- 
wards and  forwards  as  the  vertex.  It  is  a  branch  of  the  second  cer- 
vical nerve,  and  arises  from  the  posterior  division  of  that  nerve  and 
oonseiiuently  not  from  the  cervical  plexus  proj^er.  It  is  a  very  large 
uerve  and  a  much  more  imiKjrtant  one  from  the  pathological  stainl- 
point  than  it  is  usually  considered. 

Neuralgia  of  this  greater  occii»ital  nerve  and  of  its  kindred 
branches  from  the  up|>er  cerYical  nerves  and  plexus  is  in  some  in- 
stances a  very  grave  affectiou.  The  pain  is  felt  esj^ecially  in  the  tli»* 
tribution  of  the  great  o<*cipital  ner\e,  t.e.,  over  the  occipital  and 
(MiHterior  parietal  regions.  As  in  all  grave  neuralgic  states,  however^ 
there  are  usually  some  points  of  extreme  sensitiveness,  and  these  exist 
esi>octally  where  the  nerve  trunk  and  its  main  branches  emerge  from 
the  deeper  regions.  The  principal  of  these  sfjots  aret  First,  where 
the  great  occipital  nerve  pierces  the  trapezius  muscle  near  its  attach-^ 
ments  to  the  skull ;  seeond,  in  the  space  between  the  trai^esdns  and 
the  stemomaBtoid  muscle»  where  deep  pressure  affects  the  cervical 
nerves;  third,  over  the  Ih>ss  of  tlie  v)arietal  bone,  where  the  nerve 
trunks  are  very  superficial  aud  eiisily  affected  by  pressure. 

The  character  of  the  pain  in  postcervdcal  neuralgia  is  almost 
severe  in  some  instances  as  that  which  affects  the  fifth  nerve. 
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role,  however,  it  is  i)aroxysmal.  It  is  a  rare  affection  as  compared 
with  either  trigeminal  neuralgia  or  sciatica.  It  is  sometimes  asso- 
cuited  with  contraction  of  the  muscles  of  the  nape  of  the  neck,  but 
this  contraction  is  probably  voluntary,  the  result  of  the  patient's 
effort  to  render  the  parts  immobile  and  thus  to  secure  as  complete 
rest  as  possible. 

The  causes  of  postcervical  neuralgia  are  frequently  difficult  to  de- 
termine. The  affection  has  sometimes  been  traced  to  a  sprain  or  a 
bmiae,  as,  for  instance,  from  lifting  or  caiTying  heavy  weights,  or  from 
a  blow.  In  one  very  marked  example  which  I  once  saw  the  par- 
oxysm always  appeared  at  the  menstrual  epoch  and  was  evidently 
psxt  of  the  nerve  storm  caused  by  dysmenorrhoea.  In  this  case  the 
pain  was  so  severe  as  to  cause  cries  of  distress  in  the  patient  and  to 
interfere  entirely  with  sleep  during  at  least  one  night.  This  form  of 
nenrmlgia  is  probably  associated  in  some  cases  with  a  gouty  or  rheu- 
matic diathesis. 

The  diagnosis  of  postcervical  neuralgia  is  usually  not  difficult. 
Mistakes,  however,  may  occur.     The  most  probable  error  would  be 
to  mistake  caries  of  one  or  more  of  the  upper  cervical  vertebrae  for 
simple  postcervical  neuralgia.     In  caries,  however,  there  is  usually 
stiffness  of  the  neck  caused  by  rigidity  of  the  muscles.     Pain  is  felt 
on  movement,  on  deep  pressure,  and  on  jarring  the  spinal  column 
by  causing  the  patient  to  rise  on  tiptoe  and  fall  suddenly  upon  the 
heels.     Moreover,  the  pain  of  spinal  caries  is  not  usually  so  remitting 
and  paroxysmal  as  iK)stcer\dcal  neuralgia.     When  once  established  it 
is  more  continuous  and  of  longer  duration.     Finally,  close  observa- 
tion will  usually  detect  beginning  deformity. 

The  treatment  for  postcervical  neuralgia  is  very  similar  to  that 
ie(|uired  in  other  forms  of  neuralgia.  Anodynes  will,  of  course,  be 
demanded  by  tlie  patient,  but  they  should  be  given  cautiously,  lest 
some  drug  habit  be  formed.  The  alterative  and  antirheumatic 
remedies  such  as  the  iodides  and  salicylates  should  be  given  a  trial. 
The  coal-tar  sedatives  combined  with  the  salicylates  are  sometimes 
efficacious.  Thus  in  one  case  I  knew  great  relief  to  be  secured  from 
small  doses  of  antipyrin  and  salicylate  of  sodium.  Morphine  given 
noder  the  skin  will  relieve  the  severe  pain  of  the  worst  paroxysms. 
In  some  cases  it  may  be  worth  while  to  try  active  counter-irritation ; 
a  fly  blister  is  the  best.  The  actual  cautery,  such  as  the  Paquelin,  is 
recommended  by  some,  but  is  certainly  a  heroic  remedy  for  this  dis- 
ease, especially  its  paroxysmal  and  remittent  types.  In  grave,  obsti- 
nately continuous  forms,  however,  in  which  no  other  remedies  avail, 
the  Paqnelin  cautery  might  be  used.  This  remedy,  as  is  well  known, 
•ometimes  gives  most  satisfactory  results  in  other  grave  neuralgias. 


no.  to.  —IMgmai  of  the  BruJitJiJ  PlemiA    ( V»n  G^huchtoii,) 

tmiikB.  It  18  triangular  in  shape,  its  base  being  sittiaUxl  at  iha  rf>r- 
tebrfB.  The  trunks  of  the  five  spinal  nerves  which  go  to  form  tfaia 
]>loxii8  anai^tomoHe  in  surh  a  way  an  to  form  three  main  tniuks,  two 
Huterior  and  one  jiosterior.  The  anterior  tninlw  are  named  rempmy 
iively  the  anterior  external  and  the  anterior  internal  trunk,  Tha 
jxmterior  trunk  in  called  by  that  name.  These  trunks  are  formed  WA 
follows :  The  fifth  and  sixth  cervical  nerves  unite  to  form  one  trauk 
which  soon  divides  into  an  anterior  and  a  posterior  branch.  The  b©v- 
enth  cervical  nen-e  Iwfore  uniting  witli  its  neij^hborH  divides  also  into 
an  anterior  and  a  posterior  branch.  The  eighth  cervical  and  first  dor* 
sal  nerve  unite  and  then  immediately  divide  also  into  an  anterior  aod 
a  posterior  branch.  The  three  ptist*?rior  branches  unit«»  wiili  emdtt 
other  to  form  the  posterior  trunk,  which  subdivides  into  two  termiiuU 
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neifm,  the  Gircninflex  and  the  mnsculospiral.  The  anterior  branch  of 
the  aevenih  cervical  nerve  unites  with  the  anterior  branch  formed  from 
the  jonction  of  the  fifth  and  sixth  cervical  nerves  to  form  the  anterior 
external  trunk,  which  subdivides  into  the  musculocutaneous  nerve 
and  into  another  branch  which  forms  with  a  similar  branch  from  the 
anterior  internal  trunk  the  median  nerve.  The  anterior  branch  of  the 
eighth  oervical  nerve  and  of  the  first  dorsal  nerve  forms  the  anterior 
internal  trunk,  which  gives  origin  in  turn  to  one  of  the  branches  con- 
stitnting  the  median  nerve,  to  the  ulnar  nerve,  to  the  internal  cutane- 
ous nerve,  and  to  the  accessory  branch  of  the  cutaneous  brachial  in- 
ternal nerve. 

From  this  arrangement  it  is  seen  that  the  main  nerve  trunks  of 
the  arm  and  shoulder  do  not  originate  directly  from  the  cervical  and 
first  dorsal  nerves,  but  from  the  union  of  these  nerves  which  forms  the 
brachial  plexus.  Consequently  each  nerve  trunk  contains  fibres  from 
more  than  one  cervical  nerve.  In  conseciuence  of  this  anatomical  ar- 
imngemeut  it  is  desirable  to  describe  the  diseases  and  injuries  of  the 
brachial  plexus  separately  from  the  diseases  and  injuries  of  its  indi- 
vidual branches,  which  form  the  main  nerve  trunks  of  the  arm  and 
flhcmlder. 

The  brachial  plexus  is  sometimes  the  seat  of  severe  neuralgia. 
In  the  majority  of  cases  this  brachial  neuralgia  is  due  to  trauma  or 
Id  some  gross  organic  lesion,  such  as  neoplasm.  In  all  these  cases 
the  pathological  state  is  probably  one  of  inflammation  of  the  nerve 
trunks.  In  some  cases  rheumatism  and  gout  are  probably  exciting 
causes.  The  affection  is  usually  unilateral  and  is  not  associated  as  a 
rule  with  paralysis  of  motor  fibres.  To  this  rule,  however,  there  are 
exceptions.  For  instance,  in  traumatic  cases  the  motor  fibres  as  well 
ts  the  sensory  may  be  involved.  As  in  most  cases  of  severe  neuralgia, 
painful  points  are  felt  in  regions  where  the  nerve  trunks  are  most 
exposed  or  most  easily  subjected  to  pressure.  These  points  are 
foond  especially  on  the  side  of  the  vertebrae,  in  the  axilla,  on  the 
scapula,  and  on  the  ulnar  and  radial  nerves  in  the  forearm.  There 
may  be  areas  of  parsesthesia  and  anaesthesia  in  the  distribution  of  the 
Tirious  ner\'ee,  also  some  paralysis  and  muscular  atrophy  in  cases  in 
which  motor  fibres  are  involved.  Trophic  and  vasomotor  changes 
are  also  occasionally  seen.  These  are  practically  the  same  that  have 
ftlready  been  described  under  the  heading  of  trophic  lesions  of  nerves. 
They  are  causalgia  or  burning  pain,  oedema,  and  glossy  flkin,  and 
possibly  herpetic  and  pemphigoid  eruptions.  When  these  latter 
occur  tiiey  are  evidences  of  inflammatory  or  irritative  processes  in 
the  nerve  trunks,  and  a  diagnosis  of  brachial  neuritis  rather  than 
iple  brachial  neuralgia  is  indicated.  From  the  symptoms,  in  fa^t, 
Vol.  XI.— 17 
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re|>orted  by  various  observers  it  sec^ns  that  these  caaee  of  involve 
ment  of  the  brachial  plexus  must  vary  widely  in  their  imderljtQg 
patliologi^'al  changes.  In  some  oases,  due  possibly  to  rliei 
gout,  nr  other  dyscrasia,  the  sensory  phem>iueua  preiloiniiuitev 
the  condition  may  be  called  more  proi>erly  a  true  neuralgia,  in  wbieli 
gross  t^ermaDent  clianges  in  the  nerve  trunkH  are  lacking.  In  oUier 
cases,  however,  especially  those  of  traumatic  origiu,  in  which 
are  associated  trophic  changes  and  paral>  ses,  contractures,  and  uti 
cular  atrojihy,  the  nerve  trunks  are  {irobably  the  seats  of  fu*tive  ii 
matiou.  The  same  may  be  said  of  some  few  cases  which  may  be  doe 
to  the  ]>oison  of  lead  or  of  syphilis,  Fiually,  the  brachial  pli^xQA, 
or  rather  the  siJiiial  nerve  root**  which  ctnitribut^  to  its  formatiim,  is 
cKKUisiomdly  the  seat  of  the  fulminating  jiaios  of  kK*i>mot*>r  ataxiii. 
In  these  cases  the  specific  changes  probably  l»egiu  in  the  c**ll  tmdiei 
of  the  sensory  neurons,  located  in  the  ganglia  on  the  postmor  nerve 
roots. 

Cases  of  brac^hial  neundgia,  so  called,  which  are  caused  by  tratimjila 
are  among  the  most  obstinate  in  their  course  and  most  severe  in  tbeJT 
symptoms.  They  are  usually  in  fact  the  result  of  gr(»«s  injury  to  tbs 
nerve  trunks  and  consequently  are  associated  with  all  the  symptoms 
of  organic  changes  in  uen-es.  Thus,  in  addition  U>  the  severe 
there  is  usually  paralysis,  muscialar  atrojihy,  reactions  of 
tion,  contnictures,  and  trophic  changes;  in  other  words,  there  » 
grave  neuritis. 

The  distriV)ution  of  the  symptoms  caused  by  severe  organic  leeicMis 
of  the  brachial  jilexus  is  as  follows:  There  is  brachial  mono{>li|pA. 
The  arm  is  inert  and  falls  heavily  againnt  the  tnmk.  All  voluntary 
movements,  such  as  flexioo,  extension,  alxluctiou,  mldiictic^u,  rolalio&g 
pronation,  and  supination  in  the  arm,  forearm,  and  hand,  are  totalljf 
abt>lisheil.  Tlie  shoulder,  as  lias  been  pointed  out  by  Huet  and  bjf 
Raymond/""  may  l»e  elevated  by  the  action  of  the  tra[mzius  mnade. 
The  re4i8on  for  this  actitm  of  the  tra|)ezius  is  not  altogether  cleftr* 
Huet  gives  the  following  explanation:  The  arm,  hanging  inert  aloiig 
the  thorax,  tends,  by  its  weight  pressing  upon  the  trunk,  to  cattae  a 
certain  feeling  of  uneasiness.  To  obviate  tliis  feeling  the  patieiilfe 
perhav»s  instinctively  and  unconsciously,  elevates  the  shoulder  bj 
contracting  the  traj^ezius  in  snch  a  manner  as  to  carry  the  piindyzed 
arm  slightly  away  from  the  side  of  the  trunk.  The  trapezius  remaijM 
thus  strongly  contructetb  Tliis  obsener  thinks  that  this  action  is 
not  tliat  simply  of  an  antagonistic  muscle,  in  which*  as  we  know, 
contracture  is  not  uncommon  when  its  antagonist  is  paralyiecL  U 
seems  in  me,  however,  that  the  theory  of  antagonism  is  not  iaafK 
prupriate  in  this  case.     The  monoplegia  of  brachial  leaiuus  is  not 


k 


DISEASES  OF  THE  BRACHIAL  PLEXUS.  259 

€b1j  totals  as  just  explained,  but  the  paralysis  is  flaccid  and  accom- 
panied with  abolition  of  the  tendon  reflexes.  The  sensory  symptoms 
in  many  oases  first  those  of  acute  pain.  Sometimes  the  painful 
LOUS  are  indefinable.  They  may  be  paroxysmal  and  worse  at 
ni^bt  than  in  the  day-time.  They  frequently  interfere  with  sleep. 
Tliej  do  not  always  necessarily  follow  the  trajectory  of  any  particular 
■eifo,  bat  are  diffused.  They  may  be  excited  especially  by  pressure 
on  the  mnscleB. 

The  ansBsthesia  caused  by  a  total  lesion  of  the  brachial  plexus  is 
wm  follows :  The  ansBsthesia  is  total  for  the  hand  and  forearm,  but 
ioUowB  a  line  drawn  from  the  inner  aspect  of  the  arm  just  above  the 
dhow  obliquely  upwards  to  the  outer  aspect  of  the  arm  at  about  the 
iiweition  of  the  deltoid  muscle.  This  distribution  is  characteristic 
and  follows  strictly  of  course  the  projection  of  the  sensory  fillets  of 
tiie  brachial  plexus.  The  tip  of  the  shoulder,  as  is  well  known,  is  not 
•applied  by  this  plexus  but  by  the  cervical  plexus,  and  the  inner 
aspect  of  the  upper  arm  by  the  first  three  pairs  of  dorsal  nerves. 

If  these  cases,  as  usually  liapi>ens,  are  caused  by  injuries  which 
hfkre  open  sloughing  sores  the  inference  is  that  the  nerve  trunks,  hav- 
ing been  originally  torn  and  stretched,  become  eventually  the  seats  of 
aseptic  neuritis.     Such  a  case  has  been  reported  by  Sands  and  Se- 
gun.'***     In  this  case  a  young  man  received  a  severe  wound  of  the  arm 
bom  the  premature  discharge  of  a  cannon  which  he  was  loading.     He 
had  a  badly  lacerated  wound  of  the  thumb  and  hand  with  an  extensive 
bum  of  the  forearm  and  with  fracture  of  the  radius  and  ulna.     The 
exteDsive  bum  interfered  with  the  proper  dressing  of  the  fracture,  and 
a&dse  joint  resulted.     Aniesthesia  in  the  hand  was  absolute,  but 
iti  limits  were  not  indicated.     Symptoms  of  irritation  of  the  nerves 
fid  not  appear  until  the  end  of  the  third  week,  when  pain  showed 
hidf  in  tiie  range  of  distribution  of  the  ulnar  nerve.     This  pain 
rapidly  became  excruciating  and  henceforth  constituted  the  predomi- 
oant  symptom  in  the  case.     The  healing  of  the  bum  was  apparently 
a  alow  matter,  and  the  amputation  of  the  thumb  joint  (which  had  be- 
come necessary)  left  a  small  ulcer.     Anaesthesia  extended  as  high  as 
file  opi^er  part  of  the  arm,  and  complete  paralysis  of  the  arm  was  grad- 
oaDy  established.     All  modes  of  sensation  were  abolished,  i.e.,  tactile 
thermal  sense,  and  pain  sense.     In  this  case  amputation  of  the 
resorted  to  because  of  the  extreme  suffering  of  the  patient 
and  the  nselessness  of  the  member.     After  amputation  electrical  irri- 
tifatlity  of  the  nerve  trunks,  the  median,  ulnar,  and  musculospiral, 
vaa  foond  entirely  abolished,  consequently  the  inference  was  that 
time  nenree  were  degenerated.     The  amputation  brought  but  tem- 
porary relief  and  eventually  the  brachial  plexus  itself  was  excised 
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by  Sands.     At  the  operation   it  was  foimd  that  the  Derves 

tuting  the  brachial  plexus  were  matted  together  and  their 
tion   was   by  no   means  easy.     The  fifth,   sixth,  and   seventk  j 
vieal  nerves  were   cut   in   a  mass,  a   piece   fully  a   quarter 
inch  being  excised.     The  double  cord  formed  by  the  imioa^ 
eighth  cervical  and   first  dorsal  nerves  was  also  cut.     Even : 
fresh  state  at  the  time  of  the  oi>eration  the  excised  portions  i 
not  normal   in   appearance.     The  surface  of  the  section  was , 
low,  showing  hardly  a  trace  of  the  fasciculi^  and   the  neu 
was  thickened  and  injected.     This  neuritis,  extending  thus  ta| 
very  cervical  roots  themselves,  was  apparently  of  septic  origin,  1 
was  of  such  a  character  as  was  more  likely  to  happen  iji  the  i 
before  antisei>tic   surgery.     The  character  of   the   woundB, 
which  was  lacerated,  the  other  of  which  was  a  deep  bum,  wasj 
such  as  to  [iroduce  a  lesion  of  this  kind*     The  microscopic  api* 
ances  of  the  excised  nerve  cords  forming  the  brachial  plexus  \ 
them  to  be  the  seats  of  extensive  interstitial  neuritis.     The  %xA 
l>elieved  that  the  ]>rimary  injury-  to  the  nerves  was  one  of  compi 
dinruption  of  the  nene  trunks  in  the  brachial  plexus.     As,  liov 
the  evidence  of  this  was  not  found  at  the  time  of  the  oiJ^ratiai 
seems  more  probable  that  the   primary*  lesion  was  one   merrfjrj 
injury  to  the  nerve  fibres,  and  that  the  nerve  trunks  eveiitimllyl 
came  the  seat  of  infectitm  frojn  septic  wounds.     The  case  is  i 
as   illustratiug  the  causation,   symptoms,   progress,  and 
surgical  treatment  in  these  cases.     The  patient  was  not  cum!, 
tlie  last  note  he  still  suffered  from  much  burning  and  laiicii 
pain.      Tills  lie  referred  to   the   amputated  finger  and  hand, 
also  had  the  plieuomeua  of  "  i>hantom**  hand.     The  reason  lor i 
ure  in  this  case  was  evidently  due  to  the  fact  that  the  infl 
had  extended  even  above  tlie   mots  of  the  cervical  nerves  bI  1 
exit  from   the   intervertebral   foramina,  and  that  conse4^[ueut!y 
nerve  cells  of   the   sensory    neurons   in  the   posterior  gangliifc^ 
probably  the  seats  of  active  irritation.     Such  a  case  conaeqti 
would  ])rtjbalily  become  as  intractable  as  the  ordinary  case  ^ 
douloureux. 

A  case  of  painful  neuromata,  of  rare  interest,  involving  thet^^ 
of  the  arm  and  tlie  l)rachial  plexus  has  been  put  on  record  '     * 
and  Duhring.  *"' ''    The  imtient  bad  suffered  paroxysms  of 
from  neuromata  grovviog  in  the  skin  and  evidently  in  vol 
brandies  of  the  nerves.     These  paroxysms  occurred  five  < 
in  a  da\'  ami  coutimipd  from  ten  to  fifteen  minutes.     Life  . 
BO  unendurable  that  exsection  of  the  brachial  plexus  was 
submitted  to  by  the  patient.     The  operation  was  performet 
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who  exsected  the  outer  and  the  inner  trunks  of  the  plexus,  but  for 
•ome  reason  the  posterior  trunk  was  not  divided.  As  a  result  of  this 
aperation  the  patient  was  greatly  relieved  but  not  entirely  cured. 
Pain  continaed  to  be  felt,  especially  on  top  of  the  shoulder,  which 
tlie  authors  attribute  to  the  fact  that  the  skin  of  this  region  was  sup- 
plied by  the  third  cervical  ner\'e.  The  patient  of  course  had  paraly- 
aia  and  wasting  of  the  muscles  with  reactions  of  degeneration  and 
auBstheeia  extending  well  up  to  the  shoulder.  The  excised  i^ortions 
of  the  nervess  howed  slight  beginning  interstitial  neuritis.  No  reason 
IB  laven  by  the  authors  for  not  cutting  the  posterior  trunk  of  the 
bfachial  plexus  from  which  springs  the  musculospiral  and  circumflex 
nnxes,  nor  is  it  clearly  indicated  that  the  muscles  and  skin  supplied 
by  theae  nerves  were  exempt. 

The  statement  by  the  authors  that  the  arm  was  completely  para- 
ijaed  is  difficult  to  reconcile  with  the  fact  that  this  posterior  trunk, 
which  is  one  of  the  most  important  divisions  of  the  brachial  plexus, 
waa  apparently  not  divided.     The  microscopic  appearances  of  the 
ezciaed  nerves  in  this  case  of  Maury  and  Duhring  indicated  that  the 
active  inflammatory  changes  had  not  advanced  fuUy  as  far  as  the 
brachial  plexus.     As  the  exciting  lesions  were  mostly  peripheral  and 
videepread,  being  neuromata  in  the  skin,  it  is  probable  that  the 
active  changes  were  in  the  neighborhood  of   these  tumors.      The 
operation,  of  course,  was  indicated  at  the  only  available  place  where 
all  the  nerve  trunks  come  together,  i.e.,  in  the  brachial  plexus.     The 
bet,  however,   that  cure  was  not  complete  was  probably  due,    as 
already  indicated,  to  the  failure  to  divide  all  the  nerve  trunks.     The 
pain  i>er8isting  about  the  shoulder  was  no  doubt  due  to  the  fact  that 
the  poeterior  trunk  of  the  plexus  was  not  di\ided,  and  that  conse- 
quently the  circumflex  nerve  which  supplies  the  integument  of  the 
shoulder  was  not  cut  off".     This  seems  to  be  the  true  explanation 
nther  than  the  one  suggested  by  the  authors. 

Raymond  *•*  has  narrated  a  case  of  brachial  monoplegia  caused  by 
compresHion   from   a   hemorrhage    beneath  the  pectoral   and  other 
mosoles.     This  rare  case  happened  in  a  man  who  had  had  malaria 
uhI  had  been  subject  to  hemorrhages  of   various   kinds  since  his 
Tonth.     He  drank  to  excess,  and  it  was  while  lying  in  a  drunken  sleep, 
in  which   he  compressed  the  arm,  that  the   hemorrhage  occurred. 
Baymond*s   theor>'  was  that  a  rupture  of  a  blood-vessel  occurred 
daring  his  sleep.      The  symptoms  were  complete  brachial  mono- 
plegia with  severe  ])ain  and  oedema.     The  retroclavicular  portion  of 
the  brachial  plexus  was  alone  involved,  as  the  nerves  arising  from  the 
pl«»xnfl  above  this  point  (for  instance,  those  to  the  pectoral  muscles, 
to  the  rhomboid,  and  to  the  scapula  muscles)  were  not  paralyzed. 
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IfjjiiiipH  to  the  brachial  plexus  are  sometimes  caused  in  the  new* 
borii  eliild  by  the  maoanivTes  uecessarj  for  the  disetigiigeineiii  of 
the  truuk  in  difficult  lalKJis,  Bailly  ami  Ooimus/'*  have  refiorted 
a  case  of  extensive  damage  to  the  bntchial  plexus  in  nu  in£aat 
from  thirt  cause.  The  bead  was  proj^erly  delivered,  but  the  tnmk  w^ 
mained  tirtuly  fixed  iu  the  iielvi^.  It  \v}|m  fiually  disengaged  bjr 
making  traction  on  the  axilla,  but  thiB  wan  doue  at  the  ooet  of  esteii* 
sive  injury  to  the  briicliial  plexus  and  its  main  brauches.  After  hirih 
it  wiiH  foTiDd  that  the  arm  was  paralyzed,  the  only  s|x>Dta2ieoiift 
uiovement>i  l>eiiig  a  feelile  extensit>n  of  tlie  f4>rearm,  flexion  erf 
tingei"H,  and  extension  ot  the  ring  tinger  and  little  finger.  In 
<|Uence  of  thin  tlie  writei-s  In^lieved  that  the  nerves  most  affected  were 
the  cireuraBex  and  tho  nmsculcHnitaueous,  although  from  their  de- 
scription it  winihl  seem  that  all  tlie  nerves  of  the  arm  were  more  or 
less  injured.  In  this  case  a  careful  stiuly  by  Oniinus  demonstrated 
that  the  faradic  contractility  was  diminished  for  the  trice|js,  for  tbe 
flexor  of  the  hand,  and  tor  the  extensors  of  the  finger,  except  of  the  rin^ 
finger.  The  deltoid,  the  infmsinnatus,  the  bicepn,  and  the  Vtraehialiii 
anticua  gave  no  resin)nse.  Impnnpment  in  this  case  was  sternly » and 
at  the  time  of  the  report  the  authr>rs  expressed  the  lielief  that  the 
paralysis  would  eventually  disai^pear.  They  did  not  share  Ite^ 
opinion  of  ]>uchenne,  who  gave  a  grave  prognosis  for  this  paralrfliK^ 
Aljandoncil  to  itself  he  clainicHl  that  it  became  incurable.  He  siKumed 
to  think  that  restoration  of  nerves  is  accr)miilifihe4l  in  man  the  lees 
promptly  the  younger  is  the  patient.  Onimus  concludes  tbat  in 
the  earlj'  months  of  life  prosi>ect  for  improvement  in  se%'ere  injnry  to 
ner\*es  is  uni  bad. 

The  treatment  for  brachial  neuralgia  is  similar  to  Uiat  for  nen* 
ralgia  in  other  parts.  In  the  very  grave  forms,  such  as  have  bean 
related  above,  due  to  infectious  neuritis  or  neoplasm,  amnlyne  and 
sedative  meilicines  in  large  doses  will  l^e  required.  Morphine  wiU 
undoubtedly  l>e  the  drug  that  these  patients  will  come  to  crave  and 
t*i  rely  u[)on.  It  is  almost  impcMsible  in  fact  t4>  prevent  {mtientK, 
suffering  lis  much  4is  Duhring's  patient  suffered*  from  becoming 
habitues  of  fipium  in  some  form.  Fortunately  these  caeee  are  rare, 
iitherwise  we  should  ]»roliably  have  clearer  indications  for  treatment. 
Perfect  rest  is  indicated  and  should  be  secured  b\'  fi^xation  dressing  of 
some  kind.  In  the  case  reiiorted  bj  Sands  and  Seguin  the  patient 
dreaded  movement  to  such  an  extent  that  he  iDecaroe  w  ildly  excited  at 
the  thought  of  it.  Hot  fomentations  are  sometimes  grateful  and 
even  curative  in  the  milder  forma  of  brachial  neuralgia.  There  ia  a 
tyi^  of  this  disease,  sometimes  seen,  in  which  the  pain  is  locateil  more 
especially'  in  one  nerve  trunk,  and  in  which  there  is  probably  a  goaty 
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or  rheumatic  taint.  In  such  cases  preparations  of  salicylic  acid 
■hoold  be  given  a  full  trial,  and  these  may  be  combined  with  phen- 
ifietin,  aniipyrin,  antifebrin,  antikamnia,  or  exalgin.  Gases  of  this 
kmd  usually  make  a  satisfactory  recovery,  although  the  duration 
of  the  disease  may  last  for  several  weeks.  In  the  milder  cases  or  in 
the  tenninal  stage  of  more  severe  cases  a  mild  galvanic  current  ap- 
plied along  the  course  of  the  nerve  trunk  is  sometimes  beneficial. 
Coanter-irritation,  especially  by  blisters  over  the  painful  point,  some- 
times giTes  relief.  Iodide  of  potassium  is  of  little  service  in  any  form  of 
BBoralgia  or  neuritis,  unless  this  be  due  to  some  syphilitic  lesion.  The 
nme  may  be  said  of  the  mercurials.  Bromide  of  potassium  and  chloral 
hydrate  are  hypnotic  rather  than  anodyne  in  their  action,  and  conse- 
quoitly  are  of  little  use  in  these  cases.  If  used  at  all,  they  must  be 
gi^en  in  very  large  doses  and  their  depressing  and  other  unfavorable 
action  is  most  undesirable.  I  have  known  good  effects  from  croton 
dikiral  in  some  cases  of  severe  neuralgia,  and  it  might  be  tried  in  the 
form  here  considered.     Aconitine  is  recommended  by  some. 

The  surgical  treatment  of  the  severe  forms  of  brachial  neuritis 
euaed  by  trauma  or  neoplasms  has  already  been  referred  to  in  the 
description  of  the  cases  quoted  above.  Such  a  procedure  is  of  course 
ihrays  a  last  resort,  and  can  be  recommended  only  when  all  other 
treatment  has  failed  and  when  the  patient's  life  has  become  intoler- 
able from  his  sufferings.  Excision  of  the  brachial  plexus  is  a  most 
heroic  remedy.  It  maims  the  patient  even  worse  than  amputation 
of  the  arm,  because  it  leaves  him  in  possession  of  an  arm  that  is 
vorse  than  useless.  There  can  be  no  doubt,  however,  of  the  pro- 
priety of  the  operation  in  such  rare  cases  as  those  in  which  it  was 
performed  by  Sands  and  by  Maury.  It  is  highly  important,  how- 
erer.  that  the  oi)eration,  if  performed,  should  be  radical  and  complete. 
All  three  main  trunks  of  the  brachial  plexus  should  be  divided,  and  a 
sufficient  portion  of  each  trunk  removed  to  insure  against  its  re- 
union. 

In  cases  of  injury  of  the  brachial  plexus  in  the  child  at  birth,  rest, 
warmth,  and  the  use  of  mild  currents  of  electricity  are  indicated. 
The  prognosis  in  these  cases  is  usually  favorable,  but  a  guarded 
prognosis  should  be  given  at  the  beginning. 

Diseases  of  the  Circumflex  Nerve. 

The  circumflex  nerve  arises  from  the  posterior  trunk  of  the  brachial 
plexus,  in  common  with  the  musculospiral  nerve.  It  contains  both 
sensory  and  motor  fibres.  The  former  are  distributed  to  the  skin 
over  the  deltoid  muscle,  especially  its  lower  and  posterior  i)ortion. 
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The  motor  fibres  Bupplv  the  deltoid  muBcle  and  th«  teres  minor. 
Tlie  nen^e  before  it«  distributiuii  divide«  ink)  two  braiichen,  an  upiKtr 
and  a  lower.  The  wpper  brant'L^  which  is  tho  more  im|>ortanl  from 
the  pHtliulogie^al  standi Kiiut,  windn  around  the  neck  of  the  he 
just  lieneutli  the  deltoid  miisch^  Jiml  8Uppliei4  this  uHtHcie  with  ita  ] 
tor  brandies,  which  }mm  into  its  Hubetaoce  from  the  under  Hur 
This  br?uich  alsn  gives  off  sensory  filaments,  which  supply  tlie  nk 
over  the  lower  portion  <»f  the  deltoid  miisele.  The  lower  bnknch  giv^ 
mottir  fibres  to  the  teren  minor  and  also  to  the  pogterior  i»ftrt  nf  the 
deltoid  nniscle.  It  supplies  sensory  filaments  to  the  skin  over  Iho 
lower  and  posterior  surface  i>f  the  deltoid  muHcle.  Tlie  ai^tiou  of  tllft 
muscles  supplied  l>y  the  circumflex  nerve  is  to  raise  the  arm  dirocUy 
upwards  from  the  shoulder  and  hold  it  in  that  {Mi^itiim.  Of  Ilia 
two  muscles  the  deltoid  is  the  chief  actor.  The  teres  minor  ro- 
tates the  head  of  tlie  humerus  outwards,  and  when  tlie  arm  is  raiadd 
it  assists  in  holding  it  in  that  iKisitiou  and  rotating  it  OtttwardA 
(Gray), 

The  circumflex  nerve  is  e«i>ecially  liable  to  injury  from  dislocatioiifl 
of  the  head  of  the  humerus  and  from  fractures  of  the  neck  of  thjil 
iHine.  It  is  seldom  if  ever  the  seat  of  a  simple  neuritis,  such,  for 
instance,  a«  is  due  to  exi»osure  to  cold.  The  nerve  or  its  nuclei  is 
fretiuentlj  involved  in  degenerative  diseases  which  attack  lat^ge  mii»- 
cular  groups,  sui'h  as  progressive  muscular  atrophy  and  amyotrophiA 
lateral  sclerosis.  It  is  possibly  involved  occasionally  in  rheii 
and  other  inflammations  of  the  shoulder  joint,  and  this  accounts  I 
the  fact  that  sometimes  in  such  inflammation  there  is  i>aralysia  and 
atrophy  of  the  deltoid  muscle.  From  its  protected  [k^iHod  it  is 
rarely  if  ever  injured  by  wounds,  but  it  may  he  involved  in  severe  con- 
tusions of  and  blows  upon  the  shoulder.  By  far  the  mc»st  im|xirtjuit 
cause,  liowever,  of  i>aralysis  of  the  circumflex  nerve  is  dislocation  of 
the  shoulder-jcjint  So  imjK^rtant  is  this,  in  fact,  tJiat  the  [>ractitioDer 
should  never  lose  sight  of  the  iK>fl8ibility,  and  being  called  to  »uch  s 
case  should  always  explain  to  the  imtient  and  his  friemls  the  riak  thai 
he  runs  from  such  a  complication.  Unfortunately  the  evideaoefl  of 
this  injury  to  the  ner\'e  are  not  always  very  apjmrent  for  seiBral 
weeks  after  the  accident.  Tlie  weakness  or  paralysis  of  the  niitsels 
is  disguise*!  first  by  the  pain  and  the  surgical  dressings.  Ijiter, 
however,  wlien  attemjits  are  made  to  move  the  shoulder,  it  gradually 
becomes  a[tpareut  that  the  deltoid  muscle  is  paralyzcn^l.  At  first  th© 
impairment  of  motion  may  be  thought  to  l)e  due  to  some  stiff uesa  of 
the  joint,  but  if  careful  inspectifm  is  mmle  it  will  lie  found  that  tho 
mujscle  does  not  contract  and  that  it  is  beginning  to  lose  volume,  A 
very  early  indication  of  this  injury  is  abolition  of  the  faradic  ood* 
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tnctility  in  the  muscle  and  the  onset  of  the  reactions  of  degenera- 
tion. These  tests  with  electricity  are  of  the  utmost  importance  in 
cwootj  of  dislocation  of  the  shoulder-joint,  and  should  never  be 
omitted.  They  permit  of  the  establishment  of  a  positive  diagnosis 
at  «n  earlier  stage  io  the  history  of  the  case  than  any  other  symptom. 
This  is  due  to  the  fact,  as  already  stated,  that  inhibition  of  movement 
in  the  joint  during  the  first  few  weeks  may  be  thought  to  be  due  to 
pain  and  stiffness  caused  by  injuries  to  the  structures  of  the  joint, 
and  may  in  fact  be  partly  due  to  these,  and  thus  disguise  the  paraly- 
lis  of  the  deltoid  muscle.  The  importance  of  an  early  diagnosis  in 
such  a  case  needs  no  comment.  Paralysis  and  atrophy  of  this  muscle, 
following  dislocation  of  the  shoulder-joint,  is  a  serious  complication, 
and  one  that  cannot  be  recognized  too  soon  for  the  welfare  of  the 
patient  and  the  reputation  of  the  surgeon. 

The  sympton^is  of  injury  to  the  circumflex  nerve  are  paralysis  of 
the  deltoid  muscle  and  some  paresis  of  the  teres  minor  muscle,  and 
occasionally,  but  not  always,  anassthesia  of  the  skin  overlying  the 
lower  and  posterior  portions  of  the  former  muscle.     It  frequently 
hapi^ens,  however,  that  there  is  no  anaesthesia,  and  this  is  in  a<;cord 
with  the  well-known  fact  that  injuries  to  mixed  nerves  frequently 
impair  the  motor  much  more  than  the  sensory  fibres.     When  the 
deltoid  muscle  is  paralyzed,  the  movements  of  the  arm  are  much 
restricted.     The  upward  and  outward  movement  of  the  arm  at  the 
shoulder  is  entirely  abolished.     Rotation  of  the  head  of  the  humerus 
ontwards  is  also  impaired  by  the  paralysis  of  the  teres  minor.     This 
restriction  of  the  upward  and  outward  movement  of  the  arm  impairs 
many  other  associated   movements  at  the  shoulder-joint,  in  which 
the  deltoid  muscle  takes  an  active  part.     The  arm  hangs  helplessly 
Sf^nst  the  trunk,  except  for  the  movements  of  abduction,  flexion, 
and  extension,  which  are  imparted  to  it  by  other  muscles.     In  course 
of  time  atrophy  of  the  muscle  supervenes.     In  cases  in  which  the 
iBJnry  to  the  nerve  has  been  severe   this   atrophy  advances  to  an 
extreme  limit.     The  deltoid  muscle  becomes  flattened,  and  even  pre- 
sentB  the  appearance  of  being  scooped  out.     This  is  so  character- 
istic as  to  be  unmistakable  when  once  seen.     This  hollowed  space 
extends  from  underneath  the  clavicle  in  front,  around  underneath 
the  acromium  process  and  the  spine  of  the  scapula.     It  seems  as 
though  in  some  cases  the  muscle  has  almost  entirely  disappeared. 
With  the  beginning  atrophy — in  fact,  before  this  atrophy  is  appar- 
ent— the  faradic  contractility  of  the  muscle  is  abolished.     This  may 
oocor  very  early  in  the  case,  even  as  early  as  the  first  week.     It  usu- 
ally precedes  the  onset  of  the  reactions  of  degeneration.     These  re- 
actions may  come  on  in  all  their  classical  stages.      There   may 
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be  at  first  inorejised  galvanic  contractility,  followed  by  decreaoe 
with  mcxial  and  serial  changes.  Am  alre^ly  stat-ed,  tlie^e  eleetricil 
changes  are  of  great  significauee,  both  for  diagDosis  and  prognosis  in 
these  c^igea.  With  the  atrophy  of  tlie  muscle  there  is  likely  to  bt 
some  Htiffuess  dn©  to  ankyhmiH  of  the  joint  This  is  probably  not  a 
true  trophii?  lesion,  but  is  due  to  the  injury  t^i  the  soft  stmc^tnre*!  of 
tlie  joint  at  the  time  of  dislocation.  It  is  no  doubt  favored,  however, 
by  the  nerve  injury.  This,  for  iostanee,  eauBee  such  ]mi>airme^t  of 
the  movemonts  of  the  joint  that  the  slight  nutritiv©  cbAnges  aei  up  by 
the  injury  progress  more  rapiiliy  and  with  more  serious  consequeiioes 
tlian  they  would  in  case  the  niust'le  were  not  t>Aralyz6d.  In  tiim 
adhesions  may  form,  and  these  still  further  imimir  the  powier  ol 
movement  at  the  joint.  Tliey  are  manifest  on  passive  moveiMilitii* 
The  head  of  tlie  humerus  is  then  seen  to  l*e  firmly  attached  to  tfad 
scapula.  As  the  arm  is  moved  the  scapula  moves  with  it,  SA  ifl 
shown  especiidly  by  the  exctirHions  of  it«  inferior  angle, 
movements  ui  the  sca]iula  with  the  humerus  are  in  marked  coni 
with  its  immobility  in  health.  The  ankylosis  may  be  disguised  hf 
the  paralysis  and  atrophy  of  the  deltoid  muscle,  but  the  simple  teit 
of  obst^rving  the  asscxdated  n^jvements  of  the  scapula  mtb  the  hu- 
merus reveals  the  true  state  of  tlie  joint.  In  c^we  no  fibrous  adiiesiooB 
exist,  i>a8sive  raovemenis  of  the  joint  in  all  directions  without  move- 
ment of  the  scapula  ai*e  readily  obtiiined. 

In  the  case  of  a  huly  who  injure*!  the  circumflex  nerve  by  dislocat- 
ing the  head  of  the  humerus,  the  course  of  events  as  observed  by 
me  was  as  follows :  While  drt^saing  in  tlie  morning  the  patient  tripped 
and  fell,  extending  her  arm  towarck  the  wall  for  support.  The  hedid 
of  the  bi>ne  was  Llriven  with  some  violence  from  its  socket  downwards 
and  forwards.  The  dislocation  was  re<lnced  while  the  imtieni  was 
under  ether,  and  without  difficulty  in  a  short  time.  The  joint  remained 
painfid  for  some  days.  When  attemi»ts  at  restoration  of  movement 
were  maile,  however,  as  the  pain  subsided,  it  was  found  that  the  del- 
ti>id  muscle  was  unable  to  contrat^t.  Complete  abolition  of  famdic 
ccmtractility  was  noted  in  a  short  time,  and  this  was  followed  by  the 
a[)p6arauce  of  the  reactions  of  degeneration-  Rapid  atrophy  of  tba 
muscle  set  in  and  eventually  becAme  extreme,  so  that  the  s; 
occni>ieil  normally  by  the  deltoid  was  hollow.  Fibrous  adhesi^ 
soon  formed  in  tlie  joint.  The  progress  of  this  case  was 
and  tedious,  Adliesionsin  the  joint  required  to  be  eventually  broken 
upy  and  the  substance  and  functions  of  the  deltoid  muscle  were  not 
restored  for  fully  a  year*  The  patient  eventually  made  a  complete 
recovery.  This  case  illustiat^d  {lerfectly  the  risks  which  a  patient 
runs  in  dislocation  of  the  shoulder-joint  due  to  injury  to  the  cinsum* 
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fleiz  serve,  and  also  the  fact  that  the  prognosis  of  such  cases  need 
not  neoeBsarilj  be  hopeless. 

Baymond  '*'  has  reported  a  curious  case  of  paralysis  of  both  del- 
toid mnsdles,  caused  by  elongation  of  the  two  circumflex  nerves. 
This  stretching  of  the  nerves  occurred  while  the  patient  was  sleep- 
ing apoB  his  back,  holding  his  arms  elevated  with  his  hands  joined 
behind  his  neck.  On  rising  in  the  morning  the  patient  was  unable 
to  raise  his  right  arm,  and  at  the  same  time  he  had  pain  at  the 
lerel  of  the  deltoid  muscle.  The  left  arm  was  not  paralyzed  at  first, 
but  became  so  after  a  few  hours.  Among  the  initial  symptoms  were 
fiolent  muscular  shocks  or  contractions  in  the  affected  muscle.  The 
symptoms  were  such  as  have  already  been  described  as  due  to  injury 
of  the  oiicmnflex  nerve.  There  were  partial  reactions  of  degeneration 
and  involyement  of  the  sensory  branch  of  the  circumflex  nerve  which 
supplies  the  skin  over  the  deltoid  muscle.  The  unique  feature  of  the 
case  was  the  involvement  of  both  circumflex  nerves  by  stretching,  due 
to  the  peculiar  attitude  of  the  patient.  From  a  study  on  the  cadaver 
Saymond  concluded  that  the  nerves  had  been  injured  by  elongation 
by  the  foioed  attitude  of  the'  patient,  whose  circumflex  nerves  were 
probably  unusuaUy  short,  i.e.,  did  not  pursue  as  winding  a  course  as 
isnsnal. 

The  treatment  of  paralysis  of  the  circumflex  nerve  should  be  by 
dectricity  to  the  deltoid  muscle,  by  hypodermic  injections  of  strych- 
mne  into  the  substance  of  the  muscle,  by  inunctions,  and  by  massage. 
Electricity  is  probably  the  most  important  of  these  agents.  As 
faffadic  contractility  is  usually  abolished,  this  current  should  not  be 
used.  Mild,  alternating  galvanic  currents  should  be  applied  at  least 
three  times  a  week,  and  these  with  passive  motion  and  massage  may 
reqnire  to  be  persevered  with  for  many  weeks  or  even  months.  The 
fibrous  adhesions  should  be  broken  up.  In  the  case  above  mentioned 
%  foil  year  elapsed  before  the  deltoid  muscle  was  restored,  but  the  fact 
tbat  it  was  eventuaUy  fully  restored  proves  that  time  and  treatment 
vill  often  accomplish  much  in  these  cases. 

Diseases  of  the  MiisciQospiral  Nerve. 

The  musculospiral  nerve  arises  from  the  posterior  trunk  of  the 
brachial  plexus,  in  common  with  the  circumflex  nerve.  It  is  the 
largest  branch  of  the  brachial  plexus  (Gray).  In  its  course  along 
flie  arm  it  winds  around  the  humerus  in  a  special  groove  known  as  the 
spiral  groove,  just  beneath  the  triceps  muscle.  Its  course  is  from  with- 
in, behind,  to  the  outer  side  of  the  arm.  When  it  reaches  the  external 
oondvle  it  divides  into  two  branches,  the  radial  and  the  x>osterior  in- 
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terosBeoiis  Derves.  Before  divuliiii:;  into  tbeso  terminal  branebeB  tli 
uiaiu  ti'iiiik  8iipj»lie8  miL'^euIiLr  bmuolies  to  the  tric^|js,  Bsxxm&om^ 
extensor  ciirpi  railiiblis  lougior^  supinator  lou||U8,  and  brachialis  aud- 
CU8.  Its  outanecnift  braDches,  three  in  number*  supply  the  Hkin  with 
sen  sat  J  on  on  the*  posteri(*r  a8i>ect  of  the  arm,  the  anterior  aspect  of 
the  lower  f>art  of  the  arm,  and  the  back  part  of  the  forearm^  The 
aetions  of  the  umseles  8iip]ilied  l\y  the  iiiaiu  trunk  of  the  iiiiiflcali>- 
Hpiral  nerve  in  itn  eounse  through  the  ni»iier  arm  are  to  eartetid  Um 
arm,  to  supinate  the  hand,  and  to  extend  the  haml  at  the  wnsL  Jkm 
it  Hupplies  the  hrm*hialis  anticua  musele  also,  it  has  some  eoittxol 
over  flexion  of  the  forearm. 

The  mnHenlnH|iinil  nen^e  may  be  injured  by  l*lows.  woumU,  and 
pressure.  Although  in  the  main  part  of  it^  course  it  is  sittiattxl 
deejjly  beneath  mnseuhir  masses,  it«  ch>se  relation  ttJ  tlie  lion©  makeA 
it  especially  susceptible  Uy  injury  from  presBure.  On  the  lateral 
aH]>ect  ijf  tlie  arm,  too,  just  between  the  tK>sterior  border  of  the  bic*e[i6 
muscle  and  the  anterior  portion  of  the  triceps,  it  is  esiieeially  aufjer- 
ficial  and  unproU>cted*  The  chief  causes  of  injury  to  thi»  nerve  are 
]ir(*ssure  of  the  heml  during  sleep,  pressui-e  of  a  crutch,  [)ree8are  or 
irritation  of  callus  after  fracture  of  the  humerus,  and  more  rarely 
blows  and  woumis.  The  nerve  itself  is  not  usmilly  the  seat  of  ac- 
tive inflammati<m  from  cold.  It  may,  however,  suffer  with  all  the 
other  nen^es  in  multiple  neuritis.  In  alcoholic  n]ultii>le  neuritis, 
for  iust^iuce,  the  branches  of  this  nerve,  like  all  nerves  supplying 
extensor  muscles,  are  esi>ecially  lial>Ie  to  involvement.  In  lead  palay 
the  characteristic  wrist  droii  is  caused  by  paralysis  of  the  branchea 
of  this  nerve  in  the  lower  arm  and  of  tlie  muscular  branch  wliich 
supplies  the  extensor  cart)i  radialis  longior.  Lejul,  however,  has  a 
I>eculiar  selective  Miction  upon  the  branches  of  the  muscul*"*spiral  nerre, 
but  this  will  l»e  descriljed  later.  (Jf  these  causes  the  most  common  is 
undoubtedly  the  pressure  caused  during  sleei*  by  the  patients  head 
resting  upon  the  humerus.  This  usually  hapi>en8  only  in  tlie  deep 
sleep  cansetl  by  alcoholic  intoxication.  In  numerona  oaaee  of  paraly- 
sis of  the  musculospiral  nerve  oliserved  by  me,  this  caoae  haa  alwayg 
been  the  active  one,  with  the  exce]>ti«)n  of  a  few  inataneee  in  which 
the  paralysis  wiis  due  to  the  jiressure  of  a  crutch.  The  explana- 
tion for  the  fact  that,  as  a  rule,  only  drunken  men  suffer  from  thia 
paralysis,  is  that  the  pain  and  discomfort  caused  by  prolougetl  pres- 
sure of  the  heail  on  the  arm,  which  are  sufficient  to  arouse  a  aober 
man,  or  at  least  to  cause  hiTu  to  shift  his  }>osition,  are  unheeded  hy  the 
former.  The  drunken  man  is  so  insensilile  to  this  pain  that  be  aleepa 
on,  pf^ssiblv  for  many  liours,  and  thus  with  prolonged  pressure  iMiraly* 
ases  the  nerve.     From  this  circumstance  iiaralysis  of  the  musculaapifml 
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nerre  has  been  called  *"  Sunday  moming  palsy."  I  have  never  seen  it 
occur  from  pressure  of  the  head  during  sleep  in  ease  of  a  sober  man. 
The  next  most  important  cause  of  this  paralysis  is  the  pressure  of  the 
head  of  a  crutch  upon  the  nerve  just  as  it  emerges  from  the  axilla. 
The  paralysis  may  even  be  bilateral,  as  in  an  instance  which  I  saw 
in  a  man  after  amputation  of  the  leg.  In  this  case  the  patient,  who 
was  a  large  heavy  man,  was  aUowed  to  get  up  and  go  about  with  two 
rudely  made  crutches,  the  heads  of  which  were  not  properly  shaped 
and  padded.  As  a  patient  who  is  obliged  to  use  a  crutch  is  already 
snflBciently  crippled,  it  is  unfortunate  that  he  should  be  still  further 
disabled  by  a  paralysis  of  one  of  the  chief  nerves  in  his  arm,  which 
could  as  well  be  avoided  with  a  little  care.  The  musculospiral  nerve 
has  been  wounded  in  various  ways  (Cheever*").  Owen*"*  reports 
a  case  of  gunshot  injury  to  tlie  musculospiral  nerve,  but  such  cases 
are  exceedingly  rare  in  medical  literature. 

The  symptoms  of  paralysis  of  the  mu8culosi)iral  nerve  are  char- 
acteristic and  unmistakable.     As  this   nerve  is  almost  exclusively 
concerned  with  extension  and  supination,  the  abolition  of  these  func- 
tions is  more  or  less  comjJete  and  quite  uncomx)licated.     The  exact 
extent  of  the  paralysis,  however,  varies  according  to  the  point  of 
pressure.      If  this  pressure   is  within   the  axilla  or   just    at  the 
emergence  of  the  nerve  from  the  axilla,  as  when  it  is  caused  by  the 
head  of  a  crutch,  all  the  muscles  supplied  by  the  nerve,  including 
the  triceps,  are  involved.     In  the  case  of  drunken  men,  however,  the 
pressure  is  usually  below  the  branches  of  the  triceps,  and  then  the 
paralysis  is  especially  marked  in  the  supinator  longus  and  the  exten- 
sors of  the  wrist  and  fingers.     In  some  few  cases,  however,  the  supi- 
nator longus  escapes.     The  degree  of  paralysis  varies.     When  it  is 
complete  the  patient  cannot  extend  the  hand  at  the  wrist,  and  has 
much  diminished  x>ower  if  not  complete  absence  of  i)ower  of  supina- 
tion.     There  is,  moreover,  some  failure  in  i>ower  of  flexion  of  the 
fingers,  as  is  always  the  case  in  paralysis  of  the  extensor  muscles. 
This  seems  to  be  due  to  the  fact  that  the  flexors  recjuire  a  certain 
basis  of  support  for  their  full  activity,  which  is  supplied   by  the 
extensor  muscles.     The  loss  of  power  of  supination  causes  a  peculiar 
effort  of  the  patient  to  compensate  by  pressing  the  arm  against  the 
side  and  rotating  the  humerus  outwards.     This  tends  to  overcome 
the  extreme  pronation  of  the  hand  which  results  when  the  i)atient 
grasjis  an  object.     As  a  rule,  sensation  is  not  seriously  involved  in 
these  pressure  palsies  of  the  musculospiral  nerve.     The  upper  arm 
especially  escapes.     In  the  lower  arm,  however,  diminished  sensi- 
bility or  even  complete  anaesthesia  may  be  found,  especially  on  the 
radial  surface  of  the  forearm  and  on  the  back  of  the  hand  and  fin- 
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gerts.     Subjective  sensations,  such  as  paraesthesia  or  tiDgling 
pric3kling»  are  common  for  the  first  few  days.     This  freedom 
mrerB  injury-  of  the  sensory  filaments  is  what  is  commonlj  eeeni 
pressui-e  palsies  of  mixed  nerves- 
Muscular  atrophy  and  the  reactions  of  degeneration  are  not 
monly  seen  iu  these  pre-ssure  palsies  of  the  mnsculospiral  nerve, 
is  due  to  the  fact  that  in  the  majority  of  cases  the  injury  ii  ] 
severe.     The  functions  of  the  jierve  are  abolished  only  temfjor 
The  nerv^e  fibres  are  evidently  not  seriouslj-  impaired,  and  it  is  da 
ful  in  fact  if  their  continuity  in  many  of  these  cases  is  broken. 
ceptions  occur,  of  course,  in  which  all  the  symptoms  of  severe  injii 
are  obgerveil.     In  the  very  rare  instances  of  gunshot  or  other  won 
all  the  phenomena  of  complete  and  perhaps  irreparable  d^ene 
of   the    nerve  may  ftfUow.      This  will   dei>end  of  course   upon 
severity  of  the  wound. 

The  dkufumiH  of  paralysis  of  the  miisculospii*al  nerve  is  not  ( 
cult.     From  ordinary  lead  palsy  it  is  distinguished  by  the  hwt  < 
it  is  usually  unilateral,  and  by  the  highly  characteristic  fact  tLah 
8ux>inator  longus  muscle  is  involved.     The  history  of  the  case,  mo 
over,  is  usually  \'ery  clear.     The  onset  is  sudden,  due  to  pr 
during  drunken  sleep  or  caused  by  the  head  of  a  crutch.     In  alcohd 
neuritis,  while  the  extensor  muscles   are  especially'  litely  to  be  i^ 
l>aired,  the  affection  is  never  limited  to  one  nerve  trunk. 

Tlie  promitosis  of   rausculospiral  paralysis  from  the  causes 
tioned  is  usiially  favorable.     The  duration  of  the  cjise  will  depend^ 
course  uijon  the  severity   of  the  injury.     In  case  the  nerve 
goes  conii^lete  degeneration  and  the  reactions  of  degenei'atioD  with 
wasting  appear  in  the  muscle,  the  coui^e  may  be  slow  and  tetliotis, 
Many  of  these  cases  recover  in  a  few  weeks,  but  the  more  sexm  I 
form  may  last  for  mouths. 

The  t  rati  men  t  for  pressure  palsies  of  the  rausculospiral  nerve  i 
simple  iu  tlie  extreme.     These  cases  tend  to  recover,  in  fact,  witho 
active   treatment.      Electricity  to  the   paralyzed  muscles,  rest, 
massage  are  usually  all  that  is  re*piired.     In  cjise  the  trunk  of  I 
musculoHpiral  nerve  sliould  be  severed  by  a  knife  or  pistol  woa 
nen^e  suture  should  l>e  immediately  performed. 

Diseases  of  the  Posterior  Interosseous  N* 

Xhis  ner\^e  is  one  of  the  two  terminal  brand 
spiral  nerve.     In  part  of  its  course  it  is  c 
osseous  membrane.     It  BUi>plies  aD  tl 
^sterior  Imu-hial  regionH,  except  the 
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and  extensor  carpi  radialis  longior.    It  is  consequently  the  nerve 
wliich  is  most  affected  in  the  ordinary  form  of  lead  palsy.     In  this 
pitfalysis  the  muscles  affected  are  esx>eciaUy  the  extensors  of  the 
fingers  and  of  the  wrist.     As  an  almost  invariable  rule,  the  supinator 
longins  for  some  unknown  reason  escapes,  and  the  extensor  of  the 
metacarpal  bone  of  the  thumb  is  not  completely  paralyzed  although 
it  may   be  paretic.     The  reason  for  the  exemption  of  these  two 
muscles  in  lead  palsy  has  not  been  satisfactorily  stated.     The  supi- 
nator longus  is  not  supplied  by  the  interosseous  nerve,  but  by  a 
branch  of  the  main  trunk  of  the  musculospiral  nerve.     The  extensor 
c^  the  metacarpal  bone  of  the  thumb,  however,  is  supplied  by  the 
interosseous.     It  seems  that  the  poison  in  these  cases  has  a  selective 
action  and  must  be  expended  largely  apon  the  interosseous  nerve 
instead  of  the  main  trunk  of  the  musculospiral.     This  is  in  accord 
with  the  clinical  facts,  except  that  the  extensor  of  the  metacarpal  bone 
of  the  thumb  escapes,  while,  on  the  other  hand,  the  long  radial  ex- 
tensor of  the  wrist,  which  is  supplied  from  the  main  trunk  of  the 
musculospiral,  is  usually  involved.     In  cases  of  lead  poisoning,  how- 
erer,  it  must  be  recaUed  that  many  muscles  and  nerves  in  other  re- 
gions of  the  body  are  involved,  so  there  is  no  positive  law  limiting 
the  action  of  the  poison  to  the  extensor  muscles  of  the  wrist.    The 
type  of  paralysis  just  referred   to,  however,  is  undoubtedly  a  very 
common  one  in  lead  poisoning  and  produces  the  characteristic  wrist 
drop. 

The  symptoms  of  wrist  drop  due  to  lead  poisoning  are  as  follows : 
The  hand  cannot  be  extended  at  the  wrist  in  the  worst  forms.     In 
some  cases,  however,  the  hand  can  be  slowly  extended  with  a  jerky  or 
spasmodic  movement  when  the  fingers  are  flexed.     When  the  fingers 
&re  extended  the  paralysis  is  absolute.     This  seems  to  dex)end  upon 
the  fact  that  flexion  of  the  fingers  gives  the  weakened  extensors  a 
more  advantageous  purchase  or  basis  of  sui)port.     The  supinator 
longus  muscle  is  not  involved  (see  Fig.  31).     It  stands  out  promi- 
nently, e8i)ecially  when  the  extensor  muscles  are  atrophied,  and  pre- 
sents one  of  the  most  characteristic  features  of  lead  palsy.     The  ex- 
tensor of  the  metacarpal  bone  of  the  thumb  is  usuaUy  not  completely 
paralyzed,   although  it  does  not  escape  entirely.     Because  of  the 
absolute  loss  of  power  in  many  of  the  other  extensor  muscles  the 
noovements  of  the  tendon  of  this  muscle  may  api)ear  quite  conspic- 
uous.    As  the  interossei  and  lumbrical  muscles  are  unaffected  the 
distal  phalanges  of  the  fingers  may  usually  be  extended,  but  this 
function  is  aided  by  a  passive  extension  of  the  proximal  phalanges, 
which  are  paralyzed. 

Lead  palsy  being  due  to  the  action  of  a  poison  upon  the  nerve 
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trunk  has  all  the  charai?teriBtie»  of  a  i>eripheral  paky.     The  ma 
atrophy  and  the  reactionB  of  degeneration  appear.     These  ; 
in  mild  caeeB  may  not  be  complete ,  but  in  the  more  severe 
all  electro-excitability  of  the  muscles  may  eventually  be  lost. 
atrophy  of  the  muscle  m  sometimes  extreme.     Aa  a  rtile, 
not  impaired  in  lead  palsy.      The  principal  sensory  branches 
musculoapiral  nerve  are  from  its  main  tinnk  and  through  its 
division,  and  the  exemption  of  these  demonstrates  again  the  i 
tive  action  of  the  poison.     In  some  cases,  however,  there  is 
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irthed  sensibility.     This  is  seen  in  grave  forms  of  lead  ]>a]8y  in 
regions  of  the  body  oven  more  markedly  than  in  the  forearm, 
I  have  seen  tactile  anjesthcHia  well  marked  in  the  legs  in  caart 
j»Heu<l<»tabeH  due  to  miiltiiJe  neuritis  caused  by  lead.     In  the 
arm,  liowever,  tactile  anicstlieHia  in  not  common  in  my  observatt 
the  onlinary  w^ist  dnip  caused  by  lead. 

Lead  j>alHy  is  always  bilatoral.     I  kufiw  of  no  instance  h\ 
it  han  been  ccmtintnl  to  one  arm.     In  s*)me  cases,  however,  ou      -- 
IK  affected  l>efore  the  t>ther  or  may  ]m  worse  affe^^ted  than  its  felloM 
Some  ol)servers  claim  that  the  ri^dit  arm  suffers  sooner  ao 
than  the  left.     The  inference  is  that  this  is  due  to  the  local 
tion  of  the  poison.     Manouvriez""  called  attention  to  the  local 
of  lead  and  claimed  that   these  local  effects  corres]Kiod  to  the  I 
application  of  lead  U*  the  nkin.     In  Home  of  his  cases,  for  insi 
the  workmen  liad  used  their  feet  to  stamp  lead  and  had  loss 
power  in  the  leg.     Auicsthesia   has  occurred   in  an  area  to  wbi 
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hacl   l.>een  ai>piied.      Paiu  is  not  a  common  sympt'Om  in  wrint 
due   to  lead.     All  forniK  ul  subjective  Beusory  sjniptoma  aa  a 
are  wanting. 

diagnosis  of  lead  i>alsy  of  the  forearm  can  be  made  fii-st  from 
distribution  of  the  palsy  itself.  The  exemption  of  the  supinator 
and  of  the  extensor  of  the  metacarpal  bone  of  the  thumb  dis- 
isbes  it  from  mcmt  eases  of  paralysin  of  the  miiHeulospiral  nen^e. 
extreme  muscular  wiisting  with  reac*tioiis  of  degeneration  and  its 
tendency  to  recovery  in  some  cases  are  also  rather  in  contrast 
th  pressure  palsy.  Second,  the  histt^ry  of  the  ease  is  usually  de- 
rminative,  although  it  must  not  be  forg<»tten  that  lead  poisoning 
metimes  cxrcurs  insidiously  and  from  very  obacure  Bources.  In  all 
.,  however,  tbere  are  usually  other  syiniitoms  of  plumbism,  the 
tkoet  prominent  of  whicli  iire  the  blue  line  on  the  gums  and  colic, 
ndrd,  lead  palsy  is  uniformly  bilateral,  whereas  pressure  palsv,  as 
nik,  is  unilateral.  Tliis  rule,  Iiowever,  Ims  exeeptiouR,  as  in  the 
le  above  referred  to,  observed  by  the  writer,  in  which  a  man  htul 
nralysis  of  both  museulospiral  nerves  due  to  the  pressure  of 
:rbe8. 

The  prognosia  of  lead  palsy  of  the  interosseous  nerve  depends,  of 
(inrae,  upon  the  severity  of  the  lesion.  In  mild  cases  under  proi)er 
and  removal  of  the  cause,  recovery  may  take  place  in  from 
;ht  weeks.  In  grave  cases,  however,  eneh  iis  occur  in  jjatients 
who  continue  to  expose  themselves  to  lead  after  the  appearance  of 
ibeir  premonitory  symptoms,  the  prognosis  is  somewhat  doulitfuL 
I  have  known  a  few  cases  in  which  wrmi  drop  with  extreme  wasting 
of  the  muscles  hatl  i>6r8isted  for  more  than  a  year  and  tlireateued  to 
1»  l>ennanent.  Even  the  milder  cases  are  rather  oljstinate  and  pro- 
kagetl,  and  the  patient  should  be  told  at  the  l>egi lining  that  hia 
disability  may  last  for  several  months. 

The  (traimeid  ot  lead  palsy  of  the  interosseous  nerve  should  l)e  both 

gejieml  and  local,     A  general  antidotal  treatment  should  rvf  course 

U  adui>ted.     This  is  describetl  in  detail  in  Vol.  Ill,  of  this  work. 

Bin  sufficient  to  say  that  it  shtmld  consist  in  the  use  of  the  iodides 

Mid  of  sulphuric  acid.     Of  prime  importance,  however,  is  the  re- 

moTal  of  the  cause.     A  pjatient  who  has  once  had  lead  i>alsyj  or  in 

twtlead  j>oisoning  in  any  form,  should  never  be  permitted  again  to 

*"irk  in  lead  or  to  be  exposed  to  it  in  any  way,  if  this  can  x^ossibly 

avoided.     Such  patients  are  esf^^cially  susceptible  to  recurring 

^'ks.     This  is  true  particularly  of  the  symiitoms  here  under  con- 

leration.     The  local  treatment  of  lead  palsy  consists  iJi  the  use  of 

♦^tricity,  massage,  and  strychnine  under  the  skin  over  the  affected 

k^'le.    This  treatment,  it  cannot  be  disguised,   does  not  always 
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give  rai^id  <>r  brilliant  results.  It  Hhoiild,  however,  be  [lensavered  in 
patiently.  Iix  cases  in  which  faraJic  contractility  is  abaliabed  Um 
galvanic  ctirrent  alone  should  be  used. 


Diseases  of  the  Posterior  Thoracic  Nerve. 

This  nerve,  calleilalso  the  external  respiratory  nerve  of  Bell, 
by  two  rf>ots  from  the  fifth  anil  sixth  oervictd  nerves  just  before  thrir 
junction  in  tlje  liracbial  iilexuH.  It  has  a  very  long  eounse  upi>n  thfi 
outer  surface  of  the  Herratu«  magnua  muscle,  exteuding  along  th^ 
side  of  the  chest  to  the  extreme  lower  l>order  of  that  muscle,  which 
it  Hn]>j>lieH  with  tmmenniH  tihimeiit^  iGniy).  In  the  neck  it  {lene- 
trates  the  iiiiddte  scalenus  muscle  and  it  in  at  this  poiut  that  it  tfl 
^irobably  most  exposed.  This  nerve  is  distributed  entirely  to  the 
serratus  maKUUs  muscle  and  thus  is  one  of  the  mi^t  imi»ortJiiit 
res|)irator\'  nerves.  The  muscle  arises  by  nine  hejfnls  from  the  outer 
fturf^ice  of  the  eight  upper  rilm.  the  second  rib  having  two,  and  is  i&> 
serted  into  the  |H)sterinr  iKirder  of  the  scJifnila,  Its  action,  thersfcVBt 
when  the  shtiuldt^r  is  tixcd,  is  to  elevate  the  ribs  and  thus  expand  tllft 
ohost*  When  the  chest  is  fixed  this  muscle  rotates  the  iuferi«>r  angle 
of  the  scapula  forwards,  thus  elevating  the  shoulder.  It  also  teode 
to  hold  the  scapula  stoudily  to  the  side  of  the  chest.  By  its  adtOD  ia 
fixing  and  elevating  the  shoulder  it  assists  in  carrying  weigbia. 
These  actions  must  be  understood  by  the  clinician  to  ♦  ■  -  '  ^iin 
recognize  the  rather  anomalous  appearance  caused  In    .  sis 

the  serratus  magnus  muscle. 

The  posterior  thoracic  ner\e  may  be  injured  in  a  variety  of  wjivn 
One  f»f  the  commonest  is  from  carrying  a  heavy  weight  on  the 
shoidiler.  Muscular  exertion  ulso  seems  in  some  instances  to  ael  ae 
a  cause.  This  is  jirobably  Ijccause  the  course  of  the  ner\'e  tin  '  'be 
scalenuH  muscle  renders  it  i>eculiarly  Iial>le  t<i  compression  an-  mm 

slight  degree  to  torsion.  Thus  paralysis  of  the  nerve  has  lieeti kxifywii 
to  follow  severe  exertion  with  the  upj^^Ner  arm :  and  it  has  also  tiecorrfN] 
during  parturition.  ISluws  and  wounds  about  the  neck  or  upon  the 
chest  wall  may  also  involve  the  posterior  thoracic  nerve*  Exfiosnre  to 
cold  may  possibly  act  as  a  cause,  and  it  is  possible  that  some  caaea« 
erroneously  ascrilied  to  overexertion,  may  be  due  to  exposure  to  ookl 
when  the  surface  of  the  body  is  overheated  and  perspiring.  InjtiriM 
and  isolated  diseases  of  the  posterior  thoracic  nerve  are  rather  rare. 
The  serratus  magnus  muscle,  however,  may  be  involved  in  more 
widespread  degeuerative  affections,  such  as  progressive  mttscijlar 
atrr>phy.  Paralysis  of  the  respiratory  muscles  is  not  uncommon  in 
alcoholic  multiple  neuritis.     Tims  the  [»atieut  may  \ye  unable  t**  ex- 


Elft* 


I 


DISEASES  OF  THE  POSTERIOR  THORACIC  NERVE.  276 

pand  the  chest  as  much  as  an  inch.     In  these  cases  the  posterior 
thoracic  nerve  is  probably  the  seat  of  inflammatory  changes. 

The  symptoms  of  paralysis  of  the  serratus  magnas  muscle  are 
eaisily  recognized  when  once  understood,  but  these  cases  are  so  rare 
that  the   unique  ax)x>earance  caused  by  this  paralysis  may  puzzle 
some  observers.     The  striking  symptom  is  a  preternatural  mobility 
of  the  scapula.     This  is  shown  especially  when  the  arm  is  elevated. 
The  scapula  then,  instead  of  being  held  firmly  to  the  side  of  the  chest, 
as  a  basis  of  sux)x>ort  for  the  arm,  recedes  widely  from  the  chest  at 
its  posterior  edge,  and  at  the  same  time  rotates  so  that  its  inferior 
angle  flies  upwards  and  outwards  and  the  acromium  tends  to  de- 
scend.    This  extreme  mobility  of  the  scapula  produces  two  striking 
effects.     First,  it  gives  the  patient  a  peculiar  "  winged"  appearance, 
caused  by  the  odd  movement  of  the  scapula  away  from  the  chest 
vall.     This  movement  leaves  a  deep  sulcus  between  the  posterior 
«Ige  of  the  scapula  and  the  chest  wall.     Second,  the  hamx>ered  move- 
ment of  the  arm  when  it  is  elevated,  due  to  a  loss  of  its  base  of 
support,  is  unlike  anything  caused  by  other  paralyses.      The  in- 
spiratory movement  of  the  chest  on  the  affected  side,  especially 
deep  inspiration,  is  also  affected  by  xmralysis  of  this  muscle.     The 
chest  is  visibly  not  expanded  on  the  affected  side.     Jn  some  cases 
pain  about  the  neck  is  a  prominent  symptom  in  the  early  stages 
of  xmralysis  of  the  i)osterior  thoracic  nerve.     This  probably  indicates 
that  the  nerve  is  affected  by  an  inflammation  of  a  rheumatic  charac- 
ter or  is  due  to  cold  at  the  point  where  it  penetrates  the  scalenus 
muscle.     This  cause,  I  am  convinced,  is  more  common  than  is  gener- 
ally sux>x>o8ed.     The  x>araly8is,  in  the  great  majority  of  instances,  is 
unilateral.     Cases  have  occurred,  however,  in  which  both  nerves  were 
affected.     I  once  saw  such  a  case  in  a  child.     The  affection  is  more 
common  in  men  than  in  women,  and  this  evidently  because  the  former 
are  more  exi)osed  to  the  causes  which  x>roduce  it — i,e,,  severe  muscular 
exertion,  followed  by  checking  of  i)ersxnration  due  to  exposure  to  cold. 
In  severe  cases  the  muscle  is  no  doubt  the  seat  of  the  reactions  of  de- 
feneration, but  these  can  be  demonstrated  only  with  great  care  by  ap- 
ply ing  one  i>ole  to  the  neck  over  the  region  of  the  scalenus  muscle 
and  fULSsing  the  other  along  the  fleshy  heads  of  the  serratus  magnus 
muscle  where  they  are  attached  to  the  ribs. 

The  prognosis  in  these  cases  should  be  guarded.  As  in  the  case 
of  ymralysis  of  the  seventh  nerve  due  to  exposure  to  cold  the  course 
of  this  affection  is  sometimes  tedious.  Cases  may  persist  for  some 
moiith.s. 

In  cases  in  which  pain  is  ])resent  over  the  scalenus  muscle  active 
oounter-irritatiou  bv  means  of  a  blister  should  be  used.     The  salic- 
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ylates  also  may  be  given  in  cases  m  which  it  is  suspected  thjitf 
has  acted  as  a  cause.     Electricity,  e9|>ecially  the  galvanic  en 
may  be  used.     In  severe  cases  it  is  well  to  put  the  arm  at  rest  < 
for  a  while  in  a  sling. 


Diseases  of  the  Suprascapular  JTerTe. 

The  suprascapular  nerve  arises  from  the  p*3sterior  tnml  d 
brachial  plexus  (Van  Gehuchten*').  It  enters  the  supraspinous 
through  a  notch  in  the  upper  border  of  tlie  scapula,  passes  beoeal 
supraspinatiis  muscle  and  enters  the  supraspinous  fossa  in 
the  spiue  of  the  scapida.  It  supplies  the  supraspinatus  and  h 
spinatus  muscles.  It  is  occasionally  the  seat  of  injury  from 
or  from  carrying  heavy  weights  or,  according  to  Gowera,  from  li 
of  the  shoulder-joint,  in  which  latter  case  the  circumflex  nerve  also 
be  injured.  The  paralyeis  of  the  supraspinatus  and  infraspi 
muscles  interferes  with  sundry  movements  about  the  shoulder-ji 
esi>ecially  the  excursions  of  the  humerus.  The  act  of  writing,  te| 
stance,  may  be  impair^^d,  the  patient  l>eing  unable  to  make  the 
movemenfoi  neceHsary  to  move  the  pen.  As  the  infraspiuatous 
wastes,  the  posterior  part  of  the  deltoid  stands  out  conspicuoi 
coinparisoUj  and  this  has  led  scime  ol>servers  to  claim  that  this 
of  the  deltoid  becomes  hypertrophiedj  but  this  is  doubtful.  As 
supraspinatus  assists  the  deltoid  in  raising  the  arm  from  the  side/ 
motion  is  sHghtly  impaired  by  injury  of  this  nerve.  The  par»l; 
of  tlie  iufras])iuatus  i'auses  an  uudue  rotation  at  the  head  of 
humenis  ijiwards;  and  when  the  arm  is  raised  it  tends  to  fall  sligl 
forwards  l>ecHuse  of  tliis  paralysis. 

The  pro(jitosi.H  of  this  affection  is  favorable,  although  the  diiral 
of  i\m  paralysis  may  l>e  proloui^ed  for  weeks. 

Tlie  fraifmenf  in  by  rest  and  electricity  and  massage  to  theafft 
muscles. 

Diseases  of  tlie  Ulnar  Nerve, 

The  ulnar  nerve  arises  from  the  inner  tnink  of  the  brachial  pie: 
in  common  with  one  t^f  the  branches  of  origin  of  the  median  nen 
It  desc't^nds  on  tho  inner  aspect  of  the  upper  arm,  at  first  in 
imity  to  the  brachial  artery »  but  in  the  lower  portion  of 
deviates  from  that  artery,  passing  more  to  the  back  of  the  i 
Its  course  lies  throiigh  a  groove  between  the  internal  cond 

*  Gmy  gives  lis  nrl^in  frimi  the  cirrd  f(»niii?d  by  the  fiftli,  sixt 
cervkiil  nerves,  but  ha  diJTcr^j  ijanit^wliat  from  Vau  Gehucliteii  in  his 
tlie  brucbiiil  plexus. 
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ofecranon,  at  which  point  it  is  very  saperficial  and  in  most  persons 
cin  be  readily  felt.     Passing  from  this  groove  beliind  the  inner  con- 
dyle it  enters  the  forearm  between  the  two  heads  of  the  flexor  carpi 
nlnaris  muscle.     It  descends  on  the  ulnar  side  of  the  forearm,  being 
placed  upon  the  flexor  profundus  digitorum  muscle.     For  most  of  its 
coune  in  the  forearm  it  is  in  close  proximity  to  the  ulnar  artery.     At 
the  wrist  the  nerve  crosses  the  annular  ligament  and  just  beyond  this 
ligament  divides  into  its  two  terminal  branches — the  sui)erficial  and 
deep  palmar  (Gray).     The  ulnar  nerve  gives  off  no  branches  in  the 
upper  arm.     At  the  elbow  it  gives  off  an  articular  branch,  and  lower 
b  its  course  it  gives  off  muscular  and  cutaneous  branches  and  another 
irticular  branch  which  supplies  the  wrist.     The  muscles  supplied  by 
the  ulnar  nerve  are  esx>ecially  the  flexor  cari)i  ulnaris  and  part  of  the 
flexor  profundus  digitorum,  the  palmaris  brevis,  the  muscles  of  the 
Ktde  finger,  the  dorsal  and  x)almar  interosseous  muscles,  two  of  the 
himbricales  muscles,  the  adductor  poUicis,  and  one  head  of  the  flexor 
brevis  pollicis.     In  consequence  of  this  distribution  the  ulnar  nerve 
18  exclusively  a  flexor  nerve.     By  the  flexor  carpi  ulnaris  muscle  it 
]»eeide8  i)artially  over  the  flexion  of  the  hand  at  the  wrist.     By  the 
^or  profundus  digitorum  it  presides  over  the  flexion  of  the  last 
phalanges,  esi)ecially  of  the  little  and  ring  fingers.     By  the  lum- 
twicales,   which  are  accessories  to  the  deep  flexor  muscle,  it  still 
further  controls  this  movement.     By  the  interossei  it  partially  con- 
trols the  lateral  movements  of  the  finger  and  the  extension  of  the 
second  and  thinl  phalanges  and  flexion  of  the  first.     By  the  adductor 
pollicis  it  controls  partially  the  movement  of  the  thumb  towards  the 
palm. 

By  its  cutaneous  branches  it  supplies  part  of  the  skin  of  the  fore- 
arm, e8i>ecially  that  over  the  ulnar  aspect,  and  also  the  skin  covering 
the  ulnar  asi>ect  of  the  hand,  the  little  finger,  and  the  ulnar  side  of 
the  rin^  finger. 

The  ulnar  nerve  is  especially  liable  to  injury  and  disease.  Its 
very  exi)08ed  course  in  some  portions  of  the  arm,  especially  beliind 
the  internal  condyle  and  at  the  vrrisi,  renders  it  extremely  liable  to 
injury  in  lacerated  and  incised  wounds  of  the  arm  and  forearm.  All 
sorts  of  cuts  from  all  sorts  of  weapons  may  injure  the  ulnar  nene. 
It  has  been  divided  by  a  stab  wound  from  a  knife,  injured  in  the 
lacerated  and  contused  wounds  caused  by  machinery,  and  even  sev- 
ered by  broken  glass.  I  knew  an  instance  of  the  latter  accident  in  the 
case  of  a  house  iminter,  who  fell  through  a  skylight,  severely  lacer- 
ating his  arm  and  severing  the  ulnar  nerve  and  artery.  Gunshot  and 
pLstc>l-«hot  wounds  have  also  involved  this  ners'e.  It  has  lx»en  injured 
by  prolonged  pressure  in  the  case  of  a  glass-blower  at  his  work. 
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BiilM"*  records  im  iimtanee  of  tliia  kiad.  The  ulnar  iienr©  haa 
been  involved  in  uiHligmint  growths.  Thus  Briddon'"  relutirHl  tt 
of  sarcoma  uf  the  nhiai"  uerve  which  ended  in  amputation  of  the  tihouF" 
der-joint  and  exsection  of  the  scapula,  fcj.  Jones"*  re^Kirtod  a  ouio 
of  neuroma,  follomn^  trauma,  uf  the  ulnar  nerve,  with  Iohh  of  functton* 
The  nerve  has  sometimeH  l>een  dislocated  with  varying  etTei^ts*  uimm 
its  function.  F.  J.  Lutz'**  rejjorted  an  instanca  of  habitxial  dijiloe^ 
tion  of  the  left  ulnar  nerve.  BlattuuLnn'"  also  ciuktrihuted  to  iliis 
subject  of  diHhK'ation  of  the  ulnar  nerve  as  early  aa  185L  WTiar- 
ton'"  has  rei»orted  a  case  of  diHlocation  of  the  ulnar  nent*  at  Uis 
elbow,  and  haH  given  a  rhume  of  thirteen  other  cases  from  the  lit^fA- 
ture.  He  says  that  this  accident  is  usujiDy  a8s<x'iaie<l  with  frac'ium 
or  dislocation,  but  it  may  also  result  from  direct  violence,  from  mmh- 
cttlar  eftort,  t»r  fnjm  violent  flexion  of  the  foreann.  This  lati«T  iMxi- 
dent  causes  l-U'erntiou  of  the  fiiscia,  which  hnlds  tli**  nerv^e  in  it«  ^ntxyvs 
behind  the  internal  condvle.  The  symptiJius  are  pain,  tingling,  aJid 
8ome  disaliility  of  the  elbow,  but  they  usually  suliside  mpiillr.  Per» 
manent  disability  is  rare.  This  is  likely  to  follow  in  those  few  in- 
stances in  which  neuritis  (levelops.  The  nerve  should  Iw?  re[ihi€^e>d, 
and,  if  necessary »  kept  in  place  by  fixation  of  the  elbow-joint  in 
plaster  uf  Paris,  MacCunnick  fixed  the  ner\*e  in  phu'e  with  ]f»o|i9  tif 
kangaroo  tendon  piiased  througli  the  inner  margin  of  the  tricepa  and 
then  ar<»und  the  nerve. 

The  nluiir  nerve  luis  W^n  injured  by  fracture  of  the  bcmeii  ol 
arm.     Thus  Panas"'  relates  a  case  of  paralysis  of  the  uloar  ue\ 
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showing  itwelf  twelve  years  after  a  fracture  at  the  eib<^w.  This 
supposed  to  lie  due  to  a  gradual  filling  uji  of  the  gnxive  l)ehiud  thi) 
internal  condyle  in  which  the  nerve  i-uns,  and  to  gradual  pressure 
upon  the  nerve  and  alteration  of  Oh  nutrition.  This  alteration  eiiij- 
sisted  in  a  thickening  and  induration  of  the  nenre,  simulating  a  neu- 
roma. 

AveZiOu"  relates  a  atse  of  fracture  of  the  humenis,  eausiDg  a  lesion 
of  the  ulnar  nerve.  This  residtcd  in  atrojihy  of  the  arm,  pains  in 
the  elbt>w,  and  trophic  k»siou8  in  the  hand;  tlio  lingers,  thi^  hand,  the 
wrist,  and  the  lower  i>art  of  the  forearm  were  discolored  a  riolet 
hue.  In  this  case  senHilnlity  had  almost  entirely  disap|ie4ire<l  frr»m 
the  dorsal  aspect  of  the  hand  save  in  the  area  of  the  second  ami  third 
phalanges  of  the  index,  middle,  and  ring  fingers. 

Next  to  injury  alcoholic  multiple  neuritis  is  prolwdilv  the  uumi 
frequent  cause  of  impairment  of  the  ulnar  nerve,  but  tliis  occurs,  of 
oourae,  in  conjunction  with  paralysis  of  many  other  nerves  of  the 
I>o<ly.  Isolated  yeuritis  of  the  nluar  ner\e,  due  to  cold  for  instance, 
is  probably  never  seen.     I  have  never  seen  nor  beard  of  an  uneqtuT- 
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ocal  example  of  this  cause  of  neuritis,  although  some  cases  which 
•re  reported  of  i>aral3'sis  of  the  ulnar  nerve,  due  to  exposure  during 
deep  and  8npx>08ed  to  be  favored  by  pressure,  may  possibly  have 
been  partially  due  to  cold.     Pressure  palsy  of  the  ulnar  nerve,  caused 
daring  sleep,  is  not  nearly  so  common  as  this  kind  of  palsy  of  the 
nmscnlospiral  nerve.     The  position  of  the  nerve  on  the  inner  aspect 
of  the  arm  leaves  it  less  exposed  than  is  the  musculo-spiral  nerve. 
Still  a  few  examples  have  been  seen.     The  nerve  may  be  injured, 
i      as  already  said,  in  cases  of  fracture  at  various  points  of  the  bones 
of  the  arm  and  forearm  and  also  in  dislocation,  especially  of  the  elbow- 
joint.    Gowers  refers  to  a  case  of  iniSammation  of  the  ulnar  nerve  follow- 
ing (larturition,  and  Bernhardt  referred  to  a  case  following  typhoid 
ferer.    In  both  these  instances  pressure  was  probably  a  factor  in  the 
causation.     In  prolonged  and  difficult  labor  excessive  muscular  exer- 
tion, with  pressure  or  probably  a  blow  or  contusion  unconsciously 
ioflicted  by  the  patient  herself,  might  cause  injury  and  paralysis  of 
the  nerve. 

The  symptoms  of  diHease  and  injury  of  the  ulnar  ner^•e  are  pa- 
rdysis  of  the  muscles  supplied  by  the  nerve,  causing  a  characteristic 
impairment  and  deformity  of  the  forearm  and  hand,  anaesthesia  in  a 
veil-defined  territory,  and  trophic  lesions. 

The  paralysis  of  the  flexor  carpi  ulnaris  muscle,  which  is  one  of 
the  two  important  flexors  of  the  wrist,  causes  a  deviation  of  the  hand 
towards  the  radial  side  on  attempts  at  flexion.  This  impairs  very 
much  the  patient's  ability  to  grasp  objects  firmly  and  draw  them 
towards  him.  Flexion  of  the  little  and  ring  fingers  is  especially 
impairetl;  in&ict,  the  little  finger  is  almost  entirely  paralyzed.  The 
power  of  adduction  of  the  thumb  towards  the  palm  is  lost ;  and  the 
abcilitiou  of  this  most  imix)rtaut  function  seriously  impairs  the  pa- 
tient's ability  to  grasp  small  objects.  The  paralysis  of  the  interossei 
an^l  lumbricales  muscles  causes  abolition  of  the  power  of  flexion  of 
the  first  phalanges  and  of  extension  of  the  second  and  third  pha- 
laniJ^es ;  but  this  loss  is  less  in  the  first  two  fingers  because  their  mus- 
cles are  supplied  by  the  median  nerve.  This  paralysis  of  the  inter- 
ossei and  lumbricales  muscles  causes  a  very  characteristic  deformity, 
which  cannot  be  mistaken  after  it  is  once  seen.  Thus  the  first  pha- 
langes l)ecome  overextended,  much  more  than  is  possible  by  volun- 
tary power,  and  the  second  and  third  i)halanges  become  strongly 
flexed.  This  gives  the  hand  a  i)eculiar  claw-like  appearance,  which 
has  been  called  by  the  French  the  "main-en-griffe."  Tliis  is  seen 
only  as  a  result  of  paralysis  of  the  muscles  supplied  by  the  ulnar 
nerve,  but  is  rather  more  complete  in  cases  of  muscular  atro]ihy 
than  of  i)eripheral  lesions  of  the  nerve  trunk,  for  the  reason  that 
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iu  the  former  case  the  lumbriealeH  of  the  first  and  second  fingen 
are  also  involved.  lu  loDg-staiitliiig  cases,  in  which  muscstlAr 
atrophy  has  occurred,  the  hand  is  peculiarly  wasted  anil  dialorledL 
The  spaces  between  the  metacarpal  l)<ine8  are  hoUowetl  out  b^ 
cause  of  the  wasting  of  the  iuterossei  muscles.  The  |>alm  of  ibe 
hand  is  especially  wasted  and  hollnwed  aud  the  hyjvothenAr  eml* 
nence  is  tinttened.  The  unaffected  thenar  muscles  stand  out  coo- 
8i>i€aoii8ly  and  the  opimiieus  muscle  of  the  thumb  oaOMS  foIa* 
tiou  forwards  of  that  meml>er,  SeOHation  is  variously  affected  in 
leBiouH  of  the  uluar  nei've  act'ordiDg  to  their  severity.  Tiuglui^  aod 
burning  seunation.s  are  not  uncommun  and  may  be  aggmrfied  by 
pressure  ou  the  nerve  tehind  the  iutenial  condyle.  As  iu  ihm 
cases  of  all  nerves,  however,  the  motor  fibres  may  be  more  involved 
than  the  senstjry.  This  may  be  so  in  cases  especially  of  injury 
caused  by  lu-esHure.  In  totally  destructive  lesions  ami^stht^ia  in  ihm 
area  of  distrilnitiun  t>f  the  nerve  will  l>e  comjilete.  This  area  is 
the  nlnar  side  of  the  hand,  in  lx)th  the  palmar  and  dorsal  aspect, 
includes  tlie  whole  of  the  little  finger  and  the  inner  half  of  the 
finger.  The  anav^thesia  may  also  extend  some  distance  al>ove 
wrist  on  the  idnar  as|>eot  of  the  arm.  In  irritative  lesions  of  the 
nen^e,  such  as  lacerated  woundn  an<l  gunshot  and  pistol-shot  wounila, 
trophic  lesions  are  not  uncommon.  Thus  a  i>ortion  of  the  hand  and 
forearm  may  become  swollen  and  o?<lematous,  and  the  skin  over  the 
ulnar  diHtrilmtion  may  present  the  f>eculiar  glossy  ai>pearanoe 
in  this  kind  of  nerve  injury.  These  pbenomeua  are  acoom] 
with  Inirning  pain,  the  "causalgia"  of  Weir  Mitchell.  In  additiao 
to  the  extreme  muHcular  atrophy  other  trophic  lesions  may  appear* 
Heqjetic  and  i>emiiliigoid  erujjtions  may  occur  and  these  may  break 
down  in  ulcers.     Occasioually  even  whitlow  may  8Ui>ervene. 

The  ifiag/ioHU  of  lesions  of  the  ulnar  nerve  is  comparatively  (ttaj. 
The  symptoms  just  desc^riljed  are  so  characteristic  as  to  lie  ut 
takable,  and  usually  the  history  of  the  case  is  clear.  In  mild 
due  to  pi*es8Ure,  wliicli  has  occurred  uuconscioiLsly  to  the  jiatient, 
during  sleep  or  in  the  rtgony  of  parturitiou,  some  little  ciire  may 
necessary  to  establish  the  disgnosis*  Even  in  these  eiifles,  howefar, 
the  impairment  of  power  is  cpiite  cliaracteriHtic.  The  awkwanlnees  at 
the  patient  in  flexing  the  hand,  the  irai»airment  of  ability  to  hold 
olijects  firmly,  the  weakness  of  the  thumb  due  to  the  paralysis  of  its 
atlductor  muscle,  the  paralysis  of  the  little  finger,  and  the  im]iaired 
]KJwer  of  flexion  of  the  first  phalanges,  all  constitute  a  picture  whicli 
is  unmistakal>le.  That  the  affection  is  iieripheral  and  confined  to  tb« 
muscles  supi»lietl  by  the  one  nerve  can  readily  l>e  determined  by  the 
preservation  of  power  of  all  the  other  muscles  in  the  forearm. 
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As  in  all  cases  of  lesions  of  nerve  trunks  the  muscles  degenerate  and 
the  reactioiis  of  degeneration  are  usually  promptly  established.  Ex- 
ceptions may  occur  in  cases  of  very  mild  injury,  and  in  such  instances 
electro-excitability  of  the  muscles  may  not  be  radically  altered.  Even 
in  such  eases,  however,  there  is  usually  some  diminution  or  even 
complete  abolition  of  the  faradic  contractility. 

The  treatment  of  lesions  of  the  ulnar  nerve  will  depend  of  course 
lugely  upon  their  nature  and  extent.     In  grave  surgical  lesions  the 
treatment  of  the  nerve  forms  part  of  the  general  treatment  of  the  case. 
After  the  injury  to  the  soft  parts  has  been  proi)erly  treated  the  arm 
should  be  put  at  i)erfect  rest.     Later,  when  the  wounds  have  healed, 
if  paralysis  of  the  muscles  i)ersists,  electricity  should  be  used.     In 
OSes  in  which  the  nen-e  has  been  badly  lacerated  direct  surgical 
treatment  of  the  wound  may  be  necessary.     This  is  so  especially  if 
the  nerve  has  been  completely  severed.     In  such  a  case  its  ends 
should  be  carefully  trimmed  and  sutured  with  all  antiseptic  x)i*ecau- 
tioDs.    In  long-standing  cases,  in  which  muscular  atrophy  and  con- 
tnu:tnre  have  occurred,  great  care  and  patience  will  be  necessary. 
The  fingers  should  be  supported  on  a  splint,  electricity  should  be  a]> 
pliedy  gentle  massage  should  be  used,  and  strychnine  should  be  given 
hypodermically.     In  cases  of  slight  injury  about  the  olecranon,  in 
which  the  nerve  trunk  can  l)e  felt  to  be  swollen  and  sensitive,  counter- 
irritation  b\'  means  of  a  blister  should  be  used.     Iodide  of  potassium 
and  the  salicylates  are  of  no  use  in  the  great  majority  of  cases  of  in- 
jury to  the  ulnar  nerve.     In  any  rare  instance,  however,  in  which  a 
rhenmatoid  inflammation  seems  to  have  been  excited  in  the  nerve 
trunk,  the  ])atient  might  have  the  doubtful  benefit  of  treatment  with 
the  salicylates. 

The  pnxjuofiis  in  all  cases  of  injury  to  the  ulnar  nerve  should 
be  most  guarded.  In  cases  of  severe  injury  the  progress  will  be 
slow  and  tedious.  The  resulting  deformity  will  be  very  great,  and 
mc^t  disjibling  to  the  patient.  In  some  cases,  in  fact,  permanent 
disability  will  result.  In  cases  in  which  the  muscular  atrojJiy  has 
aclvanceil  to  such  an  extreme  degree  that  the  characteristic  "  main-en- 
^rriffe"  has  resulted,  the  prospect  for  a  com])lete  recovery  is  exceed- 
in^^ly  doubtful.  Even  in  such  cases,  however,  persistent  efforts 
gbnnld  be  made  with  electricity,  massage,  and  j)a8sive  movements  to 
overcome  the  deformity  and  to  restore  some  function  to  the  disal)led 
hand.  The  importance  of  this  can  be  recognized  when  it  is  under- 
stocxl  that  the  deformity  caused  by  hopeless  ])aralyais  of  the  ulnar 
uf  rve  entails  ujwu  the  patient  a  disability  which  is  even  woi-se  than 
that  causeil  by  an  amputation  of  the  forearm. 
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Diseases  of  the  Median  Nerve. 

Til©  median  nerve  arisen  hy  two  branches,  one  from  the  inner  and 
one  froci  tli©  outer  cord  of  the  Imichial  plexuB.  These  branches 
embrace  the  uxillary  artery,  uniting  just  in  Inmi  of  or  a  Httli* 
to  the  out4?r  side  of  that  vessel  (Gray).  Its  relations  as  it 
down  tlie  arm  are  especially  close  to  the  artery.  At  the  liend  of  ' 
elbow  it  lies  on  the  inner  side  of  thin  ^  mI  in  close  proximitjr 

to  it.  It  descends  through  the  miuuu  .d  the*  forearm  on  ita 
anterior  aspec^t  just  beneath  the  Hexor  sublimis  muscle.  Before 
reac^hing  the  annular  hgnnient  at  the  wrist  it  becomes  much  more 
superticiah  lying  Iwtween  the  llexorsubliiois  and  flexor  carpi  radialis 
and  covered  ouh  hy  the  skin  luid  fancia.  It  [lasses  under  the  a&Bolar 
ligament  into  the  fmlni  of  the  hand,  where  it  divides  into  digital 
branches  to  the  thumb,  index,  middle,  and  ring  fingers.  The 
diau  is  a  mixed  nen^e,  /.t\,  it  contains  Ijotb  motor  and  sensory  III 
Ml  its  branches  are  given  off  in  the  forearm.  It  supiilies  all  the  mu 
cles  on  the  front  of  the  forearm  except  the  flexor  cari>i  ulnaris  and  i 
inner  half  of  the  flexor  profundus  digitoruuL  The  muades  supplied 
by  the  median  nerves,  in  otber  wordn,  arc  largely  flexor  and  proDatc>r» 
while  in  tlie  ]ialni  of  the  hand  it  supfdies  the  alitluctor,  theopjionetm, 
and  the  nhort  flexor  of  the  thumb.  It  supplies  tlie  first  and  secoud 
himbrical  mustdes.  The  nitHlian  nene  is  thus  the  fellow  of  the  uluar 
nerve,  Ixtth  of  them  Inking  alm(»st  entirely  flexor. 

The  sensory  fibres  u{  the  metlian  nerve  supidy  the  palm  of  the 
hand  and  tlie  palmar  surfaces  of  the  thumb,  index  and  middle  fingers, 
and  the  radial  siile  of  the  ring  finger. 

The  median,  like  the  ulnar  nerve,  may  be  the  seat  of  either  injiif^r 
or  disease.  It  is  apparently,  however,  not  so  often  injured  as  the 
ulnar  or  muscuh^spiral  nerv^es.  The  reason  for  this  must  Ite  its 
location,  although  it  is  apparently-  as  much  exp^ised  as  the  ulnar.  In 
the  forearm,  liowever,  it  is  rather  more  protectetl,  and  ah*o  where  it 
crosses  the  elbow,  as  it  is  there  on  the  internal  aspec*t  of  the  arm, 
whraeas  the  ulnar  crosses  that  joint  in  a  very  sui>erficial  locatiati 
between  the  olecranon  and  internal  condvle.  In  cases  in  which  il  is 
injured  by  inciserl,  hwerated,  or  contused  wounds,  there  is  also  of 
necessity  more  or  Ws  injury  to  blood-vessels  and  tendons.  The 
median  nerve  may  be  injured  and  even  entirely  divided  by  incised 
wounds,  Bf)eckel  "*  relates  such  an  accident  to  the  median  nero^ 
associated  witli  division  of  the  flexor  tendons  and  the  braohisl  Sftofj* 
Duret  *'*  rejjorts  a  case  of  contused  wound  of  this  nerve,  followed  hj 
tropliio  lesions.      Ferret '"  reports  a  case  of  injurv-  to  the  metiian 
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nerve  caused  by  a  surgiciil  operation  to  the  elbow.     Lefort  *"  relates 
a  case  of  gunshot  wound  of  the  median  nen^e.     Gunshot  wounds  of  the 
nerve,  in  fact,  seem  to  be  the  commonest  injury.     Lawrie'"  and 
Warren'"  have  related  instances  of  such  wounds.     Avezou,"  in  his 
monograph  on  contusions  of  the  nerves  of  the  arm,  has  related  a 
number  of  instances  of  injury  to  the  median  nerve.     Isolated  diseases 
of  the  median  ner\'e,  such  as  inflammation  due  to  cold,  are  exceedingly 
oncommon.     This  nerve  is,  of  course,  involved  with  many  other  nerves 
in  multiple  neuritis  from  various  causes.     Thus  in  the  neuritis  caused 
by  alcohol  the  median  nerve  may  be  involved,  although  the  muscles 
sapplied  by  it  are  not  so  much  affected  in  this  disease  as-  are  the 
extensor  muscles  of  the  hand  supplied  by  the  musculospiral  nerve. 
Potain'"  has  re|x>rted  a  case  of  paralysis  of  the  median  nerve,  which 
lie  describes  as  of  rheumatic  origin.     Such  a  case  might  possibly 
be  caused  by  exposure  to  cold,  but  this,  as  said  aliove,  must  be  ex- 
tremely rare.     The  nene  is  not  often  involved  by  pressure  of  the 
head  during  sleep,  as  is  the  musculospiral.     This  is  evidently  be- 
cause its  ix)sition  does  not  favor  such  an  accident.     Fractures  of 
the  bones  of  the  forearm  may  involve  the  median  nen'e,  and  redun- 
dant (*allu8  may  make  pressure  upon  it.     Violent  muscular  contrac- 
ti*>n  of  the  pi*onator  teres  muscle  has  been  known  to  cause  paralysis 
of  this  ner\'e  (Wel>er,  quoted  by  Gowers). 

The  st/mpfoms  of  paralysis  of  the  median  nerv-e  are  loss  of  power 
of  jiTonation  and  flexion.  The  forearm  cannot  be  pronated  beyond 
the  mid-iMwition,  and  when  this  is  attempted  the  patient  endeavors  to 
supjilemeut  the  movement  by  rotating  the  humerus  inwards  and  at 
the  same  time  alxluctiug  the  elbow  from  the  aide.  Flexion  of  the 
wTMt  can  be  accomplished  only  by  the  flexor  carpi  uluaris.  Couse- 
qnently  the  hand  is  strongly  flexed  towards  the  ulnar  side  only.  The 
tbomb  cannot  he  flexed  and  abducted,  and,  because  of  tlie  ])aralysi8  of 
the  opponens  muscle,  cannot  be  opposed  to  the  tii)S  of  the  fingers. 
This  ia  a  very  characteristic  disability  caused  by  ])aralysis  of  the 
me<lian  nerve.  Flexion  of  the  jJialanges  is  lost  excei)t  for  the  distal 
phalanges  of  the  ring  and  little  fingers  which  are  sui)i)lied  by  the 
ulnar  half  of  the  flexor  i)rofundus  digitorum.  The  uno])posed  ex- 
tensor action  of  the  interossei  muscles  may  cause  a  subluxation  of 
the  articulation  between  the  middle  and  distal  phalanges.  The 
thenar  eminence  wastes.  Anjesthesia,  if  present,  is  on  the  surface  of 
the  palm,  on  the  palmar  surfaces  of  the  thumb,  index,  and  middle 
fingers,  on  the  radial  side  of  the  ring  finger,  and  on  tlie  dorsal  tips 
of  the  thumb  and  first  three  fingers  (Fig.  82). 

Afl  in  all  cases  of  injuries  to  nerves  tro])hic  lesions  are  not  uncom- 
mon.    In  a  case  reported  by  Duret  *'*  such  lesions  were  found.     Scars 
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were  formed  at  the  extremities  of  tlie  fiD^erH  aa  a  result  of  tropbie 
uli^erHtinu.  Kiclielot '''  relates  ti  ease  of  woimd  of  the  mctliiin  nervt 
with  adhere ut  cicatrix  mid  anaesthesia  aud  trophic  disordera,  Voi- 
toriez*'"  also  relates  a  case  of  wound  of  this  Der\'e  canaiug  trophici 
leaioQs* 

The  diatjutfsis  of  paralyis  of  the  median  nerve  is  naually  dalar- 
miued  by  the  history  of  the  case  aud  tlie  chariicteriatic  diatribittiott 
of  the  paralysis  of  the  muscles.     The  loss  of  jKiwer  of  prouattOQ.  lllA 
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awkward  flexion  of  the  wrist,  the  adduction  and  extension  of  the 
thumb,  and  the  loss  nl  power  of  flexion  of  the  finpers  are  iJl  charao- 
teristic.  The  afl'ected  muHcles  waste  and  [>resent  the  reactions  of  d^ 
generation,  and  these  symptoms  sen*e  to  distinguish  the  paralyaia 
frnm  that  canaeil  by  cerebral  lesions. 

The  frenfrnt'tft  of  injuries  to  tlie  median  nerve  is  similar  to  thai 
indicated  for  the  idnar.  In  ease  of  division  of  the  ner\'e  the  eiida 
should  lie  freshly  pared  and  sutured.  The  associateil  wound  of  the 
soft  parts  will  of  course  require  siieeial  surgic^il  treatment  and  tha 
arm  should  be  iiut  carefully  at  rest.  Later,  if  paralysis  persiala«  dee- 
tricity,  mass^ige,  and  strychnine  should  l>e  used. 

The  distribution  of  the  sensory  terminals  of  the  median  nerve 
in  the  skin  is  a  subject  of  some  interest.  Cmveilhier  taught  thai 
the  skin  of  the  dorsal  fis|>ect  of  the  fingers  rei'eiveil  all  its  sermarj 
supply  fi'om  the  radial  and  ulnar  nerves.  Anatomiflt«  generaUj, 
however,  have  claimed  that  the  various  terminals  of  the  nerves  of  the 
arm  anastomose,  but  such  anastomosis  we  recognize  now  witli  otir 
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present  knowledge  of  the  neuron  to  be  impossible.  Letievant  noted 
later  that  the  facts  of  pathology  were  in  opposition  to  the  teachings 
of  the  anatomists:  Bichelot  collected  many  observations  upon  the 
affections  of  sensibility  occurring  after  section  of  the  median  nerve. 
According  to  his  observations  the  dorsal  asi>ect  of  the  last  two 
phalanges  of  the  index  and  middle  finger  and  the  radial  half  of  the 
last  two  phalanges  of  the  ring  finger  receive  their  sensibility  from  the 
median  nerve.  It  is  possible  also  that  the  dorsal  aspect  of  the  last 
phalanx  of  the  thumb  receives  its  sensory  supply  from  the  median 
nerve.  Thus  in  a  case  recorded  by  Durham/"  of  paralysis  of  the 
median  nerve  after  wound  at  the  wrist,  there  was  diminution  but  not 
abolition  of  sensibility  ui)ou  the  dorsal  aspect  of  the  second  phalanx 
and  thumb.  Three  months  after  the  accident  the  patient  had  almost 
normal  movements  at  the  wrist,  and  could  fiex  and  extend  his  fingers, 
bat  not  perfectly.  The  sensibility  in  the  distribution  of  the  median 
nenre  was  almost  entirely  lost,  i.e.,  upon  the  j^almar  surface,  in  the 
iKoal  area.  On  the  dorsal  aspect  of  the  hand  sensibility  was  abolished 
over  the  terminal  phalanges  of  the  ring,  middle,  and  index  fingers, 
and  was  diminished  but  not  entirely  lost  over  the  terminal  phalanx 
of  the  thumb.  It  is  i^ossible,  however,  as  Avezou'"  states,  that  this 
was  an  anomalous  distribution.  It  seems  in  fact  that  the  median 
nerve  presents  varieties  of  distribution,  but  the  one  shown  in  the 
diagram  after  Avezou  (Fig.  32)  probably  represents  its  widest  dis- 
tribution and  corresixmds  with  the  affected  area  in  Durham's  case. 

Diseases  of  the  Anterior  Thoracic  Nerves. 

These  nerves,  two  in  number,  supply  the  pectoralis  major  and 
minor  muscles.  The  external  nerve  arises  from  the  outer  cord  of  the 
brachial  plexus  and  is  distributed  to  the  under  surface  of  the  pec- 
toralis major  muscle.  The  internal  nerve  arises  from  the  inner  cord 
of  the  brachial  plexus  and  is  distributed  to  the  under  surface  of  the 
the  pectoralis  minor  and  pectoralis  major  muscles.  These  nerves  may 
be  involve<l  in  any  lesion  high  in  the  brachial  plexus.  As  they  arise, 
however,  from  tlie  upper  part  of  the  outer  and  inner  cords  respec- 
tively they  e8cai)e  in  any  lesion  of  the  brachial  plexus  below  the 
clavicle.  Thus  in  Baymond's  case  of  injury  to  the  retroclavicular 
portion  of  the  brachial  plexus  by  a  large  blood  clot,  causing  press- 
nre,  these  nerves  were  not  involved,  conseciuently  the  pectoral  mus- 
cles were  not  paralyzed.  Isolated  paralyses  of  these  nerves  must 
be  extremely  rare.  I  do  not  know  of  any  example.  They  would  not 
likely  be  injured  by  any  lesion  that  did  not  also  involve  some  other 
branches  or  some  trunk  of  the  plexus  itself.     In  cases  of  general 
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museiilar  atrophy  involving  the  muscles  of  the  shoulder  and 
mnselea  supplied  by  these  nerves  may  be  wasted.  The  Derres 
BelveB  are  never  the  seat  of  an  isolated  neuritis  caused  by  cdd 
any  poison  circulating  in  the  blood.  A  few  instances  are  on  i 
of  congenital  absence  of  the  peetorolis  major  awd  minor  ma 
The  exact  cause  for  such  an  abnormality  is  not  clear.  Defa 
development  or  absence  of  these  muscles  has  been  attributed  to 
matism  or  to   infantile  paralysis.      Congenital    absence  of  i 


Fjo,  iti.— Absence  of  tii«  Right  Ptectoralis  Major  and  Minor  Muscle*. 

muscles  has  alno  been  noted,  although  from  the  literature  it 
that  thin  absence  of  the  two  pectoral  muscles  is  rather  the 
common. 

The  following  case  of  congenital  absence  of  the  pectoralia 
and  minor  nuiHclea  is  reconled  here  as  an  instance  of  this  ratber 
auoiiialy,  althfuigh  it  Iuls  been  impossible  to  associate  it  with  ii 
or  disciiso  of  the  anterior  thoracic  nerves. 

P.   M ',  aged  5H,  white,   was  admitted  into  tlu- 

Hosfiital,  uudf^r    my   care,  for    syphilitic    niening«.i 
middorsjd   rf^^non.     The  niURCular  anomaly  is  as  f"i 
rif^ht  .si dp  of  the  rliowt  there  is  j^reat  depressicm  and  tl 
region  of  tlie  pectoral  muscles.     Examination  show^ 
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complete  absence  of  the  lower  belly  or  sternal  portion  of  the  greater 
pectoral  muscle  and  of  a  i)ortion  of  the  upper  belly  or  clavicular  por- 
tion.    Only  that  small  part  of  the  muscle  remains  that  is  attached 
to  the  middle  third  of  the  clavicle.     The  pectoralis  minor  muscle 
id  entirely  absent.      Upon  abduction  of  the  arm  the  costocoracoid 
membrane  stands  out  prominently  as  a  fibrous  band,  and  the  small 
remaining  portion  of  the  clavicular  belly  of   the  pectoralis  major 
becomes  knotted  and  firm,  showing  good  development.     In  no  move- 
ment of  the  arm  has  the  patient  noted  the  least  weakness  or  incon- 
veDieuce,  and  this  is  a  remarkable  feature  of  the  case.     He  says  he 
\a  as  strong  in  his  right  arm  as  in  his  left.     He  has  always  been  used 
to  hard  work  as  a  laborer,  most  of  his  time  having  been  spent  with 
the  pick  and  shovel  in  a  stone  quarry.     The  asymmetry  of  the  right 
side  of  his  chest,  he  says,  has  been  present  since  birth.     No  history 
of  dystocia  could  be  obtained.     There  is  no  history  of  malformation 
in  other  members  of  the  family.     The  only  impairment  of  motion  is 
fieen  when  the  patient's  arm  is  forcibly  abducteil  and  held,  then  when 
he  is  bidden  to  adduct  the  arm  across  the  chest  there  is  evidently 
S4»me  failure  of  power,  which  is  made  up  in  part  by  violent  move- 
uentR  of  the  deltoid  muscle. 

Azam  and  Casteret"'  have  reported  the  cases  of  two  young 
stJdiers  in  whom  the  pectoral  muscles  were  absent.  In  one  case  the 
pectoralis  major  was  reduced  to  a  slender  fasciculus  composed  of  the 
ekvicular  portion,  and  to  an  hypertrophied  fasciculus  attached  to  two 
rilis  and  to  the  border  of  the  sternum.  The  pectoralis  minor  was  a 
slemler  fasciculus  merely.  In  the  second  case  the  pectoral  muscles 
on  the  left  side  were  entirely  wanting. 

Fere'**  gives  a  picture  of  an  epileptic  boy  with  congenital  ab- 
s<^nce  of  the  great  ])ectorali8  muscle  of  the  left  side.  He  says  it  is 
the  <  >nly  anomaly  of  the  kind  he  has  seen  in  an  epileptic.  No  sig- 
Liticance,  however,  can  be  attached  to  the  anomaly  with  respect  to 
♦-pileiisy.  Poland""  reported  a  case  of  absence  of  the  i)ectoral  mus- 
cles in  a  convict. 

Hofmann'"  reports  a  case  of  a  man  aged  forty-seven  who  pre- 
sented the  following  condition :  The  sternal  i)ortion  of  the  right  i)ec- 
toralis  major  was  completely  absent,  while  the  clavicular  portion  and 
the  jjectoralis  minor  were  well  developed.  The  entire  upper  limb 
waH  shorter  and  smaller  than  its  fellow.  The  fingers  of  the  right 
hand  were  in  the  ixwition  of  the  claw  hand.  Between  the  right  index 
ami  middle  fingers  and  between  the  latter  and  the  ring  finger  there 
was  a  bridge  of  skin  to  the  middle  of  the  first  ])lialanx.  Between  the 
rinu  and  little  fingers  there  was  a  similar  bridge  of  skin  extending  a 
little  farther  fori^-ards.  On  the  volar  side  of  the  right  hand  the  in- 
t^rj^^^^^^f^^^l  furrows  were  absent  on  all  the  fingers  but  not  on  the 
tliurab.  In  spite  of  the  atrojdiy  the  right  arm  was  as  powerful  as 
the  left.     Hofmann  says  that  only  ten  cases  of  deficiency  of  the  breast 
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muscles  with  this  contlitiou  of  the  hand  have  been  reporte<L  In  mo^t 
of  these  cases  the  patients  were  meu  nud  the  auoiaaly  was  on  the  right 
side. 

Biseases  of  the  MuBcuIocutaneouB  Ner^e. 

This  nerve  arises  from  the  outer  cord  nf  the  brachial  plexus  oppo- 
site the  lower  border  of  the  ]>ectoraii8  miuor  iiuuscle,  lifter  j^erfo- 
rating  the  coracobrac^hialis  muscle  and  the  deep  fascia  it  becomes 
cutiiiieoiis.  It  sujiplies  the  coracnbnichialis,  bice[)8,  tuid  brachialis 
autieus  muscles*  It  also  supplies  soDie  seiisory  lilaments  to  the  skin 
of  the  ball  of  the  thumb,  and  by  a  posterior  branch  it  supplies  the 
skin  of  the  lower  third  of  the  forearm  on  the  radial  asi^ect  (Gmj). 

The  musculocutaneous  nerve,  so  far  as  I  know,  is  never  panJysfid 
alone.  It  is  involvedp  of  course,  in  lesions  of  the  lirachial  plexua^  in 
which  case  there  is  paralysis  of  the  muscles  supplied  by  it,  ue,,  the 
bice[)s  aud  bruehialiB  anticus.  As  these  muscles  tlei  the  arm  upon 
the  forearm  the  power  to  effect  this  movement  is  lost.  The  paraly- 
sis also  causes  anaesthesia  on  the  radial  aspect  of  the  forearm,  both 
front  aud  back. 

Diseases  of  the  Internal  Cutaneous  Nerve. 

This  nerve  arises  from  the  inner  cord  of  the  brachial  plexiit*  neju 
the  origin  of  tlie  ulnar  nerve.  It  supplies  the  akin  over  the  bioepa 
muscle  and  over  the  ulnar  aspect  of  the  forearm  as  &ir  as  the  «rial| 
both  front  and  back. 

This  nerve  is  never  paralyzed  alone.  It  snffers,  of  course,  in 
lesions  of  the  brachial  jdexus,  in  which  cases  there  is  amBstlaesim  in 
its  area  of  distribution,  caused  by  interruption  of  its  fibfes* 


Biseases  of  the  Dorsal  and  Intercostal  Nerves* 

There  are  twelve  pairs  of  dorsal  nerves.  As  their  name  impliivi, 
they  arise  from  the  dornal  portion  of  the  siumd  cor«i  and  i»aHH  out 
through  the  intenert-ebrnl  foramina,  one  beueath  etich  d«trs/d  ver- 
tebra. These  nerveH  are  rather  small  in  size  compared  with  the 
cervical  aud  lumlmr  nwjt^.  Their  intraspinal  course  (i*e,  their  eounie 
from  their  origin  in  the  cord  to  their  point  of  emergence  through  tlie 
intervertebral  foramina)  is  ratlier  longer  than  in  the  case  of  the  ^ 
vioal  nerves.  At  their  exit  from  the  intervertebral  foramina  thi 
nerves  divide  into  two  branches :  a  po8tt>rior  branch  or  dorsal  nerra 
proper,  and  ao  anterior  !»ranch»  usually  called  iiit^rc4xstal  nerve* 

The  dorsal  brancheK  supply  the  muscles  of  the  back  and  giv»  off 
cutaneous  braochcs  which  supply  the  skin  \i4th  sensory  filameiita^ 
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The  anterior  branches  of  the  dorsal  nerves  (called  usually  the 
interoostal  nerves)  are  distributed  to  the  walls  of  the  chest  and  abdo- 
men. They  are  entirely  separate  from  each  other — i.e.,  they  are  not 
joined  together  in  a  plexus,  in  this  respect  differing  from  the  other 
gioups  of  spinal  nerves.  Each  nerve  has  a  connection  with  a  gan- 
glion of  the  sympathetic  system.  These  nerves  pass  forwards  in  the 
intercostal  spaces.  In  part  of  their  course  they  lie  in  close  proximity 
to  the  pleura.  The  members  of  the  upper  group,  or  first  six  inter- 
eoBtal  nerves,  have  a  slightly  different  course  from  the  lower  six  of 
tiie  second  group,  as  is  pointed  out  by  Gray ;  but  this  distinction  is 
not  of  much  clinical  importance.  The  first  group  supply  the  skin 
of  the  mammsd  and  front  of  the  chest,  and  give  muscular  filaments 
to  the  intercostal  and  triangularis  stemi  muscles.  The  principal 
branches  of  the  intercostal  nerves  are  the  lateral  cutaneous  nerves, 
which  arise  midway  between  the  spine  and  the  sternum.  These 
are  cmtaneous  branches  largely  supplying  sensory  filaments.  The 
lower  group  of  six  intercostal  nerves  supply  the  rectus  muscle  and 
the  skin  of  the  front  of  the  belly  as  well  as  intercostal  and  ab- 
dominal muscles.  They  supply  the  skin  esi)ecially  of  the  sides  of 
the  abdomen  and  back. 

The  first  and  last  dorsal  nerves  have  some  peculiarities. 
The  first  has  resemblances  to  the  cervical  nerves,  especially  in  the 
mode  of  distribution  of  its  dorsal  branch.     Its  anterior  branch  forms 
part  of  the  brachial  plexus.     It  has  a  small  intercostal  nerve  which, 
however,  gives  off  no  lateral  cutaneous  branch. 

The  last  dorsal  nerve  is  larger  than  the  others.  It  has  communi- 
cations with  the  iliohypogastric  branch  of  the  lumbar  plexus  and 
flometimee  with  the  first  lumbar  nerve.  Its  lateral  cutaneous  branch 
is  a  very  large  nerve  and  is  distributed  to  the  skin  of  the  front  of  the 
hip  (Gray). 

The  dorsal  and  especially  the  intercostal  nerves  may  be  the  seat 
of  various  lesions,  and  in  fact  not  infrequently  furnish  important 
indications  for  diagnosis.  The  roots  of  these  nerves  are  frequently 
involved  in  meningitis  of  the  spinal  cord.  They  may  also  be  injured, 
inflamed,  or  pressed  ui)on  in  spinal  caries,  and  under  these  circum- 
stances, especially  if  only  one  or  two  nerve  trunks  are  involved,  they 
present  most  misleading  symptoms.  Obelinsky'"  reports  the  case 
of  a  man  with  a  syphilitic  history  dating  back  twenty  years,  who  had 
violent  intercostal  neuralgia  for  several  years.  Treatment  had  failed. 
The  case  was  one  probably  of  localized  syphilitic  leptomeningitis, 
irritating  a  nerve  root,  and  this  diagnosis  was  apparently  confirmed 
by  the  fact  that  the  affection  was  cured  eventually  with  hypodermic 
injections  of  calomel.  In  syphilitic  leptomeningitis  early  and  impor- 
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taut  iudicatious  are  sometimes  furmshed  by  irritation  of  the  i 
tba  dun^al  nerves.  Probably  syphilis  of  the  memnges  and  Itibercti* 
hms  caries  ul  the  bouen  are  the  two  most  cominoii  causes  of  syii]|>- 
tomH  ill  the  course  of  the  intercostal  nerves.  Tumora  of  the  B{iicud 
cord  often  cauae  initatioii  of  one  or  more  roots  of  the  dori^  nenros, 
and  this  symptom  may  closely  simulate  simple  intercostal  ueamtgti^ 
The  causes  jitst  enumerated  nre  of  course  central  or  HlmoHt  eeutrml 
in  their  location,  but  when  it  is  considered  that  the  Intraninnal  cx>iiiim 
of  the  tlorsid  nerves  is  a  long  one  and  that  therefore  they  are  especiallj 
liable  to  injury  from  lesitms  within  the  Hpinal  canal  or  iu  the  boOM 
of  the  8i»ine,  it  is  seen  that  theae  are  properly  instances  of  |>enp]]erml 
lesions ;  for  it  matters  not  whether  a  nerve  trunk  lie  injured  withiii 
or  Without  the  spinal  canal,  the  lesion  is  prat^tically  in  either  eiyM 
peripheraL  A  common  cause  of  disetise  of  the  intercostal  nenret  or 
possibly  of  the  posterior  ganglia  of  the  dorsal  nerve  nwxts  iji  tlia 
poison  of  heri>e8  poster.  The  chest  is  freiiuently  invaded  by  tliia_ 
diaaaee  and  it**  Immtion  is  determined  by  the  course  of  the  iut 
nerves.  The  chest  in  fact  is  rather  more  commonly  attacked  tliani 
any  other  region.  The  interetxstal  nerves  are  fi-ecpientlx  the  iefti( 
severe  neuralgia.  This  probal>ly  is  the  expression  of  slight  notritilj 
changes  in  the  sensory  neurons,  caused  by  cohl  t»r  by  the  action  ' 
Some  poison  in  the  blood.  These  nerves  may  idso  Ijo  injured  by 
woundsp  bruises,  and  fractures.  Perforating  wounds  of  the  cheat 
may  possibly  involve  one  or  other  of  the  intercostal  nerves,  Suuli 
instivnces,  however,  are  uncf>minon,  as  the  nerve  is  well  [irotected  by 
the  bone.  In  frm^tures  of  the  ribs,  however,  one  or  more  of  the  in- 
tercostal nerves  may  possibly  l>e  injured.  In  case  of  viciooa  unioii, 
deformity,  and  redundant  callus,  irritation  of  one  of  these  nerres 
may  become  chrotuo  and  cause  more  or  less  i)ersisteDt  ueural^c 
symptoms. 

In  alcoholic  multiple  neuritis  it  is  possible  that  these  nerves  may 
he  involved,  esi)ecially  their  motor  branches  to  the  intereo«ital  muscles. 
In  this  disease  paralysis  of  the  movements  of  the  chest  in  respiration 
18  not  uncommon,  esi>ecially  in  the  gmver  form.  I  have  oecaaioually 
seen  the  jjower  of  expansion  of  the  chest  alumst  entirely  abolished* 
This  constitutes  a  grave  complication. 

The  »tfmpf(/ms  of  lesions  of  the  dorsal  and  intercostal  nerves  are 
both  sensory  and  motor.  The  sensory  symptoms  are  usually  pain 
and  occasionally  anaRsthesia.  In  ciises  of  meningitis  in  which  a  few 
nerve  rcH>t**  in  the  dorsal  region  are  involved  it  is  not  uncommon  to 
observe  wliat  is  known  as  the  ^girdle  symptom.'*  This  consiata  of 
a  sense  of  constriction  alxint  the  chest,  wai«t»  or  abdomen^  which  ia 
frequently  described  by  the  patient  an  a  feeling  as  tliough  a  atrtiag 
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or  band  were  tied  tightly  about  the  body.      This  is  seen  not  un- 
oommonly  in  locomotor  ataxia  and  more  commonly  still  in  syphi- 
litic meningomyelitis,  especially  that  form  of  the  disease  which  is 
known  as  ''Erb's  palsy."    Acute  localized  pain  in  one  intercostal 
nerre  has  been  observed  in  the  early  stages  of  spinal  caries.     This 
may  closely  simulate  and  has  been  mistaken  for  an  attack  of  ordinary 
intercostal  neuralgia.     It  may  or  may  not  be  unilateral.     It  is  usually 
associated  with  some  spasmodic  action  of  the  muscles  of  the  back, 
henoe  with  stiffness  of  the  back  and  with  restriction  of  the  free  move- 
ments of  the  trunk.     Such  movements,  as  well  as  pressure  over  the 
vertebra  and  jars  and  shocks,  such  as  may  be  produced  by  a  blow  on 
the  top  of  the  head  or  by  the  patient  jumping  off  a  low  stool,  usually 
increase  this  pain.     Close  inspection  will  usually  reveal  commenc- 
in|^    deformity.     Pain  along  the  course  of  one  or  more  dorsal  or 
intercostal  nerves  is  not  uncommon  in  cases  of  tumor  of  the  spinal 
cord  in  the  dorsal  region.     In  spinal  tumors  the  pains  are  more 
likely  to  be  eccentric,  because  of  the  limited  character  of  tlie  lesion 
and  the  almost  exclusively  peripheral  distribution  of  the  nerves  (Mills 
and  Uoyd '" ).     In  these  cases  also,  as  Leyden  pointed  out,  move- 
ments of  the  spinal  column  are  often  difficult  and  painful.     As  in  the 
case  of  spinal  caries  there  is  also  stiffness  of  the  back  and  trunk. 
Girdle  sensations  are  not  uncommon  in  cases  of  tumor  of  the  dorsal 
cord.     According  to  Mills  and  Lloyd,  tumors  located  in  the  dorsal 
region  give  this  sensation  not  only  in  the  chest  but  also  in  the  abdo- 
men, the  reason  for  which  can  be  understood  by  reference  to  the 
anatomy  of  the  parts.     The  localizing  value  of  this  sensation  is  not 
always  exact.     Thus  in  a  case  reported  by  Pel '"  a  tumor  at  the  level 
ol  the  sixth  and  seventh  cervical  vertebrae  caused  a  constriction  sense 
about  the  legs  and  abdomen,  and  according  to  Lachmann'""  a  glioma 
of  the  filum  terminale  caused  a  constriction  sense  of  the  chest,  but 
this  latter  observation  is  open  to  doubt.     In  cases  of  tumor  of  the 
spinal  cord  paralytic  symptoms  are  sooner  or  later  associated  with 
the  disorder  of  sensation.     In  herpes  zoster  the  disease  usually  begins 
with  neuralgic  pains,  which  are  felt  especially  along  the  course  of 
one  or  two  intercostal  nerves.      These  pains  usually  precede  the 
eruption  by  several  days.     They  are  of  a  very  severe  character  and 
are  attended  with  heat  and  burning  sensations  in  the  skin.     The 
appearance  of  the  eruption  and  its  peculiar  characteristic  scon  indi- 
cate the  true  nature  of  the  lesion.     The  disease  is  unilateral  and 
depends  upon  an  inflammation  of  the  sensory  neurons  in  the  inter- 
costal nerves  and  probably  more  especially  of  their  cell  bodies  in  the 
posterior  ganglia.     In  most  of  these  severe  forms  of  involvement  of 
the  roots  of  the  dorsal  nerves  or  the  trunks  of  the  intercostal  nerves 
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there  is  some  embarrasBmeui  of  r<^8i>iratioii,     Tiiia  is  probably  i 
truly  paralytic,  but  depends  upon  the  increased  pain  wMcIx  is  ( 
by  efforts  to  take  a  deep  inspiration.     Simple  intercoetal  neu 
is  marked  by  pain  along  the  course  of  one  or  more  intercostal  ue 

It  may  also  cause  some  inhibition  of  respiration.     It  may  clo 
simulate  pleurisy,  but  can  be  differentiated  bj  the  absence  of 
physical  signs  of  the  latter.     In  hysteria  a  peculiar  form  of  neu 
pain,  centred  about   the   mammary  gland,  especially  in   women,  3 
sometimes  seen.     This  is  called  juastodyma.     It  is  usually  associid 
with  other  hysterical  symptoms.     The  patients  in  tli*  sr*  ri^rg  u^i 
usually  the  victims  of  the  dread  of  cancer  of  the  breast  and  are  oil 
wise  neurotic. 

I  have  known  one  iustance  in  which  an  aneurysm  of  the  tho 
aorta  caused  severe  localized  pain  along  the  course  of  one  of  Uie  i 
tercostal  nerv^es. 

The  diagNOHLs  of  affections  of  the  intercostal  nerves  often  requ 
great  care.     In  case  of  grave  organic  lesions,  such  as  spinal  caria 
syphilitic  meningomyelitis,  and  tumor  of  the  spinal  cord,  this  infe 
costal  pain  may  be  misiriteri^reted,  esi>ecially  iu  the  early  stages. 

In  cases  of  siunal  caries  the  diagnosis  will  be  assists  bvt 
spasm  of  the  dornal  muscles,  restriction  of  the  movements  of  \ 
chest,  increased  pain  on  movement  and  from  shocks  and  jars,  audi 
the  commencing  deformity  of  the  vertebra?. 

In  cases  of  tumor  of  the  spinal  cord  the  earliest  symptom  is  t 
times  iiritation  along  one  uerv^e  trunk.     Later,   however,  parak 
phenomena  8ui>ervene,  such  as  paraplegia,  more  marked  ixxssiblj  ift 
one  leg,  loss  of  control  of  the  lihulder,  and  various  areas  of  anseethe 

In  syphilitic  leptomeningitis  the  girdle  sense  ^s  sometimes 
early  phenomenon,  but  other  8j^'nn>toms  are  soon  apparent.     Thusi* 
a  case  of  a  young  man,  recently  seen  by  me,  girdle  sense  was 
marked  and  was  attributed  by  the  patient  to  his  having  lifted  a  heAT] 
weight.     He  hail  abolished  knee  jerks,  however,  and  Bome  imparl 
ment  of  his  gait. 

Heriies  zoster  is  always  heralded  by  severe  neuralgic  paina  along 
the  course  of  one  or  more  intercostal  nen^es.  The  eruption,  how- 
ever, makes  its  apijearance  in  a  few  days  and  determines  the  diAjC 
nosis.  In  simi>le  intercostal  neuralgia  the  disease  can  ^  J^**-**- 
guished  from  pleurisy  by  the  absence  of  fever  and  the  phys 
In  hysterical  mastodynia  the  peculiar  localization  of  the  pa: 
patient's  mental  and  other  liysterical  symptoms  make  the 
comparatively  easy.  In  the  case  of  iuieurysm  of  the  aort*^ 
ferred  to,  the  symptoms  were  so  strongly  suggestive  of  a  i 
apparently  tumor,  of  the  spinal  cord,  that  a  consultatioD 
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for  the  pxarpoBe  of  determining  the  propriety  of  an  operation.  In 
this  case  onlj  the  most  careful  and  exx>ert  physical  examination 
finallj  determined  the  presence  of  an  aneurysm. 

The  treatment  of  the  various  affections  of  the  dorsal  and  intercos- 
tel   neiree,  just  enumerated,  depends  of  course  upon  their  cause. 
TmncKZB  of  the  spinal  cord  do  not  yield  to  drugs.     The  treatment,  if 
SQceeflsfuly  must  be  surgical.     The  same  may  be  said  of  spinal  caries. 
The  disease  falls  to  the  care  of  the  orthopedic  surgeon,  and  the  treat- 
ment is  conducted  especially  with  rest  and  with  the  aid  of  suitable 
hraoeB  and  jackets.     In  the  early  stages  of  syphilitic  leptomeningitis 
of  tlie  spinal  cord  a  most  energetic  antisyphilitic  treatment  is  indicated 
and  will  sometimes  be  followed  with  success.   In  the  case  of  Obelinsky, 
mbove  referred  to,  cure  was  affected  by  the  hypodermic  injection  of  a 
meTcmial.     This  mode  of  administering  mercury  in  the  early  stages 
of  nerve  syphilis  cannot  be  too  highly  recommended.     The  treatment 
may  be  supplemented  with  large  doses  of  iodide  of  potassium.     Coun- 
ter-irritation, as  with  blisters,  and  even  with  a  hot  iron,  is  recom- 
mended by  some,  and  has  seemed  in  some  cases  to  be  useful,  but  it 
can  be  regarded  only  as  an  adjuvant  to  thorough  constitutional  treat- 
ment.    In  simple  intercostal  neuralgia  treatment  with  the  salicylates 
and  with  some  of  the  coal-tar  derivatives,  such  as  phenacetin,  antipy- 
rin,  etc.,  is  indicated.  Counter-irritation  in  these  cases  sometimes  does 
good.     The  treatment  of  herpes  zoster  has  been  conducted  with  a  large 
Tariety  of  drugs.      This  treatment  is  best  described  in  works  on 
dennatolog>\      In  hysterical  mas  tody  nia  suggestive  therapeutics  is 
largely  indicated.     The  danger  from  the  use  of  sedative  drugs,  eai)e- 
cially  morphine,  is  that  the  patient  may  form  some  drug  habit. 

Diseases  of  the  Lumbar  Plexus. 

Thete  are  five  pairs  of  lumbar  nerves.     They  emerge  from  the 

foramina,  one  beneath  each  lumbar  vertebra.      The  roots  of  the 

lumbar  nerves  (i.e.,  the  x>ortions  of  these  nerve  trunks  within  the 

spinal  canal)  are  much  longer  than  those  of  the  cervical  nerves.     This 

is  due  to  the  fact  that  the  spinal  cord  terminates  opposite  the  second 

lumbar  vertebra,  and  that  consequently  the  roots  of  the  lumbar  nerves 

must  traverse  some  space  before  reaching  their  respective  foramina. 

These  nerve  roots  thus  go  to  form  in  part  the  leash  of  nerves  known 

as  the  Cauda  equina.     These  lumbar  nerve  roots  are  the  largest  of  all 

the  spinal  nerves.     As  in  the  case  of  all  the  nerves  these  roots  do  not 

heoome  joined  until  they  reach  the  intervertebral  foramina.      The 

posterior  are  rather  larger  than  the  anterior.     At  their  exit  from  the 

fbramina  the  lumbar  nerves  divide  into  an  anterior  and  a  posterior 
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hraoch.     The  posterior  branches  supply  the  erector  spiiue,  the  inter-" 
BpinaleB  aud  some  other  uiUBcles  of  the  back,  and  also  the  skin  of  tbe_ 
ginteal  region.     The  anterior  branches  of  these  lumbar  nerrea, 
com niuuica ting  with  the  ganglia  of  the  sympathetic  Bystem, 
outwards  behind  the  psoas  magnus  muscle.     The  branebeB  of 

four  upper  nerves  are  joined 
T^  VZ^  t  o  g  ether  b  y  connect!  ug 
braucheH  and  f(»nn  the  lum- 
Imr  plexus.  The  anterior 
branch  of  the  fifth  lumbar 
nen'e,  after  uniting  with  a 
branch  from  the  fourth, 
[)as8eH  downwards  across  the 
sacrum  to  unite  with  the  an- 
terior branch  of  the  first  sa- 
cral nen^e,  and  thus  goes  to 
HHHtHt  in  the  formation  of  the 
sacHil  plexus.  The  Inmbo- 
Bac^nil  nerre  is  the  cord  thai 
roHuIts  from  the  union  of 
these  tw^o  nerfea. 

Tlie  lumbar  plexus,  form- 
ed from  the  union  of  tlie 
twelfth  dorsal  and  the  four 
lumbar  nervee,  is  more  sim- 
ple than  the  brachial  [ilexuii 
and  may  Ije  described  a*4  («>!- 
lows:  The  plexus  is  local 
in  front  of  tlie  transverse  pi 
cesses  of  the  lumbar  Tei 
brim.  These  various  nenreta 
are  unih^l  by  loops.  Thus 
the  twelfth  dorsal  sends  a 
loop  to  the  first  lumbar  and  this  in  turn  sends  a  loop  or  branch  to 
the  second  lnml>ar.  The  first  bimlmr  nerve,  after  sending  its  branch 
to  the  second  lumbar  nene,  divides  into  the  iliohyjKJgastric  and  the 
ilioinguinal  nerves.  The  second  lumbar  nerve,  after  receiving  its 
branch  or  loop  from  the  first  him  Imr  tier\'e,  gives  ofiF  the  external  and 
internal  inguinal  ner^'es  and  then  unites  with  the  third  lumbar 
nor\'e.  The  third  lumbar  ner\*e,  after  sending  a  branch  or  root  to  the 
fourth  himbar  nerve,  unites  with  the  second  and  this  trunk  uuitee 
with  the  fourth  to  furra  the  cniral  nerve.  The  obtnrator  nerve 
from  three  roots  springing  resi>ectiv©lj  from  the  second,  third. 
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fourth  lumbar  nerves.  The  fifth  lumbar  nerve  has  no  connection 
with  the  other  lumbar  nerves  except  by  the  loop  which  it  receives 
from  the  {onrth.  It  goes  to  form  the  lumbosacral  cord,  already 
referred  to,  and  forms  in  fact  a  part  of  the  sacral  plexus.  The 
princdxMd  branches  of  the  lumbar  plexus  are  the  iliohypogastric 
mnd  the  ilioinguinal,  the  external  and  internal  inguinal,  the  crural 
mnd  the  obturator,  and  the  lumbosacral  nerves  (Gray,  Van  Gehuch- 
ten). 

The  iliohypogastric  nerve  arises  from  the  first  lumbar  nerve.  It 
is  a  sensory  nerve  and  is  distributed  to  the  skin  of  the  gluteal  and 
hypogastric  regions. 

The  ilioinguinal  nen^e  arises  from  the  first  lumbar  nerve  in  common 
with  the  iliohypogastric.  It  supplies  motor  filaments  to  the  internal 
oblique  muscle.  It  emerges  at  the  external  abdominal  ring  in  com- 
pany with  the  spermatic  cord  and  is  distributed  to  the  skin  of  the 
scrotum  in  the  male  or  to  the  labium  in  the  female  and  to  the  upper 
and  inner  part  of  the  thigh.  The  genitocrural  nerve  arises  from  the 
second  lumbar.  Its  genital  branch  supplies  the  cremaster  muscle  in 
the  male.  In  the  female  it  is  lost  in  the  round  ligament.  Its  crural 
branch  ia  distributed  to  the  skin  of  the  upper  anterior  aspect  of  the 
thigh. 

The  external  cutaneous  nerve,  called  also  the  external  inguinal, 
arises  from  the  second  lumbar.  It  is  a  sensory  nerve  largely  and  is 
distributed  to  the  skin  along  the  anterior  and  outer  x>art  of  the  thigh 
as  far  down  as  the  knee,  while  its  posterior  branch  supplies  the  pos- 
terior surface  of  the  thigh  as  far  as  its  middle  third. 

The  obturator  nerve  arises  by  three  branches  (Van  Gehuchten) — or 
two  branches,  according  to  Gray — from  the  second,  third,  and  fourth 
lumbar  nerves.  It  supplies  the  obturator  extemus  and  the  adductor 
muscles  of  the  thigh.  It  sends  an  articular  branch  also  to  the  hip 
joint.  This  nerve  is  largely  motor  and  is  concerned  in  adducting  the 
thigh. 

The  anterior  crural  nerve  is  the  largest  branch  of  the  lumbar 
plexus.    It  supplies  all  the  muscles  of  the  front  of  the  thigh  except 
the  tensor  vaginie  femoris,  and  supplies  sensory  filaments  to  the  front 
and  inner  side  of  the  thigh  and  to  the  leg  and  foot  and  also  articular 
branches  to  the  knee.     It  is  formed  by  the  junction  of  the  second, 
third,  and  fourth  lumbar  nerves,  but  chiefly  from  the  latter  two.     It 
passes  into  the  thigh  beneath  Poupart's  ligament,  on  the  outer  side 
of  the  femoral  artery.     Its  longest  branch  is  the  internal  saphenous 
nerre.    This  branch  supplies  sensory  filaments  to  the  front  and  inner 
side  of  the  leg.     It  is  thus  seen  that  the  lumbar  plexus  sui)plie8  espe- 
cially the  adductor  muscles  and  the  extensor  muscles  of  the  thigh  and 
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leg,  and  gives  seasory  filaments  to  the  anterior  and  interior  surface  of 
the  thigh  and  leg, 

TLc^  lumbar  plexus  is  much  less  freciueutly  affected  by  disease  and 
injury  than  is  the  brachid  [Jexus.  Meningitis  in  the  lumbar  region 
of  the  cord  aud  of  the  caoda  eijuiua  may  affect  the  nerve  roots.  Such 
meningitis  may  he  caused  by  syphilis,  although  syphilitic  diaettie  is 
rather  less  common  in  the  luinLmr  than  in  the  dorsal  region.  These 
nerve  roots  are  also  involved  in  injuries  to  the  cauda  e^iuina,  which 
will  be  dei^ribed  later.  Such  injuries  are  caused  by  falls,  e^Mj^jecially 
when  the  patient  lands  upon  the  buttcx'ks,  the  mechanism  beiug  some- 
times by  hemon'hage  into  the  lower  part  of  the  spinal  canal.  Caries 
of  the  boues  of  the  lumbar  vertebra  may  also  cause  irritation  or  pa- 
ralysis of  some  of  these  roots.  Abscesses  within  the  sheath  of  the 
psoas  muscle  may  involve  some  of  the  brauches  of  the  lumbar  plexus. 
The  plexus  itself  is  not  usually  involved  in  parturitirm,  but  its  two 
main  branches — the  obtnrator  and  the  anterior  crural  nerves — may  be 
injureil  in  this  i>rocess.  Luxation  of  the  hi|>-joint  may  injure  tha 
anterior  crural  nene.  Tumors  in  the  alxlominal  carity  maj  csotte 
pressure  upon  this  i>lexns,  the  symptoms  de|>ending  of  course  upon 
the  severity  of  the  lesion  and  the  exai-t  nervy  trunks  involved.  Most 
of  the  syrajitouis  arising  from  injury  to  the  lumbar  plexus,  however, 
will  b^t  1)6  described  with  reference  t4>  the  individual  nerve  txQIiks 
impHcatrfMl,  and  the  appropriate  treatmeut  can  then  be  indicated. 

Before  prtx-eetling,  however,  to  a  consideration  of  the  symptoms  of 
individual  nerves  it  will  be  well  to  consider  briefly  the  localization  of 
the  centres  for  the  various  movements  of  the  lower  limb  in  the  spinal 
cord.  These  movements  are  represente<l  in  the  five  lumbar  segments 
and  io  the  first  aud  second  sacral  segments.  Ac4X)rding  t*>  Mills*** 
and  Starr'*'  the  various  groufw  of  muscles  have  their  s|)inal  centres  as 
represented  in  the  following  table: 

FiUiiT  Lumbar  Secjme^t.— Iliopsoas;  sartoHus;  muscles  of  ftbdomen. 

Becond  Lumbar  Seomknt.— II  io  psoas;  sartonus;  flexors  of  luiee ;  quadHoepa 
feniom. 

Tnmi>  LuiTBAR  SsoiCKirr.— Quadrtocps  fctnoris;  btier  roUton  of  Uiigii ;  ab- 
ductors of  thigh. 

ForitTii  LiTMBAR  Skoment.— AMuctoreof  thigh  ;  adductors  of  thigh  i  flexors  of 
knee ;  tibinlia  anticuB  ;  pcrooeus  longui^. 

Fifth  Lumbar  Seomknt. — Outward  rotators;  fleiors  of  kace;  flezoiB  of 
ankle ;  peronei ;  extensors  of  toes. 

First  and  Second  Sacral  Begicents.— Flexors  of  ankle ;  extensors  of  ankle ; 
lotHiiaic  foot  muscles. 

These  various  Begmenta  contain  the  cell  bodies  of  the  peripheral 
njotor  neurons  (multipolar  cells  of  the  anterior  homB),  the  axis  cvlin* 
ders  of  which  go  to  form  the  anterior  nerve  roots  issuing  from  these 
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pttrticiilar  segments.    The  various  nerves,  however,  it  must  be  un- 
derstood, do  not  proceed  directly  to  their  muscles  but  only  after 
haTing  made  various  connections  with  the  other  nerves  which  go  to 
fovm  the  lumbar  plexus.     Consequently  a  particular  nerve  trunk  may, 
and  not  infrequently  does,  contain  axis  cylinders  from  more  than  one 
segment  of  the  spinal  cord.     It  is  essential,  however,  to  know  the 
localization  of  the  various  motor  neurons  in  the  spinal  cord  on  the  one 
hand  and  to  know  the  motor  function  of  the  various  nerve  trunks  on 
the  other.     The  symptoms  of  the  lesions  of  these  two  portions  of  the 
lumbar  nerves  will  of  course  vary,  and  it  is  only  by  comparing,  these 
symptoms  accurately  and  minutely  that  it  will  be  possible  to  distin- 
guish a  focal  lesion,  involving  a  few  nerve  roots,  from  such  a  lesion  in- 
▼olTing  a  nerve  trunk.    For  instance,  a  focal  lesion  involving  only 
the  roots  of  the  second  and  third  lumbar  nerves  would  give  different 
symptoms  from  a  lesion  involving  the  trunk  of  the  anterior  crural 
nerre,  and  this  for  the  very  evident  reason  that,  while  the  anterior 
cmral  nerve  arises  only  in  part  from  these  segments,  and  hence  might 
only  be  partially  involved,  other  nerves,  as  the  external  cutaneous, 
genitocroral,  obturator,  and  even  the  lumbosacral  cord,  also  receive 
fihree  from  these  segments  and  would  be  partially  involved  by  a  lesion 
of  these  roots. 

The  various  reflexes  have  also  been  located  with  more  or  less 
aocoracy  in  the  various  segments  of  the  cord.  These  may  be  repre- 
sented in  the  following  table : 

Fuurr  Lumbar  Ssoment. — Cremasteric  reflex. 
Sbcoxd  Lumbar  Segment. — Cremasteric  reflex ;  knee-jerk. 
Third  Lumbar  Segment.— Cremasteric  reflex. 
Fourth  Lumbar  Segment.  —Gluteal  reflex. 
Fifth  Lumbar  Segment.  —Gluteal  reflex. 
FiRflT  AND  Second  Sacral  Segments.— Plantar  reflex. 
Third  to  Fifth  Sacral  Segments. — Foot  reflex ;  ankle  clonus ;  bladder  and 
anal  reflexes. 

As  in  the  case  of  the  motor  functions  so  in  the  case  of  the  reflexes : 
they  are  not  so  strictly  localized  in  individual  nerve  trunks  as  they 
ire  in  the  cord  segments.  Still,  by  tracing  the  nerves  as  carefully 
18  possible  through  the  lumbar  plexus  to  the  spinal  roots  we  receive 
some  indication  of  the  reflex  function,  as  it  were,  of  the  nerve  trunks. 
Thus  the  anterior  crural  nerve  is  probably  the  path  for  the  pateUar 
tendon  reflex  or  knee  jerk. 

In  like  manner  the  sensory  functions  have  been  localized  in  the 
cord.    These,  according  to  Starr's  table,  are  as  follows: 

yrtoft  Lumbar  Segment.— Skin  over  the  groin  and  front  of  scrotum  (and 

upper  part  of  the  gluteal  region?). 
&COKD  Lumbar  Segment.— Outer  side  of  thigh. 
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Tutrd  Lumbar  Sea  stent.— Front  and  loner  side  of  thigb, 

FouuTii  Lumbar  Segment. —looer  side  of  thigh  and  leg  to  ankk  ;  inner  tida 

of  foot, 
FiFTU  Ll'mbab  SfioacKNT. — Back  of  thigh,  back  of  kg,  and  outer  part  of  fook 
First  to  Second  Sacral  Seomisnts.— Back  of  thigh  ;  leg  and  foot  outer  aida. 
Thtkd  to  Fiptij  Sacral  Seomknth,— Skin  over  ancrum;  anu^,   peritooeiaai 

And  genitals  (also  over  the  inner  area  of  tho  buttocki). 

The  reaults  eiiitxidied  Ib  the  above  table  are  from  obi»ervatioiiA 
made  B8pec*ially  by  Go  wars  and  IIohh  iu  Euglaud  and  by  Krb  luul 
Bemak  in  Germany.  Starr,  later,  collected  the  numerinw  (ai'ts  bear- 
iiig  Ujion  this  localization.  Ferrier  and  Yeo  in  18H1  published  ih©  re- 
sults uf  their  exijeriment**,  m?ule  by  faradlzing  the  He  vend  Hpiual  ixkjiI 
m  the  monkey.  These  very  itcH-iiratcs  «il*Harvatic>miareljwwed  ujioii ' 
best  method  of  proving  what  movements  are  repreBeuted  iu  Uie 
fleveral  8i>inal  segments.  For  8enBt*ry  tests,  however,  the  lower 
animals  are  not  well  atlapt^inl.  The  pathological  data  have  been 
furnished  by  crises  of  anterior  poliomyelitis,  syringomyelia,  and 
transverse  lesions  of  the  cord»  but  these  for  obvioim  reasons  are  not 
always  so  accurate  as  those  obtained  by  direct  stimulation  of  the 
various  nerve  roots  in  the  monkey.  Ferrier *8  original  contribution 
to  this  subject  apjjeared  in  the  proceedings  of  the  lioyal  Society  in 
ItiHl  and  1883. 

In  very  many  lesions  of  the  nerve  roots  and  of  the  lumbar  plexiia 
there  are  iireseniml  to  lis  various  forms  of  combiBed  palsies  of  the 
lower  limb.  Thii^  is  the  CfLse  es|)ecially  in  such  lesions  as  traumata 
of  the  cautia  equina  and  such  as  are  prcxluced  by  pressure  or  fle|itic 
neuritis  following  childl>irth.  In  all  such  cases  it  \rill  be  neoeasary  in 
order  to  make  an  iiccurate  diagnosis  t4>  begin,  lis  it  were,  at  the  periph* 
©ry  and  study  carefully  the  motor,  sensory,  and  reflex  phenomenat 
and  then,  by  grouping  these,  endeavor  to  trace  them  either  to  the  va- 
rious nerve  trunks  or  to  the  various  ner\"e  roots.  It  will  thus  be  found 
not  infrequently  that  the  lesions  are  distribute<l  in  such  a  way  aa  to 
suggest  quite  accurately  the  nerve  trunks  or  even  the  spinal  segmexita 
most  involved.  If  the  lesion  is  central,  involving  either  thesegmenta 
of  the  lumbar  and  sacral  cord  or  the  nerves  of  the  cauda  equina,  the 
symptoms  are  usually  bilateral  and  have,  as  it  were,  a  eegamaial 
signiticanco.  If,  however,  the  lesions  are  in  the  nerre  tronkSf  ootf 
the  musclar  and  sensory  areas  innervated  by  these  nerves  wiU  \m 
involved.  Hence  it  becomes  necessary  to  take  up  a  careful  considera- 
tion of  the  symptomatology  of  individual  nerves. 


f 


D1BBASE8  OF  THE  EXTEBNAL  CUTANEOUS  KERVE.  299 


BiBeases  of  the  Iliohsrpogastric  Nerve. 

The  iliohypogastric  nerve  is  a  sensory  nerve,  distributed  by  two 
bnuieheB  to  the  skin  of  the  upper  gluteal  and  hypogastric  regions.  It 
arises  from  the  first  lumbar  segment  and  probably  receives  fibres 
frcHn  the  first  dorsal  nerve.  It  could  not  well  be  paralyzed  alone. 
Anj  lesion  involving  it  would  probably  involve  other  nerves  of  the 
fannbar  plexus,  especially  the  ilioinguinal  and  the  connecting  loop 
from  the  first  to  the  second  lumbar  nerves.  Its  paralysis  would  cause 
aiMWithegia  in  the  upper  gluteal  and  the  hypogastric  region. 

Diseases  of  the  nioinguinal  Nerve. 

This  nerve  arises  in  common  with  the  iliohypogastric  nerve.  It 
sapplies  filaments  to  the  internal  oblique  muscle,  and  passes  out 
bj  the  external  abdominal  ring  to  be  distributed  to  the  skin  of  the 
seruimii  in  the  male  and  of  the  labium  in  the  female  and  to  the  upper 
md  inner  part  of  the  thigh.  The  same  may  be  said  of  it,  with  reference 
to  disease  or  injury,  as  was  said  of  its  companion  nerve,  the  iliohypo- 
gastric; its  paralysis  would  cause  paralysis  of  the  internal  oblique 
muscle  and  ansasthesia  in  the  territory  which  it  supplies. 

Diseases  of  the  External  Cutaneous  Nerve. 

This  nerve  arises  directly  from  the  second  lumbar  segment  and 
possibly  receives  filaments  from  the  first  lumbar  segment  by  way  of 
the  connecting  loop  between  the  first  and  second  lumber  nerves.  It 
pawioo  into  the  thigh  beneath  Poupart*s  ligament  immediately  under 
the  anterior  superior  spine  of  the  ilium.  It  becomes  quite  superficial 
in  some  places  and  is  distributed  to  the  anterior  and  outer  part  of 
the  thigh  as  far  down  as  the  knee,  by  one  branch,  and  to  the  outer 
and  posterior  surface  of  the  thigh  as  far  as  the  middle  third  by  an- 
other branch. 

This  nerve  might  possibly  be  injured  by  wounds  of  the  thigh  just 
where  it  emerges  from  beneath  Eoupart's  ligament  under  the  anterior 
superior  spine  of  the  ilium.  In  such  a  case  there  would  be  anaes- 
thesia in  the  anterior  part  of  the  thigh  as  far  as  the  knee  and  over  the 
outer  and  posterior  part  of  the  thigh  as  far  as  the  middle  third. 
Considering  its  somewhat  exposed  course  it  is  rather  remarkable  that 
more  instances  are  not  on  record  of  injury  to  it.  It  may  possibly  be 
that  the  result  of  such  injury  might  be  overlooked,  as  no  motor  fibres 
an  included  in  the  nerve. 
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Diseases  of  the  Genitocrural  Nerve. 

This  nerve  arises  in  common  with  the  external  eutaneotis 
just  described.     It  passes  directly  througli  tlie  Btibstance  of  the  \ 
muscle,  descending  on  the  surface  of  this  muscle  to  near  Poop 
ligament,  whei-e  it  dirides  into  a  genital  and  a  crural  branch, 
genital  branch  passes  tbrongh  the  ititerual  abdomiual  ring  and  i 
pUen  the  crema^ter  muscle.     In  the  female  it  iB  lost  in  the  : 
ligament.     The  crural  braueh  passes  along  the  margin  of  the  | 
muscle,  enters  the  thigh  beneath  Poupart's  ligament,  and  diatrib 
its  sensory  lilaments  to  the  skin  of  the  upper  and  anterior  asp 
the  thigh  (Gray), 

BecauHe  of  its  close  relation  with  the  psoas  muscle,  which  il|j 
place  it  penetrates,  this  nerve  is  probably  more  frequently  involn 
psoas  al)scess  than  is  usually  susjiected.     This  is  the  only  le 
which  it  would  be  likely  to  be  injured  alone.     In  such  a  case  1 
would  l>e  abolition  of  the  crem^Lster  reflex  with  amesthesia  of  thei 
and  anterior  aspect  of  the  thigh. 

Diseases  of  the  Obturator  Nerve. 

This  important  nerve  arises  by  three  roots,  onv  rt'spertiv»*lv 
the  second,  third,  and  fourth  lumbar  nerves  (Van  (n'hiK-liteiii^  or 
two  roots,  from  the  third  and  fourth  lumbar  nerves  (Gray).  It 
])enct rates  the  inner  6bres  of  the  psoas  muscle;  it  leaves  this  mn^' 
at  the  briiti  of  the  pelvis.  It  then  runs  along  the  iotemal  hiteui  ^***1 
of  the  pelvis  to  the  obturator  foramen,  where  it  diridea  into 
bi'aiiL'heH.  It  HU]>plies  the  ttbturator  extemus  and  the  various  aJJa^ 
tor  muscles  of  the  thigh.  It  also  gives  off  articular  branches  U)  tta 
hip  and  knee  and  sensory  branches  to  the  inner  side  of  the  thigh  idI 
leg,  especiiilly  hy  its  communication  with  the  long  saphenous  i^^r^-. 

The  cjlitunitor  nerve^  us  will  be  seen  later,  is  claimed  by  >nir 
writers  (Winckel,  Ley  den)  to  be  involved  sometimes  in  pelvic  eiod»»  I 
tiouH  resulting  from  inttanimation  iu  i>uerperal  cases.     Some  a 
even  chiiin  that  it  may  Ix^  damaged  by  pressure  of  the  child's  heM 

ing  labor,  but  this  is  extremely  doubtful.     In  hip-jc"^*   ^- ^^ 

possible  that  the  paiu,  not  infrequently  complainet^ 
in  the  knee,  may  lie  due  tt>  irritation  of  the  obturai 
its  lyrauches  to  the  hip-joint.     The  expla^« 
ever,  as  given  by  some  writei's,  as  ^ 
to  siuisni  t  if  st>me  of  the  muscles 
these  elements,  /.*.,  irritation  of 
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J  aocotint  for  this  symptom.  Injury  to  the  obturator  nerve  might 
possibly  be  caused  by  wounds  of  the  inner  aspect  of  the  thigh,  but 
because  of  its  protected  position  such  injuries  are  improbable  and 
most  be  rare. 

The  symptoms  of  injury  or  disease  of  the  obturator  nerve  are 
paralysis  of  the  adductors  of  the  thigh  and  anaesthesia  of  the  inner 
aspect  of  the  thigh  and  leg.  This  anaesthesia,  however,  is  not  con- 
stant. Paralysis  of  the  adductors  interferes  especially  with  the 
ability  of  the  patient  to  cross  one  leg  over  the  other.  Outward 
rotation  of  the  thigh  is  also  impaired. 

Diseases  of  the  Anterior  Crural  Nerve. 

This  nerve  is  the  largest  neiTe  of  the  leg,  next  to  the  sciatic,  and  is 
the  largest  branch  of  the  lumbar  plexus.     It  arises  mainly  from  a 
onion  of  the  third  and  fourth  lumbar  nerves,  but  possibly  receives 
fibres  also  from  the  second  lumbar  nerve  by  way  of  the  connecting 
loop  between  this  and  the  third  lumbar.     It  passes  through  the  fibres 
of  the  psoas  muscle  and  emerges  from  this  muscle  at  its  lower  outer 
border.     It  passes  into  the  thigh  beneath  Poupart's  ligament  to  the 
oater  side  of  the  femoral  artery.     At  its  point  of  emergence  from  the 
pelvis  beneath  Poupart's  ligament  it  is  a  broad,  flattened  nerve  trunk. 
As  it  passes  into  the  thigh  it  divides  into  cutaneous  and  muscular 
branches.     The  anterior  crural  nerve  supplies  within  the  pelvis  the 
iliacQS  muscle,  and  on  the  thigh  the  pectineus  and  all  the  muscles  on 
ibe  front  of  the  thigh  except  the  tensor  vaginae  femoris,  which  is  suj)- 
plied  by  the  superior  gluteal  nerve  (Gray).     It  also  supplies  sensory 
filaments  to  the  front  and  inner  side  of  the  thigh  and  of  the  leg  and 
fcx)t,  as  well  as  branches  to  the  knee-joint.     The  largest  of  its  sensory 
branches  is  the  long  saphenous  nen^e  which  descends  the  leg  on  its 
inner  aspect.     It  supplies  sensory  filaments  to  the  skin  of  the  inner 
aide  of  the  leg  and  inner  side  of  the  foot  as  far  as  the  big  toe.     From 
this  distribution  it  is  seen  that  the  anterior  crural  ner\'e  is  largely  the 
nerve  governing  extension  of  the  leg  upon  the  thigh,  and  that  it  sup- 
plies sensation  to  a  comparatively  large  area  of  the  skin  of  the  upper 
and  lower  limb. 

The  anterior  crural  nerve  may  be  irritated  or  paralyzed  by  psoas 
ifascess.  This,  however,  is  not  a  very  common  symptom.  At  least 
it  18  not  often  reported.  When  it  is  considered,  however,  that  this 
nenre  passes  through  the  substance  of  the  psoas  muscle,  tiie  suspicion 
arises  that  it  may  be  affected  oftener  than  reports  indicate.  Other 
abscesses  deep  within  the  abdomen  may  irritate  this  nerve  trunk. 
Ljdston"*  has  reported  a  case  of  acute  lumbar  abscess  which  simu- 
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lated  nephritic  colic.  In  tliis  case  a  number  of  oords  or  bmadiat  of 
the  lumbar  plexus  were  iDvolved,  The  attack  came  on  HUtldenl?  with 
severe  pain  in  the  right  iliolumbar  region.  Hence  the  ueri'ea  icopli- 
cated  ill  this  particular  case  were  probably  the  upjjer  oeiTQi  of  Uid 
lumlmr  plexus,  ic,  the  iliohypogastric  and  ilioingQinal  nerviMS.  Th© 
case  illustrates  how  roMlily  any  of  these  nerve  trunks  may  be  ioTolTed 
by  deep  lundmr,  iliac,  or  psoas  absoeesee*  Mills"*  refers  to  m  cMe 
of  psoa^  abscess  in  which  a  diagnosis  of  crural  neuralgia  wa«  made 
and  ao  abscess  wa«  not  susije^cted.  Pain  extemled  from  Pou|iarl*ft 
ligament  to  tJie  inner  side  of  the  knee»  following  the  course  of  ibe 
anterior  crunil  nerve  and  its  internal  cubmeous  branch.  In  tkia 
case  pain  was  relieved  by  sitting  or  lying  or  flexing  the  thigh  on  Uie 
jiehis  with  the  knee  kept  bent.  There  was  also  partial  paralysis  of 
the  iliopsoas  nnisclcH,  causing  loss  of  pf>wer  to  flex  the  thigh  on  tbe 
alxlomen,  the  patient  Ijeing  compelled  t^i  lift  tlie  leg  with  his  haii<]« 
especially  when  he  attempted  to  cross  one  leg  over  the  other.  The 
aiiterior  crund  nerve,  from  its  exposed  position  at  the  i>oiut  where  it 
emerges  from  beneath  Poupart's  ligaiueot,  might  lie  the  se«t  of  injorj. 
Such  cases,  however,  must  he  exceedingly  rare,  as  but  little  meiitiaii 
of  them  is  rnfide  io  medical  literature.  The  index  catalogue  of  Ibe 
Surgeon-Generars  office  does  not  give  a  single  reference  to  injury  of 
the  anterior  crural  nerve.  This  exemption  must  be  due  to  the  bet 
that  the  nerve,  while  really  superficial  at  the  point  where  it  enters  the 
thigh,  is  nevertheless  (Ijjecause  of  its  location  in  the  groin)  very  well 
defended  from  blows,  stab  wounds,  etc.  Gunshot  wounds  of  the  nerve 
do  not  seem  to  have  been  observed.  The  anterior  crural  nerve,  iMH^auas 
it  passes  above  the  brim  of  the  true  jielvis  and  not  mthin  the  ]>elTifl 
pro|ier,  and  is  well  protecte<l  by  the  psoas  magnus  musc^le,  is  not,  as  % 
rule»  in  a  position  to  rcM^^eive  damage  during  paiiurititm.  Some  autbom 
slate,  however,  that  the  nerve  may  be  the  seat  of  injury  during  labor. 
Thus  A.  M,  FuUerton,  of  the  Women's  Hospital,  Philadelphia,  relatet 
the  case  of  a  dwarf,  ageil  twenty -five  years,  with  contracted  pelvis,  in 
whom  the  first  stage  of  labor  was  very  slow.  The  child  was  delivered 
with  instruments.  The  mother  complained  on  the  following  night  of 
great  pain  in  the  right  groin  and  entire  right  limb  and  was  unable  in 
move  the  limb.  Pressure  <m  the  anterior  crural  and  obturator  nerreA 
caused  her  to  cry  out  with  pain.  The  symptoms  lasted  ten  days  and 
then  yieldetl  to  treatment  (quoted  by  Mills'").  In  this  case,  bow* 
ever,  the  fjict  that  the  patient  was  a  dwarf  with  a  contracted  pelns 
proliably  accounts  for  the  pressure  and  injury  ti>  the  anterior  cmral 
and  obturator  nerves,  which  would  not  probably  have  hapf>ened  in 
case  of  a  normal  ijelvis.  The  nervous  symptoms  in  Fullerton's  case 
are  not  given  in  detail,  but  ae  the  patient  recovered  in  ten  days  tbt 
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injury  to  the  nen'e  was  evidently  not  severe.  The  anterior  crural 
nerve,  it  ia  said,  may  also  be  injured  in  dislocation  of  the  hip.  I 
find  no  reference,  however,  to  any  such  injury  in  the  elaborate  study 
of  dislocations  of  this  joint  by  Allis.*'^''  It  is  not  very  probable, 
tliecefore,  that  injury  from  this  cause  is  common. 

The  symptoms  of  injury  of  the  anterior  crural  nerve  are  highly 
chamcteristic.     The  disability  of  the  leg  is  very  great.     If  the  nerve 
is  involTed  within  the  abdomen  the  iliacus  muscle,  but  not  the  psoas, 
is  paralyzed.     This  leads  to  some  inability  to  flex  the  thigh  upon  the 
abdomen.     In  attempting  this  movement  or  in  crossing  the  affected 
leg  ai>on  its  fellow  the  patient  lifts  the  thigh  with  his  hands.     Loss 
of  power  of  the  extensors  of  the  leg  is  complete.     These  extensors 
waste  and  present  the  reaction  of  degeneration.     The  knee-jerk  is 
lost.     AnsBsthesia  is  extensive,  involving  the  anterior  and  internal 
aspects  of  the  thigh  and  the  inner  side  of  the  leg  and  foot,  the  latter 
becaoae  of  involvement  of  the  internal  saphenous  nerve.     In  irritative 
lesions  pain  of  a  neuralgic  character  may  be  very  intense  and  may 
even  be  referred  to  the  distal  or  terminal  portions  of  the  nerve.    This 
is  so  esi)eeially  in  some  cases  of  psoas  abscess,  as  in  Mills'  case 
already  referred  to.     In  such  a  case  the  pain  may  be  relieved  by  relax- 
ing the  psoas  muscle,  by  flexing  the  thigh  on  the  pelvis,  as  in  the 
position  of  sitting  or  lying.     Neuralgic  pain  in  the  distribution  of 
the  anterior  crural  nerve  has  also  been  observed  as  an  early  symptom 
of  a  growth  near  the  spine  (Gowers). 

Dtseases  of  the  Sacral  Plexus. 

The  sacral  plexus  is  composed  of  the  lumbosacral  cord  and  the 

anterior  branches  of  the  three  upper  sacral  nerves  and  of  part  of  the 

anterior  branch  of  the  fourth  sacral  nerve.     It  is  much  more  simple 

in  its  construction  than  either  the  brachial  or  the  lumbar  plexus.     It 

is  triangular  in  shape,  its  base  being  situated  against  the  sacrum, 

while  its  ax)ex  points  towards  the  sacrosciatic  foramen.     It  rests 

upon  the  anterior  surface  of  the  pyriform  muscle  and  is  protected 

in  front  by  the  pelvic  fascia,  which  separates  it  from  the  viscera  of  the 

pelvis.     For  the  clinician  it  is  important  to  recall  that  the  sacral 

plexus  can  be  reached  by  digital  exploration  through  the  rectum,  and 

that  the  chief  landmarks  are  the  pyriform  muscle,  the  greater  and 

lesser  sacrosciatic    ligaments,  and  the    tuberosity   of  the  ischium. 

With  reference  to  the  muscle  the  plexus  lies  entirely  upon  it,  and 

with  reference  to  the  sacrosciatic  ligaments  it  is  important  to  recall 

that  they  convert  the  two  sacrosciatic  notches  into  foramina,  the 

superior  or  greater  of  which  is  partially  filled  by  the  pyriform  muscle, 
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and  tliat  through  this  theater  foramen  the  chief  branches  of  the  sacra] 
plexus  leave  the  pelvis. 

The  sacral  plexus  has  four  main  branches  or  nerves — super 
gluteal,  puclic,  small  Hciatic,  and  great  Bciatic.     In  addition  to  th« 
it  sends  off  small  musciJar  branches  which  supply  the  pjrifonn, 
obturator  intenms,  and  several  other  muHcles  about  the  true  pelvia. 

The  superior  j^Inteal  nerve,  the  fin^t  main  branch  of  the  Aacnd 
plexus,  arises  from  the  lumbosat-ral  cord  and  is  tlie  only  nerve  of 
im])orta]ica  that  arises  from  this  important  connecting  link  between 
the  lumbar  and  sacral  plexuses.  It  emerges  fi-om  the  pelvia  jmil 
above  the  pyriform  muscle  by  way  of  the  great  sciatic  tonkOken^ 
and  has  a  superior  and  inferior  branch.  The  sui>erior  bra&eh  iUf^- 
plien  the  gluteus  luinimus  and  glutens  medius  muse  lee.  The  infsrior 
branch  also  distributee  filaments  to  these  two  muscles  and  then  8ai>- 
plies  the  tensor  vaginio  feraoris. 

The  pndic  nerve  arises  from  a  lower  part  of  the  sacral  plexus  and 
pasBes  from  the  pelris  also  through  the  great  sacroeciatic  foramen, 
but  below  the  pyriform  muscle,  Ha\dng  crossed  the  spine  of  tbm 
iacrhiom,  it  reeutei-s  the  pelvis  and  is  distributed  by  several  branches 
to  the  dorsum  oi  the  penis,  the  iierineum,  and  the  external  sphincter 
of  the  anus.     It  will  Lie  described  more  fully  later. 

The  small  sciatic  nene  ariaea  by  two  roots  from  the  lower  part  of 
the  sacral  plexus.  It  supplies  but  one  muscle — the  glutens  niiixi* 
mus — and  gives  sensory  filaments  to  the  skin  of  the  perineum  and 
the  back  part  of  the  thigh  and  leg. 

The  great  sciatic  nene  supplies  the  skin  (*f  the  leg,  the  muscles  of 
the  back  part  of  the  thigh,  and  those  of  the  leg  and  foot.  It  is  the  ilireot 
tx)ntinuatioD  of  the  lower  jmrt  or  apex  of  the  sacral  plexus.  Like  tbm 
pudic  and  the  small  sciatic  nerve  it  also  imsses  out  of  the  pelTia 
tlircmgh  the  great  siicrosciatic  foramen  l»elow  the  edge  of  the  pvri* 
form  muscle.  These  three  nerves,  as  they  emerge  from  the  {lelvis 
below  the  pyrifoi-m  muscle,  occupy  the  following  relative  iK>sitic)ti8: 
The  great  sciatic  lien  farthest  extf-riorly,  then  comes  the  Bmall 
sciatic,  and  then  the  pudic.  The  superior  gluteal,  on  the  other  band, 
as  already  said,  emerges  from  the  pelvis  just  above  the  pyriform 
muscle.  Consequently  the  pyriform  muscle  cciDstitiites  not  only  a 
bfisis  of  support  to  the  whole  sat!ral  plexus,  but  also,  as  it  were, 
a  guard  or  defence  for  these  nerve  trunks  as  they  issue  from  the 
pelvis  at  either  tlie  upj>er  or  lower  margin  of  this  muscle. 

From  this  anatomical  description  it  is  seen  that  only  one  nerve — 
the  superior  gluteal — arises  from  the  upper  part  of  the  plexus,  i.e., 
fn»m  the  lumlxisjicral  cord.  The  other  nenes  spring  from  the  lower 
part  of  the  plexus  and  all   emerge  below  the  lower  edge  of  the 


DISEASES  OF  THE  SACRAL  PLEXUS.  305 

pyriform    muscle  in  close  proximity   to  each  other.      The  nerve 
roots,  which  go  to  form  the  sacral  plexus,  are  with  those  of  the 
Imnbar  nerves  the  largest  of  all  the  spinal  nerves,  and  the  nerve 
tmnka  themselves  that  form  the  plexus  are  also  of  large  size.     These 
nerres   can  be  palpated  through   the  rectum  but  not  through  the 
TAgina.     The  landmarks  by  which  they  are  to  be  sought  are  espe- 
cially the  pyriform  muscle  and  the  greater  and  lesser  sacrosciatic 
li|;aments.     Because  of  its  deep  seat  within  the  true  pelvis  the  sacral 
plexoB  is  often  not  so  thoroughly  explored  as  it  should  be  in  cases 
presenting  symptoms  of  ners^e  initation  in  the  pelvis  and  about  the 
buttocks  and  i)08terior  part  of  the  thigh.     Its  accessibility,  however, 
through  the  rectum  renders  direct  exploration  of   its  nerve  trunks 
much  more  possible  and  convenient  than  in  the  case  of  some  other 
deex>-seated  nerves  of  the  body.     These  facts  should  be  borne  firmly 
in   mind  by  the  practitioner  who  has  cases  that  suggest  an  intra- 
pelvic  lesion.     It  cannot  be  too  strongly  impressed  upon  the  minds  of 
all  practitioners  that  tliorough  pelvic  exploration  is  always  urgently 
demanded  in  every  case  simulating  sciatica  and  other  neuralgic  affec- 
tions involving  any  of  the  branches  of  the  sacral  plexus. 

The  causes  of  lesions  of  the  sacral  plexus  are  much  more  nu- 
meroos  than  is  generally  supposed,  and  as  the  subject  is  one  of 
great  practical  clinical  importance  it  will  be  discussed  here  in  de- 


The  sacral  plexus,  or  the  anterior  branches  of  the  lumbar  and 
sacral  nerves  which  go  to  form  it,  may  be  injured  by  tumors  or  other 
diseases  of  the  womb,  ovaries,  and  rectum ;  by  inflammatory  processes 
and  inflammatory  exudates,  as  in  cases  of  pelvic  cellulitis,  in  abscesses 
of  the  i)elvis  or  even  of  the  abdominal  cavity  finding  their  way  into 
the  |)elvis ;  by  neuromata,  osteomata,  and  osteosarcomata ;  by  wounds 
and  pressure  during  labor,  by  gunshot  wounds,  and  probably,  as  in 
the  case  of  some  other  nerves,  by  neuritis  of  indeterminate  cause. 

New  growtlis  of  the  womb  and  ovaries,  but  especially  of  the 
ovaries,  may  cause  pressure  upon  and  irritation  of  the  sacral  plexus. 
The  symptoms  in  such  cases  vary  considerably,  and  I  am  convinced 
that  their  significance  is  often  for  a  long  time  overlooked.  These 
syiD))toms  are  too  often  ascribed  vaguely  to  sciatica  or  neuralgia  or 
rheumatism  about  the  hip.  Thus  in  one  case  there  was  apj^arently 
some  irritation  of  the  superior  gluteal  neiTe  causing  a  sense  of  dis- 
comfort about  the  buttock  which  was  probably  due  to  a  slight  sjmsm 
of  the  gluteus  maximus  and  minimus  muscles  supplied  by  this  nerve. 
The  tumors  that  esi)ecially  cause  such  symptoms  are  small  ovarian 
ovRts.  especially  in  their  early  stages,  when  they  may  be  pressed 
dowD  firmly  upon  some  of  these  nerve  trunks.  I  once  saw  a  case  in 
Vol.  XI. —20 
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a  lady  that  illustrated  these  facte.  She  was  a  middle-iH^ed  uamamed 
womao  who  had  been  treated  for  some  months  for  sciatica.  It  waa 
very  evident  oo  close  inspection  of  the  hip  and  thi^^h  thnt  the  8>  mf» 
toms  did  not  correspond  to  those  of  sciaticH.  The  ptiin  riidiatiHl  frmo 
the  buttock  around  towards  the  hip,  e\4deDtly  following  aome  of  the 
cutaneous  brant *hes  of  the  small  sciatic  nerve.  There  waa  iKj««ibliF 
also  a  slight  cranii^  or  spasm  in  the  glutei  muscles,  as  the  jiaiii  waa 
increased  on  movement.  A  pelvic  lesion  being  sustjectetl  her  ouoacsiit 
was  finally  obtained  for  a  vaginal  examiimtiou,  when  a  small  ovarian 
cyst  not  umch  larger  than  a  large  orange  was  discovered  iiiakiog 
pressure  upon  the  sacral  plexus.  This  explained  idl  her  symptoms 
satisfact^irily  ami  an  oj>eratiou  wjis  suliseqnently  jiei-formed  for  her 
relief,  Mitchell  refers  to  n  r^ise  in  n  woman  in  which  the  pati^ai 
had  numbness  in  the  left  fo^it  and  leg  with  loss  of  |iower  to  flex 
the  foot.  The  fM^roneal  musch^  were  paralyzeil  and  had  loss  of 
electrical  rea])onse.  On  vaginal  examination  a  large  growth  wat 
discovered  l>ehind  and  to  the  left  of  the  womb.  It  is  probable 
that  nymptoms  of  nerve  irritation,  esiietually  of  the  sacral  plexus^  in 
cases  of  tumora  of  tlie  womb  tiud  ovaries,  would  Im*  reconjeil  more  fre- 
fpiently  by  gynecologists  if  tlieir  attention  wus  more  directed  to  this 
subject.  In  sncli  cases  cai*eful  insi>ection  will  usually  reveal  that  the 
syniijtiims  do  not  correspond  wdth  those  of  sciatica^  which  is  the  dis- 
t»ase  raoKt  frei[ueijtly  diagnosed.  Other  ner\'e  trunks  thmi  the  sciatie 
will  be  ftnnul  to  Ije  implicated,  and  in  some  caiies  in  fact  (as  in  the< 
just  related)  the  sciatic  nerve  may  even  not  Ije  involveil-  In 
instances,  however,  when  this  nerve  trunk  is  the  chief  or  only  one 
involved,  the  resemblance  to  an  ordinary  case  of  sciatica  may  be  very 
striking.  In  eases  in  which  the  superior  gluteal  and  smaller  sciatio 
nerves  are  involved,  the  [jain  on  ijressure  and  esj>ecially  on  motion  is 
confined  more  to  the  InittfH'k,  radiating  towards  the  hip. 

Tunuirs  and  often  affections  of  the  rectum  may  cause  symptoms 
referable  to  the  sacral  plexus.  Cancer  of  the  rectum  has  not  infre- 
quently caused  such  symptoms.  Skjehlrup,  quotetl  by  Mills/'*  re- 
ccjrtls  a  Civse  in  a  man  aged  fifty,  in  whicli  rectal  examination  revetaled 
a  turn  on  A  few  years  *igo  a  woman  was  admitted  to  my  wanls  in 
the  Methotlirtt  Hospital,  suffering  with  neuralgic  pain  alx>ut  the  but- 
tfK*k  and  thigh.  A  surgeon,  after  rectal  examination,  had  decidetl  Uist 
there  was  no  organic  disease,  but  that  the  case  was  simply  one  of 
neuralgia.  The  woman,  however,  |tresented  decide<l  apjiearanoeii  of 
the  cancerous  cacliexia  and  several  enlarged  glands  were  discovered 
bj  abdominal  paIi>ation  in  the  pelvis.  A  second  rectal  examination, 
more  carefully  made,  revealed  the  presence  of  a  cancer  in  the  neigh* 
borhood  of  the  sigmoid  flexure.     Immense  faK!al  accumulations  in  the 
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reetoin  have  also  caused  nerve  symptoms  referable  to  the  sacral 
plexiis. 

Abeoeeses  within  the  pelvis  may  cause  symptoms  of  irritation  of 
the  sacral  plexus  or  of  some  of  its  main  trunks.    Mills'^'  has  called 
attention  to  the  fact  that  psoas  abscess  may  follow  such  a  course  as 
to  inirolve  the  sacral  plexus.     This  abscess  may  follow  an  irregular  or 
mnltiple  coarse;  thus  the  pus  may  escape  from  the  sheath  of  the  psoas 
mnacle,  and  passing  down  along  the  sacrum  may  leave  the  pelvis  by  the 
sacToeciatic  notch.     Thompson**'  reported  a  case  of  psoas  abscess 
which  bad  been  mistaken  for  a  long  time  for  one  of  sciatica.     Severe 
and  intermittent  pain  followed  the  course  of  the  sciatic  nerve  of  the 
ri^t  leg.     It  extended  as  far  as  the  dorsum  of  the  foot  and  great 
toe.     AnsBsthesia  in  some  territories  was  also  observed.     Such  pelvic 
abaceflses  are  not  always  necessarily  connected  with  diseases  of  the 
bone.     A  man  was  recently  referred  to  me  suffering  with  so-called 
rhenwiatism  about  the  hip  and  thigh.    The  nerves,  especially  about 
the  external  aspect  of  the  thigh,  were  involved.     Careful  inspection 
FBTealed  some  swelling  of  the  thigh  and  pain  with  retardation  of  move- 
ment.    Eventually  the  cause  was  discovered  to  be  a  deep-seated  ab- 
scess in  the  pelvis  which  was  evacuated  above  Poupart's  ligament. 
Some  of  these  pelvic  abscesses,  however,  as  already  said,  may  evacu- 
ate through  the  great  sacrosciatic  foramen.     In  such  a  case  an  early 
exploration  by  the  rectum  would  probably  reveal  the  cause  of  the 
trouble. 

Among  the  most  important  causes  of  injuries  and  diseases  of  the 
sacral  plexus  and  of  its  main  branches  is  childbirth.  The  significance 
of  this  cause  has  not  always  been  recognized  at  its  true  value  and  the 
mode  of  its  action  is  still  a  subject  of  some  debate.  The  subject  is 
not  altogether  new,  although  it  has  been  too  much  ignored  by  recent 
writers.  Charpentier,***  in  an  elaborate  monograph,  has  carefully 
reviewed  this  subject  from  the  historic  standpoint  and  given  the 
various  facts  recorded  and  the  theories  by  which  authors  have  at- 
tempted to  explain  them.  This  author,  however,  ascribes  too  much 
importance  to  the  theory  of  reflex  paralysis,  as  advanced  by  Brown- 
Sequard,  Bernard,  and  Jaccoud.  Churchill  '**  many  years  ago  com- 
posed a  lengthy  article  on  the  i)araly8es  that  occur  during  gestation 
and  childbirth.  He  collected  thirty-four  cases  from  various  sources. 
These  cases,  however,  were  a  heterogeneous  collection,  many  of  them 
being  mere  coincidences  of  gestation  and  labor,  the  whole  number 
showing  a  variety  of  pathological  states.  Of  these  four  were  cases 
of  paraplegia.  These  cases  of  paraplegia  appear  to  have  been 
due  to  pressure  or  to  septic  neuritis  or  meningitis— one  woman,  for 
ifistanoe,  stood  in  water  up  to  her  knees  while  at  work  on  the  eighth 
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day  after  labor  (Lloytr*'},  IloiDl>erg**"  observed  tluvt  [tamlysis 
could  accompany  certain  diseases  of  the  generative  organs,  and  thai 
it  could  depend  iipoo  direct  pressure  of  tbe  wonib  or  of  the  ovary  HJhiii 
the  8?un"al  plexun;  but  be  attached  too  aiuch  importaaee  to  tbe  reifleji 
oriKiD  of  this  paralysis,  as  Jklvoi-ated  by  Jai'ooud. 

Veteriiiarianfl  bave  not  infre<iueutly  otiserved  i>arapl€gia  am  A 
complication  at  nietritiH  in  the  lr»wer  animids  (Cbrir|>eiitier).  O^lU 
reported  cases  of  acutf^  metritis  in  cows  after  calving^  and  said  tbat  ill 
all  his  cases  there  exist4Hl  a  fmmlysis  of  tbe  p<Jsterior  limliw.  SwelJ 
published  an  account  of  an  autopsy  in  tbe  ca^e  of  a  cow  alHicted  wiih 
pamidegia  after  calving.  There  were  found  evidenoaa  of  tnflammi^ 
tion  *^^f  the  uterus  and  the  vagina.  I  then,  fpioted  by  Cban*«'*iitteri 
has  made  known  many  eases  of  metritis  in  tlie  mare  w^itb  loea  nf 
powder  in  tbe  liind  legs.  Imliert-tTonrbeyre'**  writes  tbat  tranniA 
during  labor  is  a  rare  cause  of  ]»aralvsis.  He  gives  tbrBe  rmwn^ 
however,  which  seem  to  bave  been  due  to  preswure  by  the  lieacl  cMi  tlia 
sacral  plexus  or  sciatic  nerve.  Kamslji)thani  also  refers  to  umch 
cases.      Iml>ert-Gourbeyre  admits  apparently   nnl\    tw*  v  »f 

paraplegia  following  labor,  i.e.,  the  traumatic  casi's  and  th^       td 

by  myelitis.  He  ignores  very  prfJi>erly  tbe  so-cadled  reflex  para- 
plegia. Esnault,  as  early  as  18;i7,  wrote  of  tbe  paralyneH  sympt*^ 
matie  of  metritis  aud  periuterine  inflammaHon.  Jjt>Tti\  Dliltiolim 
reeognizen  as  a  cause  of  paralysis  of  the  lower  lindis  not  only  child- 
birtb  but  also  suppressittn  uf  the  menspH,  claiming  even  tbat  pre«HUr<* 
upon  tbe  sacral  plexus  could  be  caused  h\  the  latt*3r. 

Even  in  recent  years  the  text-lKMjks  on  olwtetrics  have  little  t<>  aay 
on  the  subject  of  diseases  nr  injuries  t*t  the  sacral  plexus  during 
childlurtb.  Cazeaux  hiis  a  brief  allusion  to  such  Ciises,  which  be  attrib- 
utes to  reflex  causes*  Winckel  '*'  recogniises  more  fully  tbe  iicunl* 
gias  autl  [jaralyses  of  the  lower  liml>s.  He  nays  that  the  puer|»eml 
neuroses  of  the  lower  limbs  are  h»cated  chiefly  in  the  nene  tronka 
rather  than  in  the  nerve  centres  and  owe  their  development  to  ])artujv 
tion.  Injurifuis  pressure,  be  says,  is  caused  by  a  large  heml  in  an 
unfavorable  presentation  in  a  small  pelvis.  He  teaches  that  prenaam 
may  be  ma<le  liy  the  blades  of  tbe  foreejis  ami  tbat  thene  may  prodnoe 
eevere  contusion  of  the  sacnd  ]>lexus  on  forced  cLwure  as  well  as  dur- 
iog  ©xtniction.  He  recognizes  fully  a  still  ni*)re  important  caoae 
for  these  nervous  symptoms,  Le.^  iielvic  exudations  or  small  extmra- 
sations  whicli  may  extend  ia  tbe  sheaths  of  tbe  nerves.  He  mentiona 
that  parametritis  may  give  rise  to  such  neuralgiafi  and  that  the  lod^ 
tion  of  the  afTection  is  usually  in  tbe  external  and  mitldle  eutaneoua, 
obturator,  aud  sciatic  nerves.  Winekel  says  that  even  such  alight 
pelvic  exudations  as  accompany  pMebitiB  may  compress  tbe  nerres. 
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and,  finallj,  that  injuries  of  the  vagina  with  subsequent  cicatricial  con- 
traction may  cause  traction  and  pressure  on  individual  nerve  trunks 
d  the  tme  pelvis  and  that  hjpersesthesia  and  motor  disturbances 
may  thus  be  produced.  This  statement  by  Winckel  is  one  of  the 
most  comprehensive  in  any  text-book  on  obstetrics. 

Hervieux,  however,  before  Winckel,  recognized  fully  that  para- 
plegia could  happen  secondarily  to  an  inflammatory  lesion  of  the 
womb.  He  cites  two  instances,  of  one  of  which  the  following  is  a 
brief  abstract: 

A  woman  19  years  old,  in  good  health,  was  delivered  naturally 
•i  the  Maternity  Hospital.     On  the  sixth  day  abdominal  pains,  fetid 
lochia,  and  fever  announced  the  presence  evidently  of  some  puerx>eral 
infection.      Two  days  later  a  dry  tongue,  rapid  pulse,  continued 
pain  in  the  abdomen   with    meteorism,  insomnia,  restlessness,  and 
A  general  typhoid  aspect  of  the  face  were  present.     On  flie  thirteenth 
day  some  loss  of  power  was  observed.     At  this  time  there  were 
intense  heat  of  the  skin,  pulse  128,  meteorism,  rapid  respiration, 
ibondant    lochia,    and    some    erythematous    eruption.     Later,    the 
rapid  pulse  and  high  temperature  continued  with  dry  tongue,  loss 
of  api)etite,   sweating,   and  meteorism  and  pain  in  the  left  iliac 
fossa.     On  the  sixteenth  day  absolute  inability  to  lift  the  lower  limbs 
was  noted.     When  the  patient  was  asked  to  bend  the  leg  upon  the 
thigh  she  executed  the  movement  by  a  zigzag  motion  of  the  heel 
with  the  object  of  approaching  this  part  to  the  posterior  aspect  of  the 
thigh,  but  she  was  not  able  fully  to  execute  the  movement.     There 
vas  no  ansBsthesia  nor  any  involvement  of  the  upper  limb.     The  sen- 
sibility in  the  left  iliac  fossa  continued.     On  deep  palpation  a  phleg- 
monous induration  could  be  felt  and  this  appeared  to  be  in  relation 
with  the  adnexae  of  the  uterus  on  that  side.     This  patient  improved 
slowly  under  treatment  with  blisters  and  frictions  with  Neapolitan 
ointment.     As  the  general  state  improved  the  patient  began  to  make 
some  motions  with  her  legs.     When  she  first  began  to  get  up  she 
required  two  assistants  to  enable  her  to  stand.     The  phlegmonous 
induration  was    gradually  absorbed,  but  the  patient  continued   to 
complain  of  vague  i)ain3   in  her   thighs.     Later  there  was  slight 
relapse  and  the  ai)pearance  of  inflammatory  hardening  in  the  right 
iliac  fossa.     This  patient  slowly  recovered.     All  sensibility  in  the 
hypojgafttric  region  disappeared  and  the  woman  regained  the  use  of 
her  limbs.     When  she  was  discharged  from  the  hospital  at  the  end  of 
two  months  she  was  in  a  good  way  to  recover. 

This  case  of  Hervieux,'*"  put  on  record  more  than  a  quarter  of  a 
century  ago,  is  an  important  contribution  to  the  subject.  Both  the  re- 
port and  theory  of  the  author  are  thoroughly  scientific.  The  i)atient 
<*vidently  had  septic  infection  with  metritis  and  pelvic  cellulitis,  and 
thia  phlegmonous  inflammation  pressed  upon  and  possibly  even  in- 
volved the  nerve  trunks.  As,  however,  the  chief  symptom  was  loss 
of  motor  power,  the  only  sensory  symptoms  being  neuralgic  pains,  it 
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18  evident  that  these  nerve  hiiDks  were  not  gravely  involved  id  m 
ilestruetive  iMammatory  pr(_>eeB8.  Presaure  waa  |irobably  the  mast 
impoi-taiit  fjM't4:*r  in  causiDg  the  symptoms, 

Keceutly  Milk'*"  has  UTitten  a  imeful  paper  oe  the  imbject  of 
puerperal  paralyses,  Hiiuermaun'*'  has  also  writteu  a  |>aii©r  in 
which  he  renews  the  literature  of  the  subject.  These  aiithc^rB  gir© 
valuable  iiKlieations  for  the  systemAtic  clinical  study  of  tbeiie  imixir* 
tfiiit  cases.  lu  the  iliscussion  irf  Mills'  paj^er  at  the  C'nllfg*^  cif 
Physicians  of  Phikilelphia,  Hirat  said  that  these  {^ralyses  are  very 
rare  and  that  this  is  the  reason  why  the  subject  in  not  treated  mote 
fully  in  the  text-lK»tiks.  In  a  lai*ge  ex})erience  in  contracted  pelv«a» 
diBicult  hibors,  forceps  deliveries,  and  heml  iujpacti<»ii,  he  liad  aeeo 
bnt  one  instance  of  imralysis  of  the  limlw  as  a  result.  He  doea  no! 
subscril»eto  the  view  that  the  paralyHis  is  c^iUNCil  by  liirecH  preaati7<e. 
In  a  special  dissection  of  the  iwlvis  made  to  ascertain  the  reason  why 
nerve  injuries  are  not  more  couiniou  in  difficult  lal»<ir  he  was  iua pressed 
with  the  fact  that  the  nerves  are  iir<»tccted  by  their  8itnatir>n  from 
such  injury.  The  i>eU  is  has  a  c«>nliforni  entrance,  according  to  Hii«t» 
and  the  nerves  are  hidden  within  the  bay  so  that  no  mechanical 
pressure  is  possible.  He  l*eli*nes,  however,  that  such  an  accident 
might  happen  in  rare  cases  in  which  the  pelris  has  an  elliptical 
sha|>e,  l>ut  he  thinks  that  nerve  irritation  and  iudammation  can 
occur  froijj  a  phlegnuisia.  He  has  had  seven  such  cases*  In  such 
instances  the  plastic  exudate  presses  upon  tlie  nerve  and  the  intlamina* 
tion  extends  directly  to  the  ueurileruma,  Sinkler  in  the  same  di»- 
cusaion  said  that  he  had  come  to  the  conclusion  that  the  majority  of 
cases  of  neuritis  following  labor  w^ere  the  result  of  septic  poisoning. 

It  is  jiossible,  however,  that  pressure  may  oix'ur  ujion  the  sacral 
plexus  in  instni mental  delivery.  Dercum,  for  instance,  lias  given 
details  of  a  e^ise  of  trophic  panilysis  in  a  woman  after  instnintenlal 
delivery.  There  were  pain  and  weakness  in  the  right  leg.  A  second 
labor,  also  instrumental  and  very  dilKcult,  causetl  complete  palsy  of 
the  right  leg,  except  in  the  anterior  tliigb  muscles.  Two  years  hiter 
wajsting  with  contnu*ture  of  the  affected  muscles  was  presenL  Hsr- 
vieux  in  his  work  on  puerfieral  diseases  reff'rs  to  paraplegia  eauaed 
by  puerperal  poisoning.  He  thinks  that  the  morbid  prcjcess  may 
concentrate  itself  about  the  sacral  region  wliere  it  is  easy  to  oonceiTfi 
that  it  might  involve  the  nen'e  trunks  and  their  envelopes*  Campbell 
in  his  work  on  midwifery  declares  that  he  never  observed  a  puerpaml 
paralysis  except  only  iu  one  limb,  and  that  this  accident  always 
for  its  caase  the  prolouged  sojourn  of  the  head  in  the  pelvis,  diK 
disproportion  between  the  capacity  of  the  pelvis  and  the  volmae 
the  fcctal  bend,  and  that  the  lesions  are  in  the  pyriformis  mnscle  ] 
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the  sacral  plexus.  Scanzoni  believed  that  in  such  cases  the  lesion  is 
the  resiilt  of  pressure,  but  that  the  pressure  must  not  be  regarded  as 
the  only  cause,  but  that  there  is  a  more  profound  derangement.  By 
this  he  probably  means  septic  inflammation. 

Under  the  head  of  partial  paralyses  Gharx)entier  discusses  the 
tranmatic  origin  of  some  of  these  puerperal  palsies.     From  a  con- 
sideration of  the  facts  and  authorities  which  he  cites  it  is  difficult 
not  to  conclude  that  trauma,  as,  for  instance,  by  pressure  by  the 
child's  head  and  more  especially  by  the  obstetric  forceps,  does  some- 
times occur  in  these  cases.     Hence  a  too  dogmatic  assertion  that  all 
these  cases  of  puerperal  paraplegia  and  pelvic  neuritis  are  the  results 
of  sei)tic  infection  should  be  avoided.     It  is  true  that  many  of  the 
cases  reported  were  studied  a  long  while  since,  without  sufficient 
critical  examination  either  of  their  cause  or  their  pathology.     But 
even  the  older  observers  were  somewhat  sceptical  of  pressure  being 
sn  active  factor  in  these  cases.     Accoucheurs,  Charpentier  says,  at- 
tribute this  accident  to  a  compression  of  the  sciatic  (sacral?)  plexus 
and  of  the  obturator  nerve,  but  this  action,  he  says,  has  not  been  de- 
monstrated.    He  thinks  it  more  reasonable  to  suppose  that  the  acci- 
dent occurs  within  the  spinal  canal,  following  obstruction  to  the 
circulation,  etc.     But,  unable  to  harmonize  this  theory  with  the  ana- 
tomical facts,  he  falls  back  upon  the  theory  of  either  albuminuria  or 
reflex  action. 

The  following  case  from   Romberg  shows  clearly  the  action  of 
trauma. 

A  woman  33  years  old  was  delivered  with  the  forceps  after  a  difficult 
labor,  which  lasted  twelve  hours.  During  labor  she  suffered  painful 
Bpasms  in  the  left  leg,  and  the  following  day  upon  being  lifted  up 
she  complained  of  weakness,  of  difficulty  in  her  gait,  and  of  a  loss 
of  sensibility  in  the  left  foot.  She  coidd  not  feel  the  hand  when  it 
was  passed  over  the  dorsum  of  the  foot  nor  distinguish  the  sole  upon 
which  it  was  placed.  Motor  power  was  diminished  in  the  foot  and 
limb,  which  the  patient  dragged  in  walking.  Cure  was  obtained  in 
two  months. 

In  this  case,  which  unfortunately  is  not  reported  with  the  accuracy 
of  our  more  modem  clinics,  there  seems  to  be  a  direct  connection  be- 
tween a  prolonged,  painful,  and  instrumental  delivery  and  the  loss  of 
power  and  sensation  in  certain  nerve  trunks.  It  is  noteworthy  that 
theee  symptoms  began  even  during  labor,  before  the  application  of 
the  forceps.  Thus  the  woman  suffered  painful  cramps  in  the  left  leg, 
which  was  the  leg  eventually  paralyzed. 

Bedemaicher,  quoted  by  Imbert-Gourbeyre,  reported  in  1852  the 
cue  of  a  woman  who  was  seized  with  painful  but  incomplete  para- 
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plegia  followiDg  a  difficult  lalHir,  whicli  had  to  be  artificially  ind 
Cure  ill  this  ea8e  resulted  in  eigLt  days,  st>  the  inference  i8  that 
lesioTi  was  slight. 

Jaccnud  iiiidiBts  that  paniple^ia  may  result  froiy  compressicm 
the  nen^e  trucks  and  that  ihiB  occurs  Dot  only  in  cnm  plicate*! 
aa  Hoffiiiami  claimed,  but  also  after  regular  and  natural  labor, 
Bruus  has  indicated.     Axenfeld  said  that  during  lalK)r  the  heiid 
the  child   may  causo  pains   in   the  loins,  the  thighs,  etc.,  by 
pressing  the  norve^  dintrilmted  to  these  parts,  and  that  an  irrii 
of  the  motor  nerves,  causing  i>aiufiil  cramps,  sometimes  parapl 
either  temporary  or  pBrsistent,  may  result  (Char[ientier). 

Biauchi  "*  wrote  a  special  treatise,  the  object  of  which  waa 
establish  the  thesis  that  trauma  acLs  as  a  cause  of  paral\  sis  of 
lowt^i"  limbs   in   wnmen   during  ehildbiii;h.      Bianchi   regards 
traumatic  paraplegias  iis  iucoutestiible.     He  called  attention  to 
fact  that  similar  symp turns  can  be  excited  by  the  pressure  of 
uiinn  uervcH,  ami  uoted  also  the  analogy  of  these  iiaralyses  with  tlii 
wliii'li  Esnault,  already  referred  to,  had  observed  in  a  e^Lse  of  tin 
and  ijelvic  cellulitis.     He  likened  the  child's  beiul  to  a  hard  voli 
ntais  tumor  the  action  of  which,  although  limited  in  duratioD,  coald 
iievertlieleHs  cause  decided  eflects  which  might  persist  after  kboi; 
Bianchi  based  his  theory  uiK>n  a  consideration  of  the  anatomy  of 
Iitdvis,  and  iMiiichuled  that   it  was  possible  for   the  bead  to 
[>ressure  upon  the  nerve  trunks.     The  parts  especially  exiK)ecd 
pressure  are  the  muscles  of  the  perineum,  the  hypogastric  vessels, 
bladder,  the  rectum,  the  nerves,  and  in  particular  the  lum 
conl,  the  crural,  tht?  obturator,  and  the  sacral  plexus,  especially 
great  tormimil  l)rani*b,  the  sciatic  nerve.     Bianchi  contends  th&ttbl' 
grand  sriatic  nerve  is  incompletely  ]»rotected  from  injury  during  labor;  1 
that  it  is  fc^rcibly  com f pressed  in  all  labors,  but  to  a  variable  exteul. 
In  ordinary  cftses  tbi^i  ]>reHsure  is  tixerted  only  towartk  the  termiimtitJii 
of  the  labor,  and  is  shown  by  cTani]m  in  the  calves  of  the  legs,  but 
that  in  some  casi?s  hmg-continued  pressure  or  contusion  by  the  hi- 
ceps  may  cause  grave  iiud  eudnriug  j^ymptoms,  and  that  eveD  true 
paralyses  can  sui>ervene  in  the  parts  supidied  by  the  sciatic  iiene. 
Bianchi  jirojierly  calls  attention  here  to  the  fact  that  the  sciatic  Deri* 
is  especially  liable  to  be  implicated  in  these  cases  of  proloi 
instrumental  delivery.     His  explanation  of  the  mechanism 
by  whicli  in  tlie  vast  majority  of  crises  injury  to  the  sacr 
trunks  is  avoided,  is  clear  and  convincing.     He  says  that  th» 
veiielu'al  angle  contributes  to  lessen  the  pressure  which  v 
exercised  in  the  sacral  excavation,  and  especially  the  incEnati 
planes  and  axes  of  the  [jeh'is  directs  the  i>rincipal  effort  and  ti 
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est  pTessnre  of  the  head  against  the  anterior  wall.  Bianchi  believes 
that  the  sj^ecial  conditions  causing  traumatic  paralysis  in  labor  are 
the  ose  of  the  forceps,  a  posterior  position  of  the  vertex,  prolonged 
labor,  and  finaUj  a  contracted  pelvis.     He  cites  the  following  case : 

A  woman,  aged  34  years,  had  a  j>ersistent  paralysis  of  the  left 
leg  and  foot,  following  a  prolonged  and  diflBcult  labor.     When  the 
head  engaged  in  the  pelvis  rotation  was  delayed.     The  physician 
made  several  unsuccessful  efforts  to  deliver  with  instruments.     At 
every  attempt  at  traction  the  patient  felt  a  severe  pain,  fulgurant  in 
character,  along  the  whole  extent  of  the  left  leg  from  the  hip  to  the  foot. 
Delivery  was  eventually  effected  by  perforating  the  skull.     This  pa- 
tient during  her  lying-in  had  a  double  phlegmasia  alba  dolens.     This 
evidence  of  septic  infection  must  of  course  be  considered,  but  Bianchi 
does  not  attach  sufficient  importance  to  it.     The  right  leg  in  this  case 
was  not  affected.    In  the  left  leg,  the  movements  of  extension  and  flexion 
of  the  thigh  upon  the  pelvis  were  executed  easily.     The  foot  was  in  a 
position  of  extreme  extension,  its  direction  being  almost  in  line  with 
that  of  the  leg.     The  electrocontractility  of  the  muscles,  the  peroneal 
and  sural  group,  was  abolished,  and  the  sensibility  was  diminished  in 
the  same  region.     The  diagnosis  was  paralysis  of  the  left  leg  and 
foot,  caused  by  a  trauma  of  the  sciatic  nerve  during  labor.     (Cited  by 
Charpentier.) 

From  the  facts  and  authorities  already  cited  it  is  evident  that 
there  is  some  latitude  for  differences  of  opinion  as  to  the  exact  causa- 
tion of  lesions  of  the  sacral  plexus  and  its  chief  trunks  during  labor. 
The  older  writers  were  evidently  disposed  to  regard  pressure  by  the 
head  and  injuries  by  the  forceps  in  i)rolonged  and  difficult  labor  as 
imiK>rtant  fjiotors  in  causing  tliese  i)araly8e8.     The  tendency  of  more 
mcHleni  writers  is  to  dissent  from  this  view,  and  to  ascribe  lesions  of 
the  sacral  plexus  and  its  branches  to  a  soi)tic  inflammation,  ])ropa- 
gated  directly  to  the  nerse  trunks  from  a  metritis  or  a  periuterine 
cellnhtis.     I  do  not  see  that  it  is  necessary  to  ignore  either  one  or 
(»ther  of  these  important  factors,  although  I  believe  that  the  theory 
»f  septic  infecticm  is  the  cme  that  more  satisfactorily  exjJains  the 
majority  of  these  cases.     There  can  be  little  doubt,  however,  that 
in  ca^e  of  a  large  head  or  a  contracted  pelvis,  the  instruments,  espe- 
mlly  if  applied  in  a  faulty  manner,  might  make  pressure  upon  the 
Hacral  plexus  where  it  lies  ui)on  the  body  of  the  pyriform  muscle, 
or  especially  upon  the  trunk  of  the  sciatic  nene  where  it  emerges 
Ijelow  the  lower  margin  of  that  muscle  and  where  by  reason  of  its 
great  size  and  its  exposed  position  it  is  liable  to  injury. 

Among  other  causes  of  injury  to  the  sacral  plexus  may  l)e  men- 
tioned neuromata  and  sarcomata,  and  possibly  osteosarcomata. 

Neuromata  of  the  sacral  plexus,  while  theoretically  x)ossiblo,  are 
practically  little  if  at  all  heard  of.     I  do  not  know  and  have  not  read 
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of  an  instance.     Stieh  ttmi<*i'H  are  not  unlieard  of,  iiltlionK)!  thft 
rare,  in  tlie  case  of  the  bnu'liiHl  plexnn.     An  iimtance  of  the  ki 
fitod  from  Dub  ring  in  the  description  of  the  iliseaseB  of  tha  bmchial 
l)lesns* 

Sarcomata  and  osteosarcomata  may  occur  in  the  pelvis  and  msy 
cause  symptoms  of  presaure  upon  or  irritation  of  the  nerve  trunkB, 
In  such  eases,  as  in  all  eases  of  tumors  involving  nt^-ves,  th«5  iniiiiU 
symptoms  aro  likely  to  be  fngaciaus  and  deceptive.  Thus  pain  of  an 
intermittent  or  paroxysmal  character  may  Ih5  oljsorved  in  one  nerve 
trunk.  Ah  the  case  advances  this  i>ain  becomes  more  estAblisbed  uid 
may  extend  to  wider  areas.  It  may  be  aaaociAted  with  other  dii^ 
ordera  of  sensatifvn,  such  as  anaesthesia  and  paneatbeAii^  Putnam*** 
has  put  on  reiionl  a  citso  of  sarcoma  within  the  pelvis  which  involved 
a  number  of  tlie  nerve  trunks.  A  somewhat  rare  form  of  tumor  of  tli6 
SiUi'ocr>ccygeal  region  c<»mpriHes  the  cystic  tumors  of  embryonal  or 
deveiopmeDtal  origin  which  are  allied  to  spina  bifida,  Tlie«e  congeni- 
tal cyHt«  may  or  may  not  iovolve  ner\'e  trunks.  In  very  many  in* 
stances  these  trunks  escape.  Patients  in  fact  may  live  t<i  adult  life 
sunietiraes  in  ignorance  that  they  are  malformed,  Emmet  and  Thomas 
have  l>oth  deHcribed  ca.seH  in  women  in  which  thene  tumorH  gave  no 
troul>le  before  parturition,  Tlie  nature  of  thewe  tumoi's  it*  HometimeR 
(juite  oljscure  (Lloyd").  They  have  given  rise  to  much  confuiiion, 
aiul  a  volumimnis  literature  (especially  in  France  and  Germany)  ban 
Hpnmg  up  ahnnt  them.  In  the  article  on  ** Tumors  of  the  SocrcK 
coccygeal  Begion''  in  the  index  catalogue  of  the  Surgeon-Generml^s 
office,  several  columns  of  references  are  given  to  papers  and  mono* 
graphs  on  this  interesting  subject.  There  are  several  varieties 
of  tliese  congenital  sacral  and  coccygeal  tumors.  The  ooccyx  may 
even  be  wanting.  In  some  of  these  cases  the  morphology  is  simiUr 
to  that  of  Hpina  !>itida,  the  lei^ifm  depending  ujion  defective  develop- 
ment  of  the  hunina  of  one  or  more  bones  of  the  sacrum.  The  sac  in 
these  eases,  unlike  ordinary  spina  bifida,  protrudes  anteriorly,  henee 
is  IfR-ated  within  the  pelvis.  This  may  be  due  to  the  fact  that  for 
some  rejiHrm  this  is  the  direction  of  least  resistance.  In  some  cases, 
as  pointed  c»ut  by  Giraldes,  the  hmior  is  located  in  the  perineal  regioii* 
An  important  p*iint  for  diagnosis  is  the  fact  that  the  tumor  pnaben 
the  rectum  before  it.  In  one  case  reported  l)y  Oiraldi3S  such  a 
tumor  in  a  woman  was  punctured  by  a  surgeon  and  tlie  patient  died 
in  cunse*4|uence  with  tetanoid  symptoms  of  meningitis.  An  autopey 
showed  that  the  cyst  was  attached  to  the  sacrum  and  communicated 
with  the  vertebral  canal.  Emmet  and  Thomas  have  each  punctured 
emsh  a  pelvic  cyst  by  mistake  and  both  lont  their  patienU  in  oopae 
guenoe.     In  such  eases  the  nerves  likely  to  be  involved  ai^  thooe 
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forming  the  sacral  plexus  or  the  branches  from  it.  It  is  remarkable, 
howerer,  that  in  many  of  these  cases  the  nerve  trunks  are  not  in- 
TolTed,  and  this  is  due  no  doubt  to  the  fact  that  the  congenital  defect 
is  located  at  a  x>oint  below  where  the  main  trunks  forming  the  sacral 
plexus  emerges  from  the  spinal  canal.  Moreover,  the  tumor  being 
located  in  the  median  line  does  not  make  pressure  upon  the  plexus 
itself. 

Gunshot  wounds  of  the  sacral  plexus  are  rare.  According  to 
Mills  one  hundred  and  three  cases  of  gimshot  wounds  of  the  pelvis 
occurred  in  the  American  war.*"  In  one  of  these  the  sacral  plexus 
was  wonnded.  This  patient,  aged  twenty -three,  was  wounded  at  the 
battle  of  Oettysburg.  The  ball  entered  the  left  side  of  the  sacrum 
and  injured  the  sacral  plexus.  The  leg  of  that  side  was  paralyzed, 
bat  recovery  ensued.    Details  of  the  case  are  not  given. 

Ordinary  neuritis  of  the  sacral  plexus,  due  to  rheumatism,  cold, 
etc.,  is  probably  unknown.     Infectious  neuritis,  such  as  that  occur- 
ring after  childbirth,  undoubtedly  exists  and  has  already  been  de- 
scribed.   Mills  inclines  to  the  belief  that  simple  non-infectious  neu- 
ritis of  the  sacral  plexus  might  occur,  but  he  gives  no  instance  of  it 
in  his  paper.     Considering  the  protected  position  of  the  sacral  plexus 
within  the  pelvis,  it  seems  to  me  very  improbable  that  simple  non- 
infectious neuritis  of  this  plexus  or  its  branches  should  occur.     This, 
of  course,  does  not  apply  to  the  main  branch  of  the  sacral  plexus,  i.e., 
the  great  sciatic  nerve.     This  nen^e,  as  is  well  known,  is  frequently 
the  seat  of  an  acute  inflammation,  causing  the  symptoms  of  the 
well-known  disease,  sciatica,  which  will  be  described  later  in  detail. 

Gray'"  has  described  two  cases  of  apparent  neuralgia  of  the 
sacral  plexus.  The  symptoms  were  pain  about  the  buttock,  peri- 
neam,  scrotum  (in  a  man)  and  labia  (in  a  woman)  and  down  the  back 
of  the  thighs,  without  motor  impairment.  There  was  also  some  anaes- 
thesia. The  cause  for  this  condition  was  not  satisfactorily  deter- 
mined, and  as  no  rectal  examination  was  made  it  cannot  be  stated 
positively  that  there  was  no  organic  lesion  in  either  case.  As  im- 
provement occurred,  however,  it  is  not  likely  that  the  lesion  was 
grave,  and  it  may  simply  have  been  a  neuritis  due  to  some  obscure 
causes. 

The  symptoms  of  disease  or  injury  of  the  sacral  plexus  or  of  its 
mam  branches  are  usually  easily  determined,  although  not  a  few 
cases  occur  in  which  these  symptoms  are  obscure,  e8i)ecially  in  the 
early  stages  of  the  disease.  The  obscurity,  however,  which  involves 
these  cases  is  often  more  apparent  than  real,  and  arises  from  the  fact 
that  the  practitioner  fails  to  make  a  thorough  exploration  of  the 
pelvis  and  of  the  nerves  issuing  from  the  great  sciatic  foramen. 
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Cases  wliicLi  I  liHve  seen  aud  iu  which  thediaguosis  had  i:ioi  beeoiials*- 
ftu^turilv  made  have  impressed  me  with  this  fact.  It  catiDui  ba 
too  strongly  imjireHsed  upon  the  practitioner  that  in  all  casaB  ol  ob- 
Bcure  i>ain  about  the  buttock,  thigh,  and  hii),  e8i>ecially  in  womi^D^ 
an  examiiiHtion  ol  the  pelvis  m  of  the  tirat  imiiortance,  Caaea  with 
sli^Iil  i>ains  al>out  the  buttm^k  are  too  often  hastily  diagrifisticatcJ  as 
sciatica  or  a  simple  rheainatism  or  neuralgia.  The  patient  is  uot 
stripiH>d  and  thoroughly  examined.  Instances  from  my  own  exjieri- 
euce  have  been  previously  relaUnL  Thus,  in  these  cases,  in  one  in- 
stance an  ovarian  tumor,  in  ani*ther  (*auc4*r  of  the  rectum,  and  id 
still  another  aliscess  of  the  (*elvis,  had  all  been  erroueuusly  diiig- 
nosticated  as  sciatica  or  rheumatic  neurnlgia  nf  the  thigh*  In  Uib 
connection  too  much  imiKu-tance  cauntit  lie  attjit^htHl  to  an  examitta- 
tion  by  the  rectum.  A  vaginal  examination  is  often  not  sufficient  to 
dt^tonrnne  the  condition  of  all  the  iiehic  content».  Examination  by 
the  rectum  alhnvs  the  observer  to  make  direct  palpation  of  the  sai^ral 
plexus  and  also  to  investigate  regions  of  the  posterior  and  lower 
regions  of  the  i^elvis  which  cannot  be  satisfactorily  reai^ieil  Hi  rough 
the  vagina. 

Another  important  point  in  Uie  diagnosis  of  lesions  of  the  aacral 
plexus  is  the  fact  that  iu  most  instances  they  are  unilati^ral,  and  tluU 
even  iu  cases  in  which  they  are  bilateral  they  have  usiuill\'  b^(iin  ou 
one  side  and  very  fre<iuently  persist  in  a  worse  degree  on  one  ftido 
than  on  the  other.  This  is  true  e\en  with  some  of  the  puerjieral 
cases.  Thus  in  one  case,  cited  aljove,  in  which  there  Wfu*  a  laiKo 
phlegmonous  induration  in  the  pelvis,  the  symptoms  began  on  one 
side  /Utho»igh  eventually  the  other  side  l>e4'ume  involved. 

Art'ei'tiona  of  the  sticral  plexus  usually  |>resent  certain  ty{ie&« 
These  have  l^een  arranged  systematically  by  Mills'**  and  are  given 
here  with  some  slight  modiJicaticm  in  accord  with  my  own  clinical 
exj^erience:  1.  Peroneid  type;  2.  The  sacrodishd  and  sacroglateal 
type;  3.  Neuritid,  lcK5al  or  Djulti[ile,  due  t<>  septic  or  other  infecTtiun; 
4,  Neuritis  with  paralysis  and  iiseudoparal >  sis  due  io  phlebitis 
(phlegmasia  alba  d<jlens),  often  septic  but  having  s|iecial  features. 

The  first,  or  i»eroneal  ty  r>e,  oi  paralysis  due  to  injury  or  di^tease  of 
the  sacral  plexus  is  one  of  special  interest  and  imjKirtance.  Its  aig- 
uificance  was  first  pointed  out  by  Hiinormann,'**  whose  paper  18 
largely  devoted  to  establishing  this  as  a  distinct  type  of  imer]>ertd 
paralysis.  The  symptoms  are  about  as  follows:  Usually  after  pro- 
traiTted  and  instrumental  lalx^r  the  [mtient  suffers  severe  |Mtiu  in  the 
course  of  the  sciatic  nerve»  with  a  feeling  of  numbness  and  of  tingling 
and  creeping  on  the  outer  side  of  the  calf,  extending  t«»  the  dorsum 
of  the  f*M»t,  even  so  far  as  the  toes.    With  this  is  associated  a  more  or 
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less  complete  paralysis  of  the  peroneal  nerve.     The  foot  cannot  be 

extended  (dorsiflexed).    Extension  of  the  toes  also  is  impaired  and 

the  inner  border  of  the  foot  is  immobile.     Flexion  of  the  toes  is 

qsiuJIt  not  involved  and  the  movements  of  the  knee  and  hip  joint  are 

not  impaired.     In  some  of  these  cases  there  is  no  tactile  anaesthesia. 

This  was  so  in  all  four  of  Hiinermann's  cases,  although  pain  was  a 

well-marked  symptom.     This  pain  is  described  as  cramp-like,  and 

in  some  cases,  in  fact,  cramps  are  experienced  in  the  affected  muscle. 

In  long-standing  cases  the  peroneal  muscles  waste  and  the  reactions  of 

degeneration  occur.      The  following  case  from  Hiinermann  is  an 

example  of  this  peroneal  type  of  puerperal  paralysis. 

A  primipara,  aged  36  years,  was  delivered  with  great  diflSculty 
after  being  in  labor  three  and  a  half  days.     Perforation   of  the 
head  had  been  required.     On  the  day  after  her  confinement  complete 
paralysis  of  the  right  i)eroneal  nerve  was  observed.     The  patient  had 
severe  pain  along  the  sciatic  nerve  with  numbness  on  the  outer  side 
of  the  left  calf  and  tingling  and  creeping  sensations  in  the  toes.     The 
paralysis  of  the  peroneal  nerve  abolished  the  power  of  dorsiflexion  of 
the  foot  and  extension  of  the  toes.     The  movements  of  the  hip  and 
knee  joint  were  not  impaired.      There  was   no  abolition  of  sensa- 
tion.   During  the  first  three  or  four  days  and  nights  pain  was  the 
most  urgent  symptom,  completely  banishing  sleep.      On  the  six- 
teenth day  electroexcitability  of  the  paralyzed  muscles  was  clearly 
demonstrated.     The  paralysis  still  persisted  when  the  patient  left  the 
hospital  at  the  end  of  the  third  week. 

Hunermann*s  three  other  cases  presented  symptoms  similar  to 
the  above.  In  one  patient  there  was  a  contracted  jielvis,  reciuiring  a 
forcej*  delivery  under  ether.  In  another  the  patient  was  also  deliv- 
ered i^ith  forcei)8  after  a  labor  of  twelve  hours,  while  in  the  last  case 
(also  a  forceps  delivery)  the  patient  had  tearing  pains  and  jerking  of 
the  left  leg  during  the  use  of  the  instruments.  In  all  these  cases  pain 
and  cram])  were  prominent  symptoms,  with  complete  paralysis  of  the 
muscles  supplied  by  the  i)eroneal  nerve.  Hiinermann's  explanation, 
which  has  also  been  adopted  by  Mills,  of  the  isolated  i)aralysis  of  the 
peroneal  muscles  after  instrumental  delivery  is  about  as  follows :  The 
sacral  plexus,  as  will  be  recalled,  is  formed  from  the  first  three  sacral 
nerves  and  from  a  large  nervo  trunk  coming  from  the  last,  lumbar 
nerve,  called  the  lumbosacral  cord.  The  plexus  itself  lies  upon  the 
anterior  1)elly  of  the  pyriform  muscle;  the  first  sacral  nerve  lying 
at  one  border  (the  upi)er  or  outer)  of  the  muscle,  the  third  sacral 
nerve  at  the  lower  or  inner  border,  the  second  sacral  nerve  lying 
between  them.  The  plexus  thus  rests  on  soft  muscular  tissue.  The 
mnscle  itself  passes  freely  through  the  large  sciatic  foramen  of  the 
pelvis,  where  it  is  not  subject  to  pressure  against  a  bony  surface  in 
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sucb  a  way  sm  to  involve  any  ol  the  nerve  com[x3neiit»  of  Uie  plexoa. 
In  the  case  of  the  lumboBaeral  cord,  however,  which  enters  into  ibe 
foriBHtiori  at  the  saeral  plexus,  the  ease  ia  different.     Thia  cordarues 
largely  fvmu  the  lifth  and  partlv  from  the  fourth  lumbar  roota.     It  is 
a  very  targe  cord  and  as  it  imsaes  down  int^i  Uie  true  ])ehia  it  lienda 
(jver  the  sharp  lx)rder  of  the  true  i>elvi8.      This  luml>o«uuTal  ooid 
is  therefore  more  liable  to  pressure  and  injury  tluin  the  other  partM 
of  the  saeral  plexus,  esjiecially  in  a  liigh-forcefm  oi^eration.     Now 
this  lumbosacral  nerve,  according  t*)  Ijefebre  and  others,  is  the 
of  the  i.)eroDeal  or  extermd  iM>|»liteal  nerve.     This  nerve  in  fact 
a  coDtiniiatiou  of  the  lumbosac^ra]  cord,  and  in  rare  instaneea  it  haa 
been  ti'aced  as  a  separate  nerve  all  th<^  way  frt>m  the  i>elvis  (Mills)« 
As  will  be  recMlled,  the  suijerior  gluteHl  ner\'e  arises  from  the  lower 
part  of   the    lumbcKsiu  rnl   cord.     Tliis  nerve  supplies  the  glateos 
medius  and  minimiiH  muscles.     From  its  origin,  it  is  liable  in 
Caees  to  injury,  and  this  hiis  been  found  U)  be  the  caae  in  some 
stances.     The  distribution  of  the  i>eroneal  nerve  is  as  follows:  It 
divides  into  the  anterior  tibial  and  musculix'utaneoiw  nerves.    The 
anterior  tibial  supplies   the   tibialis   anticus,  eitteuaor  Icuikus  digi- 
torum,  extensor  proprius  hallicis,  and  extensor  brevis  digitoram. 
The  muscuh^cutaneous  nerve  supplies  the  muscles  on  the  tibular  »ii 
c>f  the  leg,  and  gives  liraiiches  to  the  i>eriineus  longus  and  the  jteronec 
brevis  muscles.     The  sensory  filaments  of  the  i^eroneal  ner\*e  by  its 
two  main  branches  supply  the  great  and  second  toes  and  the  ftdjoiu* 
ing  sides  of  the  second  and  third  t(jes,  the  dorsum  and  inner  side  of 
the  foot,  and  the  inner  side  of  the  ankle;  also  the  outer  side  of  the 
foot  and  ankle  and  all  the  toes  exc*-]*ting  the  outer  side  of  the  little 
toe.      As  a  c«inse«|uence  of   this  dintribution  the  panilysis  in  this 
]>erouBal  type  of  puer]>eral  palsy  involves  the  museles  which  dorsi- 
flex  the  foot  and  extend  the  toes.     The  sensory  area  involved  includes 
most  of  the  toes,  the  dorsum  of  the  foot»  the  outer  side  of  the  ankle, 
but,  as  already  said,  antesthesia  is  usually  not  marked  in  these  trrnscis. 
It  is  found  from  clinical  exfierienee  that  the  tibialis  anticus  mnsde 
is  most  hkety  to  remain  paralyzed.     This  muscle  elevatos  the  inner 
bonier  of  the  f<H3t,  extending  (dorsiflexing)  and  adducting  the  foot 
at  the  ankle.      The  extensor   lougiis  digitnrum  extends  the  toes 
and  dorsiMexea  the  fr>ot.     The  peroneus  longus  and  peronens  brevis 
muscles  evert  the  foot  and  robite  it  fintwarcls.     By  reference  now  ki 
the  table  given  elsewhere  of  the  representation  of  the  various  maades 
in  the  different  segments  of  the  cord  (see  page  249)  it  mil  be  seen  Oi*^^ 
those  muscles  affecteil  in  puer}?eral  traumatism  have  their  o&Diaeem  IvH 
the  fourth  and  fifth  lumbar  segments,  and  it  is  from  these  segments    ^ 
that  the  great  lumbosacral  cord  arises.     Henoe  tlie  dsmonstratiim 
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here  gives,  according  to  Hunermann  and  Mills,  is  clear,  that  in  those 
eases  of  paralysis  following  the  high-forceps  ox)eration  this  lumbo- 
sacral cord  is  the  portion  of  the  sacral  plexus  most  frequently  iu- 
Tohedy  and  that  this  is  by  direct  pressure  or  injury.  A  further 
proof  that  this  paralysis  is  caused  by  injury,  and  not  by  infectious 
neuritis  extending  from  a  metritis  or  pelvic  cellulitis,  is  the  fact  that 
in  some  of  these  cases  the  paralysis  appears  even  as  early  as  the  first 
day  after  delivery.  An  additional  proof  of  the  mechanism  of  this 
paralysis  is  the  fact  that  the  lumbosacral  cord  is  not  located  in  a 
favorable  ix)eition  to  be  attacked  alone  by  an  infectious  process 
arising  from  a  septic  inflammation  about  the  uterus.  Any  such 
septic  process  causing  pelvic  cellulitis  would  be  quite  as  likely,  if  not 
more  likely,  to  involve  the  sacral  plexus  proper. 

It  is  supix)eed  by  some  authors   that  this  involvement  of  the 
lumbosacral  cord  may  cause  an  ascending  neuritis,  which  eventually 
involves  the  spinal  cord.     This  hypothesis,  however,  is  not  necessary 
to  explain  the  clinical  fact.     The  paralysis  is  so  distinctly  localized 
in  the  distribution  of  the  peroneal  ner\'e  that  it  is  satisfactorily 
explained  by  involvement  of  this  large  nerve  trunk  alone.     In  cases 
in  which  the  paralysis  passes  from  one  side  to  the  other,  it  is  likely 
that  an  inflammatory  process  has  been  set  up  in  the  cellular  tissue 
annronnding  the  lumbosacral  cord,  and  that  this  passes  in  time  to  the 
either  side.     This  seems  to  me  a  more  reasonable  explanation  than  that 
given  by  Mills,  that  the  inflammation  ascends  to  the  roots  of  the 
canda  ecjuina  and  i)asses  from  one  to  the  other  by  reason  of  their  con- 
tiguity.    If  this  were  so  other  ner\'e  trunks  would  also  be  involved. 
It  is  also  iK)ssible  in  these  cases,  in  which  the  afi'ection  seemingly 
Itasses  from  one  side  to  the  other,  that  the  injury  has  originally  been 
bilateral,  but  because  of  the  i)osition  of  the  child's  head  the  injury  is 
worse  and  therefore  more  promptly  manifested  on  one  side  than  on 
the  other.     It  may  be  recalled,  however,  by   reference  to  Hiiner- 
mann's  cases,  that  the  symptoms  were  almost  uniformly  unilateral. 
The  one  striking  exception  to  this  occurred  in  a  woman  in  whom 
there  was  a  suspicion  of  syphilis. 

Id  discussing  the  mechanism  of  this  peroneal  type  of  puerperal 
palsy  Hunermann  does  not  incline  to  the  belief  altogether  that  the 
traama  to  the  lumbosacral  cord  is  caused  directly  by  the  forceps. 
These  cases,  it  is  true,  usually  happen  after  forceps  delivery,  but 
they  occur  in  women  who,  from  contracted  pelvis  or  some  other  cause, 
have  prolonged  and  difficult  labor.  This  renders  an  instrumental 
delivery  necessary,  but  the  immediate  cause  of  the  compression 
or  braising  of  the  lumbosacral  nerve  is  pressure  by  the  child's 
head.     Hunermann  believes  that  rotating  or  side-to-side  movements 
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effected  by  the  forcepa  are  especially  liable  to  cause  this  accident 
Mills  incliDea  to  the  belief  that  a  practical  point  Id  the  clifferetitial 
diagtJDsis  of  nerve  injuries  by  tlie  foreeim  from  those  auased  by  prea- 
sure  of  the  lieiul  of  the  child  is  that  in  the  former  the  Baeral  nenm 
are  most  likely  to  be  involved,  and  in  the  latter  the  lumbosacral  oofd 
and  [HiHsibly  the  tii^t  sacral  nerve.  In  Hiknermauu*9  caaea  certain 
important  tibstetrical  data  were  obtained  \\Tth  reference  to  the  poai* 
ticm  of  the  head  and  the  size  and  shape  of  the  pelvis.  Tlie  meaaiiM» 
nients,  according  to  him,  showed  a  gonerally  coutracte^l  i^elvis.  Ha 
Ix^lievcH  that  the^se  accidents  are  not  liable  to  oceur  in  a  normal  jielria 
except  in  face  and  brow  |>resentations.  It  is  a  remarkable  fact  tiial 
in  Mills*  case  two  sisters  of  the  patient  died  in  labor  within  two 
months  of  her  own  delivery.  This  seems  to  point  t<i  the  [MJ^ibiHty 
of  all  three  sisters  having  deformed  iK4ve«. 

A  proj>er  siueutifi*-  study  of  this  injury  no  doubt  dtnuunds  mum 
careful  investigation  of  the  diameters  of  the  pelvis.     It  is  evicii^nt  that 
some  forms  of  contracted  pelves  ai*e  more  liable  to  lead  to  croahing  of 
the  InndnKHHind  cord  than  othei-s.     Hunermann,  for  iv-' 
that  the  dat  nu-hitic  jtelvis  is  not  liable  to  cause  this  .1 
the  oblique  diameters  of  this  i>elvis  are  greater  than  tlie  atenigc 

In  the  set*ond  t»r  sa(*nHlistal  and  sm^roglutt'al  type  of  puer|>eral 
palsy  the  symptoms  are  merely  of  a  neuralgic  charai't<*r  in  cer- 
tain well-defined  areas,  witlioiit  imralysis  or  with  very  slight  fiaraly^ 
sis  of  short  diHutioii,  tn-  evt-n  witJi  only  a  pseudo-iwiralysia  due  to 
the  inhibition  nf  movement  by  {miu.  These  oaaea  pn>)jably  do  nM 
differ  essentially  from  the  preceding,  except  in  the  serority  of  Iha 
symptoms  and  the  priHlominanre  c^f  pain.  Tlie  symptoms  afi&  noi 
always  coniine*!,  however,  U>  tlie  distribution  of  the  htmboaacnl 
nerves.  They  may  l>e  called  in  fact  preeminently  the  neuralgic  iy^ 
of  puerperal  f>alsy .  In  these  cftses  there  is  usually  conaiderahle  l^in 
iluring  laljor.  This  ijersists  after  labor  ami  may  even  bo  aggravated 
for  a  ilay  or  two.  The  character  of  the  pain  is  severe  and  it  ia 
usually  asHociatHl  not  so  much  with  true  paralysis  as  witli  iinmcv 
bility  of  the  limbs  caused  by  the  i»aiu.  The  IfKMition  of  thsa  |>ain 
varies.  It  may  be  felt  in  the  i^roiu  and  may  even  seem  to  involve  tba 
entire  limb.  In  these  cases  the  anterior  crural  and  obturator  nervea 
may  lie  involved,  as  well  as  the  branches  of  the  saci-al  plexus.  Thoa 
in  Fnllerton's  case,  already  refernxl  to,  pressure  on  the  anterior 
c*niral  and  obturat'or  n(»r\ea  caused  the  patient  to  cry  out  nith 
pain.  If  the  nerves  of  the  sacral  plexus  are  involved  the  pain  may 
radiate  about  the  butttwk  and  down  the  posterior  asjM^'t  af  the 
thigh.  In  such  cases  exploration  by  the  rectnm  may  lea*!  U*  the 
dt^tection  of  the  individual  nerve  trunk  or  trunks  of  the  sacnd  plexi3 
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that  are  involved.    Pressure  upon  them  will  usually  cause  the  patient 

io  cry  out  with  pain.     In  cases  of  this  type  there  is  not  usually  any 

irae  ansesthesia.     Mills  records  a  case  of  this  sacral  neuritis  in  a 

woman  aged  thirty-three.     When  first  pregnant  she  began  to  suffer 

pain,  extending  from  the  hip  to  the  heel  of  the  left  side.     After  labor 

she  did  not  entirely  recover  from  this,  and  with  each  succeeding 

pregnancy  the  pain  became  worse.     After  the  birth  of  the  fifth  child 

ahe  was  obliged  to  use  crutches  because  of  the  pain  in  walking. 

There  was  ultimately  some  slight  sensitiveness  also  in  the  other  leg. 

This  sensitiveness  in  the  leg  first  affected  was  found  particularly  over 

the  sciatic  distribution.     Examination  by  the  rectum  and  the  vagina 

showed  extreme  sensitiveness  of  the  left  sacral  plexus.     There  was 

also  found  a  prolapsed,  enlarged,  and  retroverted  womb,  with  pelvic 

exudations  and  adhesions.     The  ovarian  tube  on  one  side  was  tender 

and  enlarged.     In  this  case  there  was  evident  a  general  inflammatory 

state,  or  the  results  of  an  inflammatory  state,  in  the  pelvic  organs. 

This  had  resulted  evidently  in  involvement  of  some  of  the  nerve 

trunks,  with  resulting  neuralgic  symptoms. 

Kelly,  quoted  by  Mills,  refers  to  a  case  of  a  woman  who  had 
suffered  with  exacerbations  of  great  pain  in  the  pelvis,  which  had  led 
e?entually  to  the  removal  of  both  tubes  and  ovaries.  This  had  not 
relieved  her  pain.  Gai*eful  examination  subsequently  showed  that 
the  uterus  and  its  surroundings  were  free  from  disease.  By  rectal 
examination,  however,  it  was  found  that  one  of  the  main  cords  of  the 
sacral  plexus  was  exquisitely  sensitive,  so  that  when  it  was  touched 
the  patient  gave  a  sudden  scream,  at  the  same  time  doubling  up  her 
leg.  The  disease  of  the  sacral  plexus  in  this  case  had  followed  a  dif- 
ficult forceps  delivery. 

All  cases  of  this  neuralgic  type  of  disease  of  the  pelvic  nerves  are 
not  due  necessarily  to  labor  and  its  complications.  Disease  of  the 
ovaries  and  tuljes  may  also  cause  such  symptoms.  Ovarian  tumors 
and  diseases  of  the  rectum,  as  already  explained,  may  cause  obscure 
neuralgic  pains  in  the  nerve«  issuing  from  the  pelvis. 

The  third  type— neuritis,  local  or  multiple,  due  to  septic  or  other 
infection — is  referred  to  here  briefly  as  throwing  some  light  upon  the 
genesis  and  pathology  of  these  puerperal  palsies.  It  does  not  in 
strictness,  however,  belong  to  a  consideration  of  disease  of  the  sacral 
nerves,  although  these  nerves  are  usually  involved.  In  this  class  of 
cases  there  is  usually  a  more  or  less  diffused  or  multiple  neuritis,  the 
nerves  involved  not  being  necessarily  only  those  of  the  lumbar  and 
sacral  plexus.  In  other  words  there  is  an  inflammation  of  nerve 
trunks  due  to  the  absorption  into  the  blood  of  septic  matters  from  the 
womb.  That  various  poisons  may  cause  a  multiple  neuritis  is  now 
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well  kuowD,  I  reported  a  case  with  Dr.  RiesmaD*^^  in  which  a  gen- 
eral multiple  neuritis  was  endently  caused  by  a  septic  caudition  of 
the  blcioil,  u8^4(R'iated  with  an  eodocarilitifl,  although  the  atm  wjim  ti(»l 
a  puerperal  tme.  Home  writem  have  reiKirted  eases  of  multiple 
natu'itis  cxicurring  after  normal  lalwjm.  lu  some  of  these  cases  it  is 
more  thau  probable  that  the  cause  of  the  disease  was  aloohoL  The 
earlier  symptoms  may  even  oc-eur  liefore  labor,  and  Id  soch  cases  a 
true  septie  origin  cannot  well  be  8up|x>sed,  Cases  that  occur  after 
hiljor  uBually  come  on  before  the  end  of  the  third  week.  In  oteea  in 
which  there  is  a  true  septic  origin  the  nerves  of  the  (>elvis  aie  uanaUjr 
involved  early.  Later  other  nerves  in  other  portions  of  the  body  mmy 
beoome  involved*  It  m  proper  to  say,  however^  that  s  '  tmoeii 
arererj^  rare  up  to  date  in  medical  literature,  and  ca-  i  liave 

occurred  or  that  may  yet  occur  reiiuire  or  will  require  a  very  searcb- 
ing  eritieiBm  to  establish  their  identity.  While  it  cannot  1)«*  dauied 
that»  theoretically,  puerperal  infection  may  cause  a  more  or  less  dif- 
fused multiple  neuritis  in  other  portions  of  the  body,  still  the  al- 
leged fact  must  lie  accepted  with  caution.  Direct  involvement  of  the 
pelvic  nerve«  in  an  infectious  cellulitis  is  readily  understtHnl,  and  so 
may  be  an  inflammation  of  other  and  remote  nerve  trunks  by  septic 
poisiming  caiTied  to  them  from  the  bl(X>d.  Practically,  howe?er»  we 
know  that  while  the  former  instances  are  not  uncommon  thelntteri 
extremely  rare.  The  necessity  of  a  careful  criticism  in  theee  i 
is  weO  shown  in  tlie  case  reporteil  by  Mulnus"*  in  a  w*)man  who 
seized  with  painful  cramps  in  the  left  calf  three  weeks  after  the 
birth  of  her  child.  Loss  of  power  in  the  forearm  and  in  the  scapular 
region  occurred  later.  In  this  case,  tis  quoted  by  Mills,  alct»hol 
and  lead  are  not  excluded  tm  jjoasible  factors,  Handf<»nrs'^'  cases 
show  unmistakably  the  action  of  alcohol.  There  was  nothing  special 
aliout  tliem  excejit  the  fact  that  the  disease  came  on  during  tlie  puer- 
perium.  Both  women  were  wives  of  publicans  and  hjid  e^adently 
been  addicted  to  the  excessive  use  of  alcohol. 

The  fourth  tyiye  is  a  form  of  neuritis,  with  paralysis  and  pseudc 
jiaralysis,  due  to  phlebitis,  often  septic  but  having  s^sx^ial  featiii 
In  cases  of  pelvic  i>hlebitis  or  phlegmasia  alba  dolens  the  patient  may 
have  involvement  of  some  nerve  trunks  and  may  be  for  a  time  par- 
tially jmralyxed.  Neuritis  may  result  from  spread  of  the  inflammation 
by  contiguity  or  by  pressure.  In  crises  in  which  neuritis  oc<'ar»  the 
sympt*>mH  of  nerve  injury  may  jiossibly  |)ersist  after  the  other  symfK 
toms  have  sulmidetL  These  crises,  in  fact,  are  instaooee  simply  of 
an  infectious  prooeas,  and  hence  do  not  differ  materially  from  emm 
already  mentioned  exce[it  in  the  fact  that  the  principal  veins  arr  in- 
volved.    Thus  a  patient  suffering  with  pldebitis  may  develop  oth^ 
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septic  symptoms.     She  may  become  pyaemic,  and  an  infectious  mye- 
litis, lesultiDg  in  an  incurable  paraplegia,  may  result.      Winckel 
quotes  authorities  to  prove  that  in  some  cases  of  phlegmasia  i)araly- 
sis  of  the  affected  leg  may  remain.     In  such  cases  there  is  usually  a 
history  of  some  septic  condition  occurring  during  or  subsequent  to 
labor.      In  one  case,  referred  to  by  Fullerton,  an  abscess  had  formed 
over  the  right  sacrosciatic  foramen.     A  left  crural  phlebitis  existed, 
with  the  characteristic  oedematous  and  anaesthetic  condition  of  the  leg. 
The  uterus  was  embedded  in  a  mass  of  pelvic  exudate.     In  such  a 
case  the  impairment  of  movement  is  largely  due  to  the  swollen  state 
of  the  leg,  and  is  not  a  true  paralysis.     As,  however,  there  was  ex- 
tensive septic  infection  of  the  pelvic  organs  it  is  possible  that  some 
of  the  pelvic  nerves  may  have  been  involved.     In  some  cases  localized 
or  diffused  pain  may  exist  in  the  leg.     Thus  the  great  toe  or  the  foot 
may  be  the  seat  of  neuralgic  pains.     In  some  cases  the  limb  may  not 
obIj  be  paralyzed  but  wasted  with  some  loss  of  sensation.     This  con- 
dition is  probably  due  to  injury  or  inflammation  of  some  of  the  nerve 
tronks  in  the  pelvis,  which  is  only  coincideut  with  the  phlegmasia, 
that  is  to  say,  the  conditions  are  all  dependent  on  a  septic  infection. 
From  examination  of  reported   cases,  especiallj'   those  quoted  by 
Mills,  it  is  apparent  in  this  type  of  case,  in  which  phlebitis  occurs, 
that  a  true  paralysis,  due  to  injury  of  the  nerve  trunk,  is  not  always 
present,  but  that  the  disability  of  the  leg  is  due  to  the  swelling  and 
consequent  stiffness. 

The  diagnosia  of  all  forms  of  disease  or  injury  to  the  sacral  plexus 
depends  of  course  upon  a  thorough  exploration  of  the  parts.  As 
already  said,  a  thorough  exploration  of  tlie  pelvis  by  the  vagina  and 
rectum  is  often  essential  in  obscure  cases  to  clear  up  the  diagnosis. 
Examination  by  the  rectum  is  especially  important.  By  this  means 
the  nerve  trunks  can  be  palpated  and  any  disease,  <is  tumor  or  inflam- 
mation, in  the  posterior  part  of  the  pelvis  can  usually  be  demon- 
strated. It  may  be  put  down  as  a  rule,  that  in  every  case  simulating 
sciatica  or  neuralgia  about  the  hip,  groin,  buttock,  or  thigh  an  exam- 
inatioD  of  the  pelvic  contents  should  be  made. 

The  distribution  of  the  pain  and  paralysis  in  the  different  types 
of  disease  just  described  is  usually  suflSciently  characteristic.  These 
symptoms  can  generally  be  traced  to  involvement  of  one  or  other  of 
the  main  nerve  trunks  of  the  sacral  plexus.  The  history  of  the  case, 
especially  of  a  preceding  labor,  with  instrumental  delivery  or  septic 
complication,  often  cleai'ly  indicates  the  character  of  the  lesion.  In 
cases  of  beginning  ovarian  tumor  or  rectal  disease,  however,  mistakes 
are  easily  made,  as  the  preceding  history  of  the  case  may  be  obscure. 
Li  such  cases  exploration  of  the  pelvis  is  imperative. 
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Hyskria  can  unquestionably  Bimulate  organic  diseaiie  of  the  p^lvio 
nerve«.  Churcliliill,  for  instance,  in  his  [>ai>er  already  cited,  gi^e9 
undoubted  exampk's  of  hysteria  occurrin^c  in  the  pueri>erittin.  Lee- 
son  reportii  two  ca.sea  of  paralysis  after  adherent  [placenta,  which  wem 
evidently  hyHterieal ;  contrm-tiires  were  the  prominent  Hymptoms,  and 
the  wrmien  recovered  promptly.  In  euch  eases  ehnraet^^ristic  hy»t«*r- 
ical  Hti^mata  are  usually  present,  exspec-ially  He^^ioenbU  auiestht^ia  of 
the  leg  or  heniiaua:*HtheHia  involving  lK)th  arm  and  leg.  Clufcrarteri^- 
tic  mental  states  are  als*>  present.  The  affected  musclen  do  not  tl<^ 
generate,  and  the  paralysis  is  not  confined  to  the  masdei}  supplied  by 
any  one  particnhir  nerve,  but  usually  involves  all  the  nrafldas  o£  the 


The  pathohfjij  of  the>ie  affections  of  the  sacTal  nerves  in  rfuidilT 
understood  and  h?us  Ix^n  indicated  sufficiently  in  the  s[>ecial  8«ietio]i 
devoted  to  the  subject  of  the  general  jiathology  of  the  nerves.  In 
cases  of  simple  i>ressm*e  or  crush,  as  those  in  which  the  lumlmsiicnl 
cord  is  involved,  the  nerve  fibres  are  undoubtedly  rui>ture<l.  Iqcmob 
i*f  septic  infectifin  of  the  pelvic  organs  and  tissues  tlie  nerves  are  do 
doubt  in  a  state  *>f  more  or  less  acute  ioflammatiou,  or  tliej  aro  em- 
bediled  in  an  inflainmat*>ry  exudate  anil  thus  aabject  to  pramire. 

The  enrlier  theories,  first  <»f  a  functional,  and  second  erf  a  mllex 
origin,  for  tliese  pueri»eral  imrnlyses  are  now  re<'c^gni«ed  as  no  ]ongi<>r 
tenable.  This  latter  theory,  which  was  long  upheld  by  the  older  ob- 
servers, rested  upon  the  l>elief  of  an  abnormal  excitation  which  ei- 
hausted  the  spinal  centres,  and  thus,  as  it  were,  pandyzed  the  neire 
trunks.  Such  a  theory  was  little  lietter  than  a  cloak  for  ignoraiieat 
and  does  not  require  serious  ei>n8ideration  here.  Tlie  theory  of  an 
ascending  neuritis,  i»assiug  eventually  into  the  spinal  cord,  in  atiU 
held  by  some  oViservera  and  is  possilily  not  unreasonable.  An  the 
trtkphic  centres  for  both  the  niutor  and  sensory  neurons  are  located 
far  above  the  seat  of  infiammation,  it  is  not  likely  that  an  ascending 
degeneration  cun  occur.  According  to  Fleming,  however,  diattnci 
changes  do  occur  in  the  celH-MHlies,  lM>th  in  the  spinal  ganglia  and  in 
the  anterior  horns,  in  coses  in  which  the  axis-cylinders  have  lieen  cut 
across  or  compressed.  Thf*Be  changes  consist  in  a  shrinking  of  the 
nucleus  arifl  a  shifting  of  its  position,  and  in  apparent  alterations  in 
the  chromatic  elements  in  the  cell.  In  the  case  of  acute  inflammation 
the  poesibility  of  tliis  process  ascending  even  to  the  spimd  conl  cjin- 
not  be  denied.  The  symptoms,  however,  in  most  of  theae  cases  do 
not  indicate  clearly  an  involvement  of  the  spinal  cord.  Tlie  bladder 
and  rectum  are  usually  not  involved^  and  the  symptoms  are  mei^jr 
such  as  can  readily  be  accounted  for  by  implication  of  the 
trunks* 
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The  treatment  for  all  forms  of  paralyses  of  the  sacral  nerves  is  a 

sabject  of  great  importance.     Much,  of  course,  will  depend  upon 

the  accurate  diagnosis  of  the  case  and  the  determination  of  the  cause. 

If  Deoralgic  symptoms  are  excited  by  organic  lesions  deep  within 

the  i>elTi8,  it  will  be  useless  for  the  practitioner  to  address  remedies 

to  the  cure  of  the  symptoms  instead  of  to  the   removal  of  the 

cause.    Thus  sedative,  anodyne,  and  alterative  drugs  will  prove  of 

practically  no  benefit  in  a  case  of  ovarian  tumor  making  pressure 

upon  some  of  the  nerves  of  the  x)elvis.     On  the  other  hand,  a  surgical 

operation  for  the  removal  of  diseased  tubes  and  ovaries,  the  seats  of 

septic  infection,  will  not  necessarily  cure  a  neuritis  that  is  dependent 

upon  a  transmission  of  this  septic  process  through  connective  tissue 

to  the  nerve  trunks. 

Of  first  importance,  of  course,  in  obstetric  cases  is  thorough 
asepsis.     This  is  of  more  importance  even  as  a  prophylactic  than  as  a 
therai)eutic  measure.    The  discussion  of  this  subject,  however,  is  more 
appropriate  in  special  works  on  obstetrics.      Surgical  treatment  in 
such  cases  is  often  required  promptly.     The  evacuation  and  drainage 
of  pelvic  phl^mons,  the  ablation  of  diseased  ovarian  tubes,  the 
thorough  irrigation  and  cleansing  of  the  whole   parturient  canal, 
are  among  the  procedures  demanded  in  such  cases.     The  mischief 
once  done,  however — i.e.,  an  inflammatory  process  once  having  fast- 
ened uxx>n  the  nerve  trunks — the  ordinary  obstetric  procedures  and 
operations  will  not  necessarily  cure  the  patient  promptly  or  even 
eTentnally.     The  neuritis  under  these  circumstances  may  be  as  obsti- 
nate to  treatment  as  in  the  case  of  nerve  trunks  in  other  parts  of  the 
body,  and  we  know  that  neuritis,  especially  when  set  up  by  trauma 
and  infectious  jirocesses,  is  usually  a  stubborn  disease.      Still  the 
ordinary  obstetric  procedures  and  even  major  operations  are  in  the 
line  of  proper  treatment  for  many  of  these  cases. 

In  case  of  malignant  disease,  such  as  cancer  of  the  rectum  or 
Rarcoma  of  any  part  of  the  pelvis,  as  in  Putnam's  case,  the  (jues- 
tion  of  operation  is  a  purely  surgical  one.  The  primary  disease  in 
tbese  cases  usually  so  greatly  overshadows  the  nerve  lesions  that  the 
question  of  treatment  of  the  latter,  except  by  anodyne  drugs,  seldom 
arises. 

In  all  forms  of  puerperal  paralysis  rest  is  absolutely  essential. 
These  patients  should  be  kept  upon  their  backs  in  bed;  this  is  usu- 
%  indicated  in  all  forms  of  puerperal  sepsis,  but  especially  in  cases 
in  which  the  nerves  are  involved.  Absolute  immobility  of  the  limb, 
Diore  particularly  in  grave  cases,  such  as  the  peroneal  palsy  due  to 
injury  of  the  lumbosacral  cord,  is  indicated.  Mills  even  recom- 
ffiends  that  sand  bags  be  applied  to  either  side  of  the  legs  and  feet  in 
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order  to  aecure  this  immobilitT.  Fullertoa  elevated  the  limb  4itid 
banikged  it  with  flannel.  This  observer  also  applied  flaxseed  poul- 
tices over  the  groiu  in  a  caRe  in  wbit^h  the  anterior  crural  and  obtu- 
rator nervew  were  involved.  In  some  canes,  instead  nf  uaing  Band 
liagj^,  it  is  moi^e  desirable  to  put  the  affected  limb  u|KL>n  a  splint 
By  tliis  means  the  leg  eitn  be  kept  more  securely  fixed  than  in  any 
other  way.  It  is  desirable  also  to  swathe  the  leg  in  cotton.  Thia 
maintains  the  circulation  and  promotes  sweating. 

Alternate  hot  and  ccild  bathing  of  the  leg  is  reoommended  by  some. 
As,  however,  the  morbid  process  is  deep  seated  within  the  pelvis  it  is 
difficult  to  give  a  rational  explanation  for  such  treatment  to  the  periph- 
ery ;  nevertheless,  experience  seems  to  prove  that  such  Imthing  ia 
sometimes  beneficial.  It  prolmhly  acts  in  several  ways.  Thns  it 
may  both  maiiitain  the  circulation  and  also  favorably  impress  in 
some  way  th»  nutrition  of  the  nerve  tnmks. 

Anodyne  and  sedative  drugs  will  almost  invariably  be  demanded 
in  these  cases  l>ecau8e  of  the  |>aiu  and  the  general  nen*ons  reaction  of 
the  |>atient.  Opium  undoubtedly  is  the  most  efficient  drug  for  thii 
purpose,  but  it  slii>ulil  be  u-ned  with  cjiution  lest  it  lead  to  the  fonna^ 
tion  of  the  drug  habit.  This  is  especially  (rue  in  the  graver  forma 
of  these  imralyses  in  which  the  prosiH^ct  for  cure  is  remote.  The 
patient  under  these  circumstances  will  s<K>n  tH»me  to  rely  upon  an 
opiate  in  some  shape.  In  the  milder  eases,  however,  as,  for  in- 
stance, those  in  which  simple  neuralgic  pains  are  prt>sent^  a  pro|ier 
use  of  some  opiate  is  indicated.  The  drug  prolmbly  acts  nr>t  onl|r 
a  palliative  but  even  as  a  curative  by  assisting  in  keeping  the  : 
trunks  i^erfectly  at  rest.  Thus  in  casen  in  which  the  natural  tendiuier 
of  the  disease  is  tu  tdniU^  ami  even  disapfiear  iu  a  few  weeks,  there  ia 
no  gootl  rearton  why  the  patient  should  not  have  the  benefit  of  the 
relief  and  jmssjljlv  curative  action  of  opiura  in  some  form.  The 
inethodH  of  administering  the  drug  in  these  casi^  are  by  opinra  «u| 
positt  tries  and  the  hypoilermic  use  of  morphine.  Among  other 
seclatives,  the  coal-tar  pntducts,  such  as  phenacetin,  antipyrin,  aDti* 
kamnia,  or  exalgin  may  be  em[^hiyed. 

Of  alterative  dmgH,  salicylate  of  sodium  or  salophen  is  proliably 
efficacious  in  some  instauces.  Iodide  of  pntiwsium  is  of  little  uae  in 
cases  of  injury  or  inrtamujnti cm  of  the  sacral  i>lexus.  Ht^me  auUiori- 
ties  reeninmend  the  use  of  mercurials  in  these  cases.  Inonctioua  of 
mercurial  oiutment  may  lie  used  nu  the  aff*^*ted  leg,  esj>e<nally  U|iod 
the  inside  of  the  thigh  and  in  the  groin.  This  treatment  may  even 
be  |»ersevered  with  until  a  slight  coustitutional  effect,  ahown  by  a 
mild  degree  of  ptyalism,  is  secured. 

After  the  acute  stage  is  past  an  endeavor  should  be  made  to 
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E)T©  the  paralyzed  miiscles.     The  best  remedies  for  this  purpose 
^  massage  and  electricity.     In  cases  in  which  the  muBcles  have  de- 
&rated  imd  the  reactious  of  degeneration  are  present,  the  faradic 
put  is  not  approi>riate.     The  muflcles  will  not  react  mider  these 
imj^tances  to  this  current.     Galvanism  should  therefore  be  em- 
t^XoytJ  in  a  cm-reat  of  sufficient  strength  to  canse  slight  muBcnlar 
Dnse.      Massage  of  the  aflfected  limb   is  undoubtedly  a  useful 
Qct  to  the  galvanic  treatment.     It  should  be  done  by  an  expert, 
I  only  wiih  great  care  and  gentleness,  especially  in  cases  in  which 
'  muscles  have  undergone  advanced  degeneration. 

Diseases  of  the  Superior  Gluteal  Nerve. 

This  nerve,  as  already  describetl,  arises  from  the  lumbosacral  cord, 

emergea  from  the  pelvis  through  the  great  saeroaciatic  foramen, 

ove  the  pyriformis  muscle,  being   the  only  nerve  of  the   sacral 

Bins  that  passes  out  above  this  muscle.     It  is  distributed  by  its 

wo  terminal  branches  to  the  glutens  medius  and  minimus  muscles 

l^iXkd  to  the  tensor  vaginas  femoris.     It  is  entirely  motor. 

This  nene  is  seldom  paralyzed  alone.     As  it  arises  from  the  lum- 

IboBacral  cord  it  may  be  involved  in  injuries  to  this  cord>  such  as  have 

Ubeady  been  described  as  occurring  in  difficult  cases  of  labor.     Thus 

lift  all  caaes  of  the  peroneal  type  of  puerperal  paralyses  injury  to  this 

rUttremay  be  suspected  and  the  symptoms  of  it  should  be  sought  for. 

^Pkralysis  of  the  muscles  supplied  by  this  nerve  causes  inability  to 

lotate  the  thigh  inwards.     There  is  also  impairment  in  the  ability  to 

gain  an  erect    posture  after  stooping  and  in  rising  from  a  sitting 

poeition. 

The  treatment  of  this  affection  has  already  been  indicated  under 
the  head  of  the  sacral  plexus. 

Diseases  of  the  Fudic  Nerve, 

This  nerve  arises  from  the  lower  part  of  the  sacral  plexus,  and 

like  all  other  branches  of  this  plexus,  excepting  the  superior  gluteal 

nerve,  passes  out  of  the  great  sacrosciatic  foramen  below  the  lnwer 

edge  of  the  pyriformis  muscle.     By  its  various  branches  it  is  dis- 

tribtited  t4^  the  skin  about  the  anus,  the  perineum,  the  back  of  the 

he  j^enis  or  clitoris.     It  gives  muscular  branches  also  to 

^rinei,  accelerator  urina?,  erector  penis,  and  com- 

aly  sis  of  this  nen^e  causes  anH}Hthesia  in  the  parts 

4  of  power  in  the  bladder,  wliicli,  however,  is 

n  important  point  of  disti notion  is  that  the 

Bsthetic  in  ca^e  of  paralysis  of  the  pudie 
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nerve.  This  is  due  to  the  fat't  that  this  portion  of  the  scrotum  » 
supplied  hy  tlie  ileoinj^uioal  uerve,  whit^h  arisen  from  the  up^>er  jMirt  al 
the  lumbar  [>lexus.  The  jmdic  oenx^  is  Hoklom  if  ever  involvtHl  aloti^ 
In  lesions  of  the  sticral  plexus,  however,  it  may  l)e  paralyawHl  or  irri- 
tated* Characteristic  symptoms  are  neuralgic  pains  alxiut  the 
and  ]}erineuiu. 


Diseases  of  the  Small  Sciatic  Nerve. 

The  small  seiatic  nerve  is  distributed  to  the  skin  of  the  perin< 
and  to  a  well-delined  areii.  on  the  butt<x'k,  the  iMJsttTinr  as^tect  of 
thigh,  and  leg.  It  supplies  only  one  muscle,  the  gluteuB  niAximiia. 
It  arises  l>y  two  roots  from  tlie  lower  part  of  the  siu'ral  plexus.  It 
passes  out  of  the  iwlvis  in  company  with  the  groat  si'iatic  nerve  be- 
neath the  lower  margin  of  the  pyriformis  muscle.  This  nene  siip- 
pUes  a  well-dofiued  area  or  strip  nf  skin  over  the  glut<*us  nrnximas, 
the  perineum,  the  posterior  awfiect  i»f  the  thigh,  the  ]x)plit4^  rei^ioo, 
and  the  upfjer  and  [)osterior  part  of  the  leg. 

The  small  sciatic  nene  may  lie  antl  has  l>een  injured  alone*  In 
one  case,  nH*eutly  under  obsenation,  I  saw  woll-detined  s\iuptanm 
of  injury  of  this  uene  trunk  as  a  result  of  an  accident  cau8e<1  by  the 
col  1  is i » »n  i>f  two  t rol  I ey  cars .  I n  t li is  case  the  pati e n t  had  \yee n  vi  olentl  j 
shockeil  iu  the  <»ollision  and  had  Ix^en  picked  up  unconscious.  There 
were  large  ecchymi>s(\s  under  the  skin  of  the  loins  and  flank.  After 
recrnery  frc>m  tlm  immediate  effects  of  the  accident  the  patient  000- 
tinued  to  suffer  for  many  DK>nths  with  well-marked  amesthefda  OTflr 
the  posterior  part  of  the  thigh  and  in  the  perineum.  There  wwm  A 
slight  limping  gait,  such  hh  might  Vw*  caused  by  a  wrench  or  strain  of 
some  of  the  muscles  of  the  hip  and  thigh,  Tlie  [mtient  also  I1A1I 
some  loss  of  virile  p<3wer.  While  all  these  symptoms  could  not  be 
attributed  exclusively  to  injury  to  the  small  sciatic  ner\'e,  yet  til** 
anjrsthesia  in  the  distinct  and  limited  area  sinewed  that  tliat  nerve  at 
least  had  l>een  injured,  along  jxissiljly  with  some  other  nerve  roots  or 
componeuts  of  the  nacral  plexus.  In  such  acase  it  is  imiM^ssibletoftlale 
dogmatically  just  what  the  injury  Ui  the  nerve  is  or  where  exaetijr  il 
is  locate*!.  In  these  traumatic  casei*,  however,  it  will  genemUy  be 
found  that  single  nei^e  trunks  are  not  invfjlveti  alone.  The  injury, 
whatt>ver  it  is,  usually  ]m|ilic4itc^s  the  fibres  of  several  ner\'o  tnmks  or 
nerve  mots.  As  these  fibres  are  variously  combined  in  tlie  ^lend 
pleius,  the  ymt^sibility  is  that  the  lesion  is  located  either  in  that 
l»lexus  or,  mom  probably,  in  the  r<M>ts  of  the  sacral  nerves  within  the 
spinal  canab  or  in  the  sacral  nerves  themselves  as  they  emerge  frntn 
the  sacral  furamina. 

The  lesion  itself  in  these  eases  probably  consistB  in  mimite  €xmr 
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tosioDS  or  even  capillary  hemorrhages  within  the  nerve  trunks.     We 
must  suppose  that  there  is  distinct  organic  change  in  the  nerves  that 
produces  such  x)ersistent  symptoms.    It  does  not  do  to  suppose  a 
mere  dynamic  lesion.     The  lesion  is  doubtless  organic  or  structural, 
ilthoogh  exceedingly  minute.     Even  the  rupture  of  a  few  axis  cyl- 
inders is  quite  conceivable  as  the  eflfect  of  profound  shock  or  con- 
cussion.    Subsequent  attempts  at  repair  cause  a  hyx)erplasia,  which 
in  turn  may  press  upon  and  obliterate  other  nerve  fibres  within  the 
same  nerve  trunk.     A  kind  of  scar  tissue  may  thus  be  formed  by 
which  the  nerve  is  possibly  for  a  long  period,  or  even  irreparably 
imjudred.     Such  a  pathological  process  seems  essential  to  explain 
some  of  these  traumatic  cases.     The  nerves  involved  are  especially 
those   of  the  dorsal,  lumbar,  and  sacral  regions.      Such  cases  are 
often  of  great  medico-legal  importance.     They  are  the  cases  in  which 
claims  for  damages  are  not  infrequently  put  forward,  and  are  some- 
times very  justly  allowed  by  courts  and  juries.     As  the  symptoma- 
tology in  these  cases,  however,  is  often  not  a  little  obscure,  it  is 
essential  that  the  patients  should  be  examined  with   the  utmost 
mipateness  of  detail  and  with  knowledge  of  the  exact  course  and  dis- 
tribution of  the  main  nerve  trunks.     The  case  above  referred  to  was 
m  example  of  the  necessity  for  such  care.     By  eliciting  and  locating 
til  the  obscure  sensory  and  motor  symptoms  in  these  cases,  they 
often  gradually  assume  a  clear  and  distinct  type,  which  can  freciuently 
be  successfully  demonstrated  even  to  the  lay  mind. 

The  small  sciatic  nerve  may  be  involved  in  the  various  lesions  of 
the  sacral  plexus,  which  have  been  already  described  and  need  not  be 
repeated  here. 

The  symptoms  of  disease  or  injury  of  the  small  sciatic  nerve  are 
ansBBthesia  of  the  skin  covering  the  posterior  part  of  the  thigh,  the 
glutei  muscles,  the  perineum,  and  the  upper  and  back  part  of  the 
leg.  There  is  also  paralysis  of  the  gluteus  maximus  muscle,  and  this 
is  shown  esi>eciaUy  by  inability  or  impairment  of  the  x)ower  of  the 
patient  to  arise  from  a  sitting  position.  His  ability  to  stand  upright 
is  not  impaired. 

The  treatment  of  disease  or  injury  of  the  small  sciatic  nerve 
has  been  in  the  main  sufficiently  indicated  in  the  section  on  the 
sacral  plexus.  A  few  words  may  be  said,  however,  about  the 
medico-legal  traumatic  cases.  Patients  suffering  with  these  lesions 
often  require  great  tact  and  discrimination  in  their  management. 
There  is  nearly  always  present  a  subjective  or  hysterical  element  in 
snch  jmtients  which  may  seriously  complicate  the  diagnosis  and 
baffle  the  treatment.  Therefore,  while  fully  recognizing  the  fact  that 
the  patients  have  organic  lesions,  the  practitioner  should  in  every 
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instaBce  make  a  proper  use  of  meiit^il  or  suggeative  tbempeutics. 
The  aubjactivB  eleinent  iu  the^e  nisen  is  tio  doubt  intoosified  and 
maintained  Viy  a  pending  lawmiit.  C^^ntieqiieiitlT  a  guarded  prognoflis 
should  be  given,  with  reference  both  to  the  duration  of  thft  oaae  and 
to  the  ultimate  recovery,  so  long  as  the  lawsuit  ia  unsettled. 

Diseases  of  the  Great  Sciatic  Nerve. 

This,  the  hirgewt  nerve  in  the  body,  arineri  from  the  ai:iex,  am  if 
were,  formed  by  the  junction  of  iho  various  cords  of  the  sacral  plexoa. 
It  passes  out  of  the  pelvis  thrmigh  the  great  Baeroeciatie  foramdo 
beneath  the  lower  margin  of  the  jiyriformis  muscle.  OecaBion 
there  is  an  anomalous  higli  division  of  the  great  sciatic  nerre 
it  emeiiges  from  the  pelvic  cavity.  In  such  cases  one  bmtieh  or 
division  of  the  nerve  passes  directly  through  the  bod.v  of  the  pyri- 
formis  muHcle,  the  other  division  j)ur8uing  the  usual  course  lienealh 
the  margin  of  that  muscle.  In  emerging  from  the  i^lvia  the  iier?« 
is  loratod  alM)ut  nii^lway  iM^twe^n  the  tul^ertieity  of  the  isclitum  and 
the  trrKrhant^r  major  (rather  nearer  the  former),  where  it  ifl  eaailjr 
subject  to  pressure  and  palpation.  It  descenda  beneath  the  sttrfaoe 
of  the  back  part  of  the  thigh,  almost  in  the  median  line,  being  ooveted 
in  the  upper  part  (if  its  course  by  the  giut4=^us  maximus  muscle,  and, 
about  the  middle  of  the  thigh^  by  the  biceps.  Blxcept  in  the  anomalaaa 
cases  just  referred  to,  it  divides  at  the  lower  third  of  the  thigh  into 
its  two  main  branches,  the  external  and  the  internal  i»opliteid.  In  the 
anomalous  cases  in  which  this  division  occurs  within  the  |>elvis  the 
two  nerves  descend  side  by  side  in  the  thigh,  Tlie  great  sciiitic  uenn^^l 
is  lx>tli  sensory  and  motor.  In  the  thigli  l»efore  its  division  it  su|i«H 
plies  the  flexors  of  the  leg,  ue.,  the  biceps,  semitendinosus,  semimem* 
brant »HUS,  and  fulductor  magnus.  By  the  internal  poj^liteal  nerve  it 
snjjplies  the  sural  group  of  muHcles,  as  well  as  some  of  the  smaller 
muscles  of  the  foot.  By  the  external  jK>pliteal  or  peroneal  nerve  it 
supplies  the  tibialis  anticus,  extensor  longus  digitorum,  extensor 
[iroprius  pi>llicis,  i^roneus  longus,  and  peroneus  brevis.  The  gre^ii 
sciatic  nerve  supplies  sensory  filaments  to  the  outer  half  of  the  front 
of  the  leg,  tci  the  outer  low^er  part  of  the  Imek  of  the  leg,  the  domtim 
and  soh^  of  the  foot,  also  to  tho  little  toe  and  the  neighboring  half  of 
the  fourth  toe.  These  distributions  will  be  described  more  nunutely 
when  the  diseases  of  the  two  main  branches  of  tlie  nerve  are  dis- 
cussed. 

The  main  trunk  of  the  sciatic  n^ve  may  be  injured  by  presanre 
and  by  various  wounds.  It  may  also  be  involved  in  tumors  and  ma? 
be  the  seat  of  s|>eeial  inflammatory  or  irritative  lesions  which  pro" 
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dnoe  the  symptoms  of  the  well-known  disease  called  sciatica.     This 
disease  will  be  described  presently. 

Numerous  instances  are  on  record  of  injuries  and  wounds  of  the 
adatic  nerve.  Annequin*"  has  recorded  an  instance  of  section  of  the 
trunk  of  the  sciatic  nerve  at  its  point  of  emergence  from  the  pelvis. 
Bouilly'^  relates  a  case  of  contusion  of  this  nerve.  Charcot  has  also 
pat  on  recoixi  a  similar  case.  Park  **''  gives  an  instance  of  rupture  of 
the  sciatic  nerve.  Van  Buren*"  saw  a  case  of  wound  of  the  great 
sciatic  nerve,  which  caused  a  trophic  ulcer  in  the  sole  of  the  foot,  and 
Warren'*'  has  narrated  an  instance  of  gunshot  wound  of  the  thigh  in 
which  the  great  sciatic  nerve  was  implicated. 

The  details  of  these  cases  of  injury  to  the  sciatic  nerve  are  full  of 
interest  and  instruction,  from  both  the  physiological  and  the  therapeu- 
tic standpoints.   Banner'"  relates  a  case  of  injury  to  the  sciatic  nerve 
in  a  man,  caused  by  the  following  accident:    The  patient  fell  out  of  a 
window,  striking  upon  the  iron  spikes  of  a  fence  surrounding  an  area 
below.     He  received  two  punctured  wounds,  one  involving  the  anus 
and  the  other  on  the  back  of  the  thigh.     From  this  latter  wound  pro- 
truded filaments  of  the  sciatic  nerve.     The  principal  symptoms  were 
pain  and  anesthesia  in  the  course  and  distribution  of  the  sciatic 
nerve  and  spasmodic  twitching  of  some  of  the  muscles  supplied  by 
this  nerve.     The  whole  nerve  had  evidently  not  been  divided,  but  it 
bad  been  lacerated  and  part  of  it  had  been  partially  stripped  off  of 
tbe  main  trunk  and  was  protruding  from  the  wound.     The  spasmodic 
twitching  of  the  muscles  could  be  explained  by  the  fact  that  they  were 
still  in  connection  with  the  nerve,  the  fibres  of  which  were  irritated  by 
tbe  injury.  Recovery  in  this  case  was  almost  perfect.  Warren'"  reports 
tbe  case  cf  a  man  aged  eighteen  years  who,  at  the  battle  of  Williams- 
burg, in  the  American  Civil  War,  received  a  bullet  wound  midway  be- 
tween the  tuberosity  of  the  ischium  and  the  great  trochanter  of  the  left 
side.    He  suffered  but  little  pain  at  first,  but  in  a  few  days  great  pain 
began  in  the  sciatic  nerve.     The  limb  was  drawn  up  and  held  immo- 
bile, but  this  seems  to  have  been  partly  due  to  the  pain.     An  explora- 
ton-  operation  revealed  spicules  of  bone  pressing  against  and  irritat- 
ing the  great  sciatic  nerve.    The  case  is  imperfectly  reported,  as  details 
of  motor  and  sensory  symptoms  are  not  given ;  but  it  is  possible  that 
the  nerve  trunk  was  not  severed  but  only  wounded  by  the  bullet  or 
irritated  by  the  spicules  of  bone.     Park  '*"  relates  a  unique  case  of 
rapture  of  the  sciatic  nerve  in  a  boy  aged  thirteen   years.     The 
patient  had  had  an  excision  of  the  hip-joint  for  severe  coxitis.     The 
disease  had  recurred  and  progressed.     Extensive  sinuses  had  formed 
and  there  was  tuberculous  caries  of  the  ischium.  At  a  second  surgical 
operation  a  large  flap  of  the  buttock  was  raised,  thus  exposing  the 
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sciatie  ueive,  which  was  foimd  adherent  to  suiroundii:^  liaiiiai 
Wliile  the  surgeon  was  dissecting  the  nerve  away*  the  imiieDi  liii^ 
denl y  aroused  from  the  anaesthetic  and  gave  a  %^olent  wrench,  *?ciiiH 
pletely  mpturing  the  nerve.  The  ends  were  immediately  jainod  and 
sutured.  Complete  paralysie  of  motion  and  sensation  occmrrod  in 
the  scifitie  diHtril>ution»  Ijiit  i^rfect  recovery  followed  in  two  ve«kl* 
This  claim  of  entire  recovery  (jf  motion  and  sensation  in  two  weaka 
after  complete  rni4ure  of  the  sciatic  nerve  is  difficnlt  to  reconcilt 
with  what  we  know  of  the  anatomy  of  the  motor  and  sensory  ; 
and  of  the  slow  prtxjess  t>f  regenerati<in  that  must  neoeasarilj 
place  aft^r  the  axis  cylindern  have  been  divided.  Like  too  xomoy 
cases  of  injuries  to  nerves  reported  by  surgeons,  the  symiHoms  mre 
not  given  with  sufficient  det^iil  to  admit  of  a  strict  criticism.  In  Tan 
Bureu's  case*"  a  man  aged  twenty-two  had  received  a  wound  from  m 
small  swor<l  which  passed  entirely  through  the  right  thigh  .  *  -  f*r 

third  Liehind  the  femur.  Loss  of  sensation  in  the  skin  on  thi  ,  .  .-.a^ni 
side  of  the  leg  and  foot,  together  with  loss  of  jx^wer  of  motion  of  the 
foot  and  of  tlie  toes,  followed  the  injury.  These  svmptoms  continued 
at  the  expiratitm  of  two  years  when  the  patient  Wiis  observed.  In  th« 
secoml  year  after  the  accident  a  trophic  ulcer  api>eared  on  the  h^H*l, 
This  liegan  as  a  blister,  which  8t^>u  degenerated  inti  an  indolenl 
ulcer,  which  had  lasted  for  a  year.  It  was  about  two  inches  in 
diameter,  ext*nidiug  in  a  conical  form  down  to  the  os  culeis.  It 
healeil  under  aj^propriate  ti'eatment.  continued  for  two  months. 
Amie4|uin's  case""  was  briefly  as  follows:  A  man  aged  twenty -<>ne 
yearn  received  a  wound  from  a  stiletto  in  the  posterior  part  of  the  left 
thigh.  Severe  paiu  fc allowed,  and  eventually  there  was  WMlitig  of 
the  left  leg,  paralysis  of  the  ftx)t,  and  losa  of  the  power  of  flexicm  of 
the  leg  upK>n  the  tliigh.  There  wiis  ako  impairment  of  seimatioii. 
There  was  paralysis  of  the  liiceps,  of  the  aemitentlintisus  and  semi* 
membranosus  muscles,  of  the  movements  of  tlxe  foot  uikiu  the  l«g, 
as  well  as  of  the  different  parts  of  the  foot.  The  foot  dropped 
and  this  interfered  w  ith  the  gait.  Walking,  however,  was  possihlo. 
There  was  complete  antesthesia  in  the  distribution  of  the  great  sci- 
atic nerve.  The  mui^cles  were  ati*ophied  and  flm-cid  and  the  tempcom- 
ture  of  the  aflFocted  leg  was  less  than  that  of  its  fellow.  Faradic 
sensibility  was  diminished  in  the  flexor  muscles  already  named  in  tlie 
[K)8terior  part  of  the  thigh,  and  was  abolished  in  the  {peroneal  mud- 
cles,  in  the  extensors  of  the  toes,  in  the  tibialis  anticus,  and  in  Uut 
diverse  muscles  of  the  focjt.  This  case  is  related  in  great  detail  by 
Annerjuin  and  is  a  valuable  contribution  to  the  results  of  tnjary  of 
the  sciatic  nerve.  For  ijurposes  of  reference  it  is  by  far  the  moat 
valuable  c^ise  on  rec*  »rd.    Bouilly '  *'  obsen*ed  a  case  of  cjontusion  of  1 
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in  a  man,  aged  fiftr-five,  who  fell  while  asleep,  violently 
bruising  the  left  battoclL  There  was  neither  luxation  nor  fmoture. 
The  aocideni  was  fc^owed  by  paralysis  of  the  limb,  with  atn>i>hy  of 
the  miiadeB  <^  the  battoek,  of  the  thigh,  and  of  the  leg,  and  other 
symptoms  of  oemitis.  The  anthor  reviews  the  history-  of  other  cases 
oC  contnsian  of  the  battock,  and  ascribes  many  of  the  symptoms  of 
these  cases  to  a  lesion  of  the  sciatic  nerve.  He  l)elieves,  however, 
that  while  injuries  to  the  battock  are  not  rare,  contusion  in  these 
cases  of  the  sciatic  nerve  is  far  from  being  common.  This  pai^r  i>f 
Booilly  is  also  a  minute  statement  of  nerve  injuries  resulting  frt>m 
traumata  about  the  buttock,  and  is  a  valuable  contribution  to  Ix^th  tlie 
smgery  and  the  pathology  of  those  cases  in  which  the  sciatic  nen*e 
may  be  involved. 

The  sciatic  nerve  has  also  been  involved  in  tumors  such  as  sannv 
maia,  myxomata,  and  fibromata.      Coupland  aud  Balding*'"^  report 
the  case  of  a  man,  aged  thirty-four,  who  had  a  large  fibrosarcoma,  in- 
volving the  lower  six  inches  of  the  sciatic  nerve.-    The  patient  had 
bad  pain  in  the  leg  for  three  years;  for  one  year  he  bad  note<1  a 
gvelling  at  the  back  part  of  the  thigh,  a  short  distance  above  the 
Iiopliteal  space.     The  pain  had  been  so  severe  as  to  interfere  with 
his  work.     Coupland  excised  this  tumor.     At  the  o]ieratiou  it  was 
discovered  to  be  oblong  or  spindle  shaped,  four  to  five  inches  loug 
and  one  and  a  half  inches  in  width.     It  was  completely  eusheathetl 
in  the  sciatic  nerve,  and  in  order  to  remove  the  tumor  it  was  net*08- 
sary  to  divide  the  nerve  both  above  and  below  it.     Five  inches  of  the 
nerve  were  thus  exsected.     This  tumor  returned  after  the  oi)erati<>ii, 
and  a  secondary  growth  appeared  in  the  anterior  mediastinum,  and 
eventually  assumed  immense  proportions,  almost  completely  filling 
the  left  side  of  the  thorax.     The  tumor  was  a  fibrosarcoma,  evidently 
of  a  very  malignant  character. 

Camperon  and  Comil  ^"  reported  a  ease  of  tumor  of  the  sciatic 
nerve  in  a  man  aged  twenty-two.  Within  one  year  after  its  Hi)i>ear- 
ance  it  grew  rather  rapidly.  It  caused  no  pain  except  on  i)reHHure, 
and  no  distinct  motor  symptoms,  except  a  slight  aflFection  of  the 
Rait,  with  trailing  of  the  point  of  the  foot.  The  tumor  was  found 
to  1)6  incorporated  within  the  left  popliteal  nerve.  This  nerve  was 
profoundly  altered.  The  neoplasm  seems  to  have  infiltrated  the 
nerve,  and  to  have  been  a  fibromyxoma.  Cornil  made  a  minute  his- 
tological examination  of  this  growth.  The  new  tissue  grew  between 
the  nerve  fasciculi  comi)osing  the  nerve  trunk.  The  shenth  of 
Schwann  of  individual  nen^e  fibres  presented  a  j^roliferation  of  the 
nuclei.  Comil  says  that  the  intrafascicular  connective  tissue  had 
developed  in  a  morbid  way  and  constituted  the  growth.      It  was 
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not  therefore  a  true  neuroma— /.e,,  it  did  not  »priug  ffom  tho  oervo 
tisane  proper,  but  from  the  coimective  or  mesoblastic  timxie  of  tim 
uerve  trunk.  This  ob»er\er  Beems  to  think  that  it  wan  tmiqiie^ 
although  ^4th  our  present  knowledge  it  dotss  not  appear  lo  hmre  p»- 
Houted  any  extraordiuarv  histologieal  eharacteristiea.  It  was  remark* 
able»  however,  in  this  wLse  that  the  axiw  cyliudem  were  prefienred; 
and  thin  state  correHpondH  witli  the  clinical  fact  that  the  aetiaory  and 
motur  functions  were  liut  little,  if  at  all,  afftx^te<l. 

Page'"'  oliHerved  a  case  of  eyatie  tumor  of  the  sciatic  oenre  in  a 
man  aged  thirty-six  vears.  The  tumor  ha*!  l*een  of  ftiur  yesam'  dum- 
tion.  On  admiHsion  to  tlie  hospital  there  was  no  hiss  of  semtatinii.  Al 
the  oi>eration  the  tumor  was  foiiud  to  l)e  entirely  witbiu  the  mb- 
stance  of  the  great  sciatic  nerve,  the  siieath  i>f  the  nerve  constituting, 
as  it  were,  a  cat)sule.  In  this  case  there  had  been  some  difficulty  iu 
determining  whether  or  not  the  tumor  was  an  aneurysm  of  the 
femoral  artery ;  BHi>eoially  as,  iifter  puncturing  it,  distinct  pulaalioii 
hiul  been  f3lt.  The  tumor  was  a  sarcoma,  which  had  evidently  lUidAr* 
gone  cystic  degeuerati*in.  In  this  case  also  it  is  notewr>rthy  thai 
ni»  loss  of  ^lensation  was  observed.  This  would  seem  to  imUoate  tlial 
the  nerve  fibres  had  remained  intact.  De  *Schweinitai'**  reports  a 
case  from  Ashhurst's  clinic,  of  a  tumor  which  had  developed  on  tlia 
stump  of  an  amputated  thigh  in  connection  with  the  MciiUic  Dorte. 
It  w^as  a  tihroma  and  the  chief  symjitom  was  extreme  pain.  Efiluna 
relief  followed  excision,  wliich  was  i)erformed  by  Ashhurst. 

Tiffany*"  re|)ortH  a  ease  of  a  ship  car^ienter,  aged  sixty  yaani,  who 
ha^l,  scattered  over  his  body,  many  tumors  of  fibroma  moUuiiciim* 
These  liad  been  present  for  many  years.  The  fii«t  symptom  of  dJiK 
order  in  the  sciatic  nerve  wjis  dnx>|>ing  of  the  toe,  causing  a  temleiiojr 
to  trip,  and  followed  by  absohite  loss  of  power  in  the  foot  and  le^* 
without  pain.  Later  pain  ap [reared,  extending  downwards  from  ibe 
middle  of  the  thigh.  At  this  time,  also,  a  lump  was  notieetl  at  Uie  lisck 
of  the  thigh.  At  tirst  paroxysmab  the  pain  tended  gradually  to  be< 
come  persistent.  The  tumor  was  larger  than  a  closed  fist.  It  waa  faai- 
form  in  sha^je,  the  long  diamet4'ir  corresponding  to  the  direction  of  the 
sciatic  ner^'e.  It  was  treel>'  movable  from  side  to  side,  but  lesa  ao 
from  aliove  downw  ards,  and  any  position  that  tended  to  Btreteh  ttie 
sciatic  nerve  made  the  tumor  less  movable.  Pressure  upon  the  tumor 
caused  pain  in  the  w hole  trajectory  of  the  sciatic  ner^e.  The  elae- 
tric4il  reflections  were  altered  in  the  sural  and  |)eron6al  gr(iit{»  of 
muscles  and  in  the  anterior  tibial.  The  growth  was  found  an  remcnral 
to  be  an  encapsulated  tumor  of  the  sciatic  nerve,  entirelj*  uiiiooBaaelad 
with  surrounding  structures. 

Marchand  *"  also  reports  a  caae  of  cystic  sarcoma  of  the  soiaiie 
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nerre.  It  oocarred  in  a  man  aged  thirty-eight  years,  who  had  per- 
ceived for  five  years  a  swelling  situated  deeply  in  the  posterior  part 
of  the  left  thigh.  As  in  most  cases,  there  was  for  a  long  time  no 
spcmtaneoiis  pain,  bat  acute  'psiu  was  caused  by  any  accidental  >dolence 
to  the  tumor.  After  a  very  slow  course  of  three  years  the  patient 
began  to  have  some  more  active  symptoms.  Pain  then  began,  with 
distorbanoe  of  the  motor  functions.  Eventually  the  pain  became 
seveie  and  quite  interfered  with  progression.  This  tumor  is  de- 
scribed as  oval  in  shape,  as  in  most  other  cases  repoiied.  The 
sciatic  nerve  is  described  as  entering  it  at  its  superior  pole,  then 
separating  from  it,  forming  a  sort  of  plexus  of  the  nerve  fibres, 
occupying  the  semicircimiference  of  the  tumor  on  its  posterolateral 
aspect  The  nerve  then  became  restored,  as  it  were,  into  its  two 
siain  branches,  the  internal  and  external  popliteal,  just  below  the 
tomor. 

Other  cases  of  tumor  of  the  sciatic  nerve  are  on  record.  In  all 
the  growth  consists  of  proliferated  connective-tissue  elements,  con- 
stituting a  true  tumor,  usually  sarcomatous  in  type.  It  springs  en- 
tirely, as  a  rule,  from  within  the  nerve  sheath  and  eventually  forms 
a  large  oval  or  fusiform  tumor.  Through  the  new  tissue  the  nerve 
fibres  course,  and  in  some  instances  the  axis  cylinders  may  even  re- 
main intact.  This  accounts  for  the  fact  that  several  years  even  may 
elapse  before  active  symptoms  of  involvement  of  the  nerve  fibres  ap- 
l>ear.  These  tumors  cannot  be  enucleated  from  the  uerve  structure. 
They  present  the  appearance  of  an  infiltrating  mass  in  which  the 
nerve  fibres  are  hoi)elessly  incorporated. 

Allis  '"^  has  described  the  mechanism  of  injury  of  the  sciatic  nen^e 
in  dislocations  of  the  hip.  The  accident  occurs  especially  iu  dorsal 
loxation,  in  which  the  head  of  the  femur  may  pass  between  the  nerv^e 
and  the  tendon  of  the  outer  hamstring  or  biceps  muscle.  The  injury 
may  be  so  severe  as  to  cause  a  prolonged  neuritis,  with  x)artial  or 
complete  paralysis.  Quain  reported  a  case  iu  which  the  head  of  the 
femur  was  forced  beneath  the  obturator  intemus  muscle,  and  the 
great  sciatic  nerve  was  stretched  over  the  neck  of  the  bone. 

The  symptoms  caused  by  paralysis  of  the  great  sciatic  nerve  cannot 
be  better  shown  than  in  the  cases  already  cited,  in  which  a  x)ortion  of 
this  nerve  had  been  exsected  for  a  tumor  growing  within  its  sheath. 
In  Coupland*s  case,  already  referred  to,  a  segment  of  five  inches,  in- 
cluding the  morbid  growth,  was  removed.  The  region  of  the  excision 
was  a  few  inches  above  the  popliteal  space,  consequently  above  the 
division  of  the  nerve  into  its  two  main  branches.  The  condition  of 
the  limb  at  the  end  of  six  months  was  briefly  described  as  follows : 
The  knee  was  semiflexed,  but  movement  of  the  joint  was  preserved. 
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Tliere  wiLH  no  movement  at  tlie  ankle-joint,  the  fixjt  being 
and  toeHi  exteiidecl.  Tliere  was  miu'h  masfular  wasting  cif  the  leg,  uid 
walking,  whieli  wan  done  with  the  aid  of  crutches,  cauBetl  cedaBUl  of 
the  leg  and  lower  third  of  the  thigh.  SeuHihility  was  retaitifd  on  tlio 
front  of  the  leg  and  dorsum  of  the  toot,  but  was  abolished  on  the  hack  ot 
the  leg  and  ou  the  sole*  A  sltnigh  formed  upon  the  he<^l,  but  the  uWr 
cicatrized.  An  in*lurated  miiss,  srjmewhat  i>ainful,  fiersifited  in  tbe 
upper  part  of  the  cicatrix  at  the  proximal  end  of  tlie  divided  nerrs* 
The  preservation  of  sensation  in  this  cane,  alth(nigh  not  vorr  defi* 
nitely  mapped  out»  wiih  [>rubably  in  tlie  area  su[>plied  by  the  lOQ^ 
saphenous  nerve.  The  movement  of  the  knee-joint  was  preaerrad  in 
this  case  liecause  the  muscuhir  l>ranehes  of  the  sciatic  nerve,  whieli 
supply  the  flexors  of  the  leg,  «re  given  off  aVwivo  the  seat  of  tlie  oi>er- 
atiou*  In  Tiffany's  case'**  the  nerve  was  excised  just  alx>ve  ita  difi- 
sion  into  the  two  popliteal  brauche^^^  Two  and  a  half  months  afler 
the  opei'atit>n  there  was  absolute  paralysis  of  sensation  and  motion  as 
follows:  Antesthesia  was  complete  in  all  the  leg  below  tha  knao,  easr 
cei>t  in  the  area  supjilied  by  the  long  siix^li^i^*^^^*^  nerve»  which  ariiiea 
from  the  auterii>r  cruraL  In  walking  the  left  knee  was  kept  slightly 
beut»  the  fjuadrieej^s  extensor  muscle  being,  as  it  were,  overactive  in 
all  miwements,  Tlie  bending  of  the  knee  was  probably  done  to  pejv 
mit  this  muscle  or  group  of  muscles  to  gain  a  firmer  purchase.  Tha 
foot  dro|iped  and  whb  iierfectly  thiccid  from  the  ankle,  but  took  m 
proper  pfiHitiou  wlipu  helping  to  supy»ort  the  b*xly.  Tiffany  insisia 
uiir>n  the  fact  that  this  patient  relietl  largely  upon  and  was  guided  bjr 
the  quiulricf^ps  extensor  muscle.  He  thinks  tlntt  the  moscular  senaa 
of  these  anterior  thigh  muscles  comijensahHl  to  a  great  extent  ft>r  tlia 
I088  of  sensibility  below  the  knee.  In  Man-hand's  caa«,**'  in  which 
a  cystic  sarcoma  was  excised  with  a  portion  of  the  trunk  of  tha 
nen^e,  including  the  two  main  brancht^s  of  the  nerve  in  the 
liteal  space,  the  sj^mptoms  four  months  after  the  oiieraticm 
briefly  as  follows :  The  limb  was  tlie  seat  of  an  cii^lemA  somc'^whal 
similar  in  appe4iram*e  ti>  Hclerf>derma ;  nevertheless  the  cir 
did  not  seem  languid,  although  the  skin  had  a  slightly  redd 
hue.  AnsBstbesia  was  complete  in  the  pofiterior  and  extenml  m^ 
l^ects  of  the  leg.  The  skin  of  the  foot,  with  the  exc^i)tion  of  tha 
internal  border  and  of  the  great  toe,  was  likewise  amesthetio.  On 
the  internal  aspect  of  the  leg,  on  the  contrarr,  the  skin  had  pnw 
served  its  sensiVriHty,  This  preservation  of  sensibility  correapanded 
exactly  to  tlie  distriljution  of  the  internal  saphenoas  nerve, 
patient  wiis  able  to  walk,  even  e^isily.  The  extanaton  of  the  k^  ' 
performed  regularly,  Tlie  vault  of  the  instep  w;4s  nc»  longer 
taiued,  and  the  sural  musclar  were  completely  i^aralj'ssed.     The  fa 
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became  flat  each  time  that  it  supported  the  weight  of  the  body,  and 
at  the  aame  time  tamed  outwards  just  as  in  the  valgus  of  flatfoot, 
which  it  resembled  remarkably.  There  was  simultaneous  paralysis 
ol  the  peroneal  muscles,  the  sural  muscles,  the  anterior  and  posterior 
tibials,  and  the  extensors  and  flexors  of  the  toes.  This  paralysis  ac- 
coonts  for  the  effacement  of  the  plantar  arch  and  for  the  abduction 
of  the  foot.  Marchand  does  not  give  further  details,  but  evidently, 
from  the  muscles  paralyzed,  the  patient  had  lost  all  power  of  motion 
of  the  foot  and  toes. 

The  symptoms  just  enumerated  are  those,  of  course,  that  are 
caused  by  total  transverse  lesions  of  the  nerve  trunk.  Such  lesions 
of  the  sciatic  nerve  are  not  likely  to  occur  except  as  a  result  of  an 
excision  or  wound,  either  accidental  or  surgical.  Inflammation  of  the 
Kiatic  nerve  does  not  usually  act  as  a  total  transverse  lesion,  although 
it  is  conceivable  that  it  might  do  so  if  of  a  very  high  grade  and  far 
advanced.  Compression  of  the  nerve  trunk  has  been  reported  as 
caused  by  the  i>atient  sitting  upon  the  hard  edge  of  a  chair  or  stool, 
bat  in  these  instances  the  lesion  is  not  transverse  and  complete.  In 
ordinary  forms  of  inflammation  or  irritation  of  the  sciatic  nerve  the 
gjmptoms  are  those  of  the  disease  commonly  known  as  sciatica,  which 
will  now  be  described. 

Sciatica. 

Etiology. — Syphilis  as  a  cause  of  sciatica  has  been  recognized  by 
the  ablest  observers  of  this  disease.  Ludovic  Dubois*"  has  given  a 
foD  rhnmi  of  this  subject  in  his  very,  able  thesis.  The  older  observ- 
ers, while  recognizing  various  neuralgic  affections  due  to  syphilis,  do 
not  make  special  mention,  as  a  rule,  of  sciatica.  Gros  and  Laneereaux, 
Zambaco,  and  Lagneau,  in  their  observations  on  nerve  syphilis  admit 
the  existence  of  syphilitic  sciatica.  They  claim  that  the  symptoms  of 
pain  in  the  sciatic  nerve  may  even  exist  without  gross  syphilitic 
lesions  causing  compression.  Dubois  also  admits  the  existence  of 
BvphiUtic  sciatica  as  the  so-called  essential  neuralgia  due  to  the  syph- 
ilitic diathesis.  Sometimes,  however,  these  pains  are  the  symptoms 
o(  compression,  and  sometimes  they  may  be  caused  by  the  presence 
in  the  interior  of  the  nerve  of  nodules,  which  are  in  reality  gwnmata. 
Dubois'  general  conclusions  are  as  follows : 

Sciatica  due  to  syphilis  is  more  frequent  than  is  supposed.  It 
manifests  itself  at  diverse  x)eriods  of  the  evolution  of  the  disease, 
and  arises  from  various  causes.  In  the  period  of  secondary  ac- 
tivity it  is  probably  due  to  a  virulent  subacute  neuritis,  which  can 
be  compared  to  the  sciatica  caused  by  various  other  infections,  as 
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bj  purulent  infoctiou,  ami  by  the  poiaon  of  typhoid  tever.  Ho 
claims  that  syphilitic  sciatica  xireucuts  Bymptoms  80  chitnicieriifrtic  M 
to  permit  it  to  be  dlBtinguished  clearly  from  any  other  kind  of 
sciatica.  These  sjiuptcjms  are  very  acute— cuntiuucHl  pains  with 
nocturnal  exacerbations,  with  trophic  le&ious  and  muscular  ain>> 
phy,  a8at>ciated  with  other  secondary  symptoms  of  syphilis.  In  the 
l>eriotI  of  tertiary  activity  the  sc^iatic-a  is  caused  by  extjetoeee  or 
gummata,  which  ctjiii  press  the  nerve,  or  possibly  by  ipiuuuata  which 
develoiM?d  in  tho  intcrit>r  of  the  nerve  trunk.  Finally,  syphilitic  sci- 
atica is  always  amenable  to  s[>ecific  treatment,  approjiriatu  to  Urn 
l>eri(Hl  during  which  it  develoi»s.  In  this  connection  it  is  importftiit 
to  call  attention  t4}  the  necessity  of  ilistingiiishinK  true  sciatioA  iif 
syphilitic  ori^;in  frum  the  fulgurunt  jmins  of  pf.isterior  sclerosis  of  Ifaa 
spinal  cord  due  to  syphilis.  In  the  latter  instance  Uie  imios 
bilateral,  and  are  assmijited  with  other  symptoms  of  locomi 
ataxia,  es|M3ciaiIy  alK)lished  kneo  jerks,  incoordination,  anil  optic 
atrophy. 

Sciatica  is  no  doubt  ass<x*iated  in  some  cases  with  the  rheqinitio 
and  ^couty  diathesis.  In  very  many  instancei^,  however,  these  oousti- 
tutional  states  can  only  l>e  susi>ected.  In  the  vast  majority  of  thaoQ 
cases  patients  siifferini^  i^ith  sciatica  do  not  present  marked  sym|>> 
toms  either  of  cooHtitutional  gout  or  of  rheumatism.  It  seems,  in- 
deed, that  the  tendency  to  ascribe  inflammation  of  tJie  sciatic  ner%e 
to  either  gout  or  rheumatism  arises  from  the  difficulty  or  inability  Q^m 
the  oliserver  t*)  attribute  it  to  any  other  cause.  Certainly  y^ry  maig^^ 
eases  of  so-called  idiopathic  sciatica,  in  which  a  gouty  or  rheumatio 
diathesis  is  suspected,  du  not  res[iond  to  appropriate  oonstitutioDAl 
treatment  for  these  diseases. 

The  iniluence  of  exiwisure  to  cold  as  a  cause  of  sciatica  cannot  Ite 
denied.  This,  I  think,  is  true  in  cases  especially  of  {lersons  whode 
general  health  is  in  any  way  impaired.  Thus  men  who  are  undisrfed 
and  overworketl  and  who  are  then  exposed  to  cold,  especially  in  aaso- 
ciatirm  with  dampness,  are  liable  to  these  attacks.  Exoesaive  nse  of 
alcohol  is  pi'tilMilily  a  predisposing  fiictor  in  such  cases.  Finally^  it 
cannot  be  denied  that  many  cases  of  sciatica  occur  in  which  the  <»itl* 
atiun  is  altogether  oliscnre.  I  have  known  it  to  occur  in  a  perfectly 
healthy  woman»  in  whom  no  satisfactory  cause  could  lie  traced.  In 
another  inHtance,  a  physician  in  the  prime  of  life,  apparently  in  per^ 
feet  health,  be(*arae  a  martyr  to  sciatica  for  two  years.  The  only 
cause  that  wtvs  Kns|>ect*^d  was  rather  high  living  with  a  somewhat  too 
free  indulgence  in  alcohoL  No  symptoms  attributable  to  goat  were 
obeerved. 

Malaria  1ms  been  sapix)sed  by  some,  in  the  abaenoei  boweverp  ui 
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very  conclusive  evidence,  to  be  a  cause  of  sciatica.  Such  cases,  how- 
ever, do  not  yield,  as  a  rule,  to  treatment  by  quinine. 

Lead  and  the  other  metallic  x>oisons  have  not  been  satisfactorily 
shown  to  be  causes  of  sciatica. 

Symptoms. — The  chief  symptom  is  pain  coming  on  either  abrupt- 
ly or  gradually  with  mild  paroxysms.  Occasionally  it  is  noted  in  the 
beginning  only  when  the  patient  makes  some  unusual  motion  or  effort. 
Thus  in  one  case  of  which  I  have  knowledge,  the  patient  for  some 
weeks  had  noticed  a  sharp  pain  in  the  calf  of  the  leg  on  sneezing. 
This  was  the  beginning  of  a  most  painful  and  obstinate  attack  of 
sciatica.  In  other  cases  the  patient  feels  these  initial  pains  on 
suddenly  rising,  or  bending  the  leg,  or  esi)ecially  on  forcibly  bend- 
ing the  thigh  or  throwing  the  thigh  muscles  into  rigid  action,  as  on 
attempting  to  lift  a  weight.  This  fact  often  leads  the  patient  to 
regard  some  particular  movement  or  effort  as  the  cause  of  the  dis- 
order; and  this,  I  am  sure,  is  often  if  not  always  an  error.  The  pain 
nnder  these  circumstances  is  merely  an  indication  that  the  nerve 
tronk  is  the  seat  of  a  beginning  inflammation,  and  the  pain  is  excited 
by  the  sudden  violent  action  of  the  muscles  which  either  extend  or  press 
upon  the  nerve  trunk.  Thus  a  forcible  action  of  the  pyriformis  muscle 
might  very  readily  cause  sufficient  pressure  to  excite  pain  in  a  hyper- 
sensitive nerve,  whereas  a  healthy  nerve  would  be  entirely  insensible 
to  this  action.  In  the  early  stages  of  the  disease  the  pain  is  usually 
paroxysmal.  Not  infrequently,  however,  it  is  insidious,  more  or  less 
constant,  of  a  dull  aching  character,  and  prevents  the  patient  from 
keeping  the  leg  in  a  comfortable  position.  As  the  disease  advances 
the  pain  becomes  much  more  severe,  and  may  be  of  a  sharp,  tearing, 
or  lancinating  character,  especially  intense  on  movement.  Coughing 
and  sneezing  usually  aggravate  it,  and  in  some  instances  these  actions 
are  much  dreaded  by  the  patient.  The  pain  of  sciatica  is  usually  felt 
along  the  whole  course  of  the  nerve,  extending  even  into  the  foot 
and  toes.  There  are  certain  points,  however,  which  are  especially 
sensitive.  These  are  at  the  exit  of  the  nerve  from  the  pelvis,  in  the 
|K)pliteal  space,  at  the  head  of  the  fibula,  in  the  calf,  and  occasionally 
on  the  back  of  the  foot.  The  trunk  of  the  nerve  is  usually  exciuisitely 
sensitive  on  pressure.  This  furnishes  an  important  aid  to  diagnosis. 
Thus  firm  pressure  on  the  nerve  trunk  where  it  emerges  from  the 
pelvis,  midway  between  the  tuberosity  of  the  ischium  and  the  great 
trochanter,  seldom  fails  to  make  the  patient  wince  and  to  cause  him 
to  utter  an  exclamation  of  pain.  The  whole  trunk  of  the  nerve  in  its 
course  down  the  back  of  the  thigh  may  likewise  be  painful  on  pres- 
sure. In  the  popliteal  space  both  popliteal  branches  may  also  be 
hypersensitive. 
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In  addition  to  pain,  other  aflFeetions  of  Bensatlori  may  be  pn 
TI16  i>atient  may  have  tingling  or  burning  senaationSj  especiaDyl 
areas  where  the  terminal  Bensory  filaments  are  distributed, 
thesia  m  not  common,  although  it  is  not  unobserred.     It 
r6( quires  careful  tests  for  its  determination^     With  these  t-^*-^ 
areas  of  distinct  anaesthesia,  or  esi>eciallv  of  retardation  of 
may  be  detected  l)elow  the  knee. 

As  so  often  happens  in  inflammation  or  irritation  of  nerve  1 
the  motor  fibres  are  not  nearly  so  seriously  involved  as  the  sen 
Distinct  paralysis  of  the  muscles  supplied  by  tlie  3€iatic  nerve  i 
usually  observed  in  sciatica.     Impaired  or  inhibited  moveraeni^ 
to  pain  m  not  imcommon,  but  this  should  not  be  mistaken  for  at 
paralysis.     In  cases  of  long  standing,  however,  the  musclea  of  i 
calf  and  leg  may  become  somewhat  flabby.     This  is  probably  as  mn 
from  misuse  as  from  any  real  degenerative  action  in  the  mu 
fibres.     Ee*ictions  of  degeueration  are  not  obser^'eti,  as  a  rule,  in  f 
atiea.     This  is  ace t>r ding  to  my  own  observations  and  the  reported 
others,  but  of  coui'se  I  would  not  den^-  the  possibility  of  imp 
eleetrit*al  reaction  in  cases  of  far  advanced  sciatica  in  which  thei 
fibres  of  the  nerves  might  become  impaired.     Trophic  lesions  arei 
often  seen  in  sciatica;  at  least  I  have  not  observed  them  nor  < 
reports  of  them,     Gowers  says  that  herpes  may  ooeur,  but  he  gives n 
instance. 

The  (litmiiitn  of  sciatica  varies  greatly.     It  is  only  too  apt  to  be  I 
most  obstinate  ailVctiou.     Cases  extending  over  two  years  are  not  i 
heard  of.     Ki^apses  may  occur^  and  thus  the  duration  of  the  caaei 
Ih>  much  protructtnL     In  many  severe  cases,  after  improvement  1 
thi*i\^  is  a  long  term  of  mild  chronicity.     The  patient,  w^hile  reUe 
of  intense  pain  and  severe  paroxysms,  is  still  conscious  of  more  1 
less  soreness  and  tenderue.ss  in  tlie  ner\'e  trunk.     While  this 
tion  lasts  rt^apses  are  to  V>e  feai^etl.     On  the  other  hand,  some  1 
cases  may  List  only  a  few  weeks,  although  in  my  observation  sn 
mild  cases  jire  extremely  rare. 

l^he  iHifhi>it**jtj  and  morbid  anatomy  of  sciatica  have  been  snhjecb 
t»f  much  dispute.  Luria,'**  who  has  reviewed  the  history  of  this 
disivise  from  the  time  i*f  Galen,  shows  what  an  obscure  idea»  or  mthfr 
what  prwfvHuid  ignomnce,  lias  characterized  the  writings 
authors  iUi  this  subjivt.  The  opinion  of  Galen  that  scia 
a  s|H:vii^s  i*f  gtnii  and  has  for  its  cause  a  superabundax*'^ 
hum^^r  in  tlie  bUnnl  and  articulations,  and  that  this  huB 
tho  uerve  sluv)ths«  thus  causing  i^ain,  was  followed  for 
turie«^  by  variiuis  writt*rs*  Yet  some  of  these  ideas  of 
pathologists*  are  straugely  iu  a^vonl  with  those  towards 
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speculation  and  observation  are  tending.  Thus  Cotogno,  who  accord- 
ing to  Lnria  was  the  first  to  give  a  good  description  of  sciatica,  wrote 
that  it  was  the  dex)osit  of  a  large  amount  of  irritating  matter  in  the 
sheaths  of  the  sciatic  nerve  that  occasioned  sciatica.  This  irritating 
matter  can  cause  an  inflammation  of  the  sheath,  and  it  is  in  this 
way  that  the  most  x>Aiiiful  forms  of  sciatica  are  caused.  Descot,"' 
who  wrote  in  1825,  had  distinct  ideas  on  the  subject  of  sciatica. 
He  wrote  that  neuralgia,  at  least  in  most  cases,  was  only  an  intermit- 
tent or  remittent  neuritis.  Valleix,  however,  in  1841,  claimed  that 
anatomical  researches  had  not  enlightened  us  upon  the  nature  of 
sciatica,  and  he  concluded  that  it  was  demonstrated  that  sciatic  neu- 
ralgia, just  as  other  forms  of  neuralgia,  is  due  to  a  state  of  the  nerve 
which  cannot  be  discovered  by  the  scalpel,  and  which  is  only  mani- 
fested by  a  "lesion  of  the  functions."  This  extraordinary  opinion 
seems  to  have  been  followed  by  many  subsequent  writers,  so  that  it 
has  become  rather  the  custom  to  regard  sciatica  and  neuralgic  affec- 
tions of  other  nerves  as,  in  many  instances,  due  to  some  quite  incom- 
prehensible alteration  of  functions  without  a  definite  anatomical  basis. 
Thus  Marchesseux  in  a  thesis  denied  the  inflammation  of  the  nerve 
in  sciatica.  Handfield-Jones,  in  1864,  taught  that  sciatica,  except  of 
recent  rheumatic  origin,  was  not  inflammatory,  but  that  it  was  allied 
habitually  to  a  feeble  state  of  health.  Thus  opinions  varied  as  to 
the  true  underlying  process  in  sciatica.  The  clinicians,  such  as 
Lasegue,  Trousseau,  Landouzy,  and  others,  were  apparently  reluctant 
to  admit  a  gross  organic  lesion  as  the  basis  for  sciatica.  Thus  the 
disease  continued  for  a  long  time,  especially  in  France,  to  be 
regarded  as  a  "neurosis,"  i.e.,  a  disease  without  a  recognized 
pathology.  The  history  of  the  course  of  opinion  upon  the  sub- 
ject of  sciatica  is  given  in  detail  in  Luria's  thesis.'*"  In  1878, 
however,  Fumet'"  published  the  results  of  his  researches  upon 
sciatica,  and  expressed  his  opinion  that  this  disease  is  due  in  the 
greatest  number  of  cases  to  a  neuritis.  He  published  one  of  the 
earliest  reports  of  an  autopsy  in  sciatica.  In  this  case  the  patient 
had  died  of  acute  tuberculosis  of  extremely  rapid  course.  He  had 
been  suffering  with  sciatica.  At  the  autopsy  there  was  foimd  an 
inflammation  of  the  sciatic  nerve.  Fumet  cites  from  other  observers 
proof  that  the  nerve  and  its  popliteal  branches  were  more  voluminous 
than  normal  and  that  the  vessels  were  dilated  and  distended.  Mar- 
tinet, quoted  by  Luria,  reported  an  autopsy  in  the  case  of  a  njan  who 
had  suffered  with  sciatica  of  the  right  leg  during  the  last  five  days 
of  his  life.  Sound  at  its  origin,  the  sciatic  nerve  became  reddened  at 
its  point  of  emergence  from  the  pelvis,  and  pus  was  disseminated  be- 
tween the  nerve  fasciculi.     In  still  another  case  this  observer  found 
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the  Bciatic  nerve  reddened  iii  color  from  an  exiravaHatiou  of  blood 
between  its  faBciculi*  In  a  man  who,  after  a  forced  march,  was  seized 
with  very  severe  pains  in  the  posterior  juirt  of  lioth  thighs  ahmg  the 
course  of  the  sciatic  nen-es,  Martinet  f<»nnd  tlie  nerves  notably  hy- 
pertrnphif^d,  hard,  injected  with  blood,  and  presenting  an  inJUtratiuo 
of  hlofKly  sprnm  between  their  fasciculi. 

Gendrin,  also  quoted  1>y  Luria,  observeil  in  many  subjeets  who 
hful  presented  during  life  tlie  symptoms  of  sciatic  neunilgia,  A  red 
or  violaceous  c(»lor  and  a  vascular  injection  of  the*  nciatic  nervey  witli 
small  clots  of  bliKxl  distributed  in  its  interior,  and  hypertrophy  of 
the  nerve,  and  its  degeneration  into  a  soft  or  spongy  material. 

I  can  ikld  to  these  reccirds  an  olmerv^atiou  of  my  own  in  the  Pfaihi* 
delphia  Hospital  In  this  case  a  man,  suffering  with  a  severe  form 
of  sciatica,  died  idter  a  short  illness  from  some  intercurrent  {mlmo- 
nary  affectidu.  At  the  autopsy  the  Bciatic  nerve  was  found  swollen, 
engorged,  and  distendeil  with  a  l*I<HMly  serum,  its  slieatli  tliiekened, 
and  its  fibres  macerating,  as  it  were,  in  the  products  of  inilammation. 

From  theHe  oli^en-ations,  which  might  I30  supplemented  by  others 
taken  from  the  liti^rature  of  this  affection,  there  can  lie  no  doubt  that 
sciatica,  at  least  in  its  severe  forms,  is  only  another  name  for  neuri- 
tis; and  yet  the  disease  presents  some  problems  from  this  iKunt  of 
view  that  are  not  altogether  simple.  For  instance,  the  chief  and 
often  the  only  symptom  in  sciatica  is  due  to  irritation*  This  is  {lain. 
Paralysis  or  al>oljtion  of  function  of  either  tlie  sensorj  or  motor 
neurons  is  but  rarely  oliserveil.  There  may  Ije  at  times  io  soma 
oases,  it  is  true,  some  areas  of  an^Dsthei^ia,  showing  that  the  axis 
cylinders  of  the  sensory  neurons  have  lost  the  power  of  transmittiiig 
impressions.  Paralysis  of  tlie  motor  neurons,  however,  is  uol  often 
if  ever  observed.  The  inference  to  be  drawn  from  these  facta 
to  l^e  that  some  in-itant,  just  as  was  taught  l»y  the  old  humoral  pati 
ologists,  is  circulating  within  the  nerve  sheath,  and  that  this  ir 
tant,  while  sufficient  to  excite  an  extremely  painful  reaction  in 
sensory  neurons,  is  nnt  in  the  vast  majority  of  cases  suflBciently  vir 
lent  to  destroy  the  axis  cylinder  in  its  continuity  or  even  to  vitallj 
impair  its  conducting  power.  This,  we  know,  may  occur  in  son 
other  nerve  trunks  as  well  as  in  tlie  sciatic.  It  is  not,  however,  the' 
rule  in  any  instance  in  which  a  high  grade  of  inflammation  is  present 
in  a  nerve.  Thus  in  the  neuritis  due  to  alcohol,  while  pain  is  oftea  a 
common  and  early  symptom,  it  is  soon  associated  with  loss  of 
cular  power  and  with  various  degrees  of  anirsthesia.  Tlje  expl 
tion  of  this  difference  may  possibly  be  found  in  the  fact  that  in  ftic 
holic  multi]>le  neuritis  the  seat  of  inflammation  is  farther  towards  the  ' 
peripheral  nerve  endings;  whereas  in  sciatica  the  inflammation  is  in 
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the  main  nerve  trunk.     In  the  former  case  the  axis  cylinders  are 
probably  more  exposed  to  destructive  and  degenerative  processes  for 
two  reasons:   first,  because  they  are  not  so  well  protected  in  the 
sheaths  of   the  nerves;    and  second,   because  in   these  situations 
they  are  farther  removed  from  their  trophic  centres— i.e.,  the  cell 
bodies  of  the  neurons— either  in  the  anterior  cornua  of  the  gray 
matter  of  the  spinal  cord  or  in  the  ganglion  on  the  posterior  root. 
A  third  reason  may  possibly  be  found  in  the  fact  that  the  capillary 
circulation  is  probably  richer  and  is  certainly  spread  out  over  a 
wider  area  in  the  periphery.     Thus  the  delicate  terminal  arborizations 
of  the  neurons  are  more  exposed  to  a  completely  destructive  proc- 
ess, caused  by  the  circulation  of  a  poison  in  the  blood,  than  are  the 
main  trunks  of  the  axis  cylinders  high  up  within  the  nerve  sheath. 
Whatever  may  be  the  explanation,  the  facts  are  as  stated,  and  we 
must  conclude  that  a  high  degree  of  inflammation  may  exist  in  the 
trank  of  the  sciatic  nerve  without  producing  marked  symptoms  of 
preesure  upon,  and  much  less  of  destruction  of,  the  axis  cylinders. 

The  seat  of  this  active  inflammation  in  sciatica  is  usually  in  the 
main  nerve  trunk,  probably  beginning  about  at  the  point  of  its  exit 
from  the  pelvis.     This  was  shown  in  one  of  Martinet's  cases  quoted 
above.     The  nerve  was  sound  at  its  origin,  but  became  inflamed  as  it 
emerged  from  the  pelvic  cavity.     From  this  point  the  inflammation 
usually  extends  downwards,  and  may  extend  with  diminishing  viru- 
lence even  into  the  trunks  of  the  two  main  branches  of  the  nerve  in 
the  popliteal  space.     This  was  practically  so  also  in  my  own  case, 
above  referred  to.     The  appearance  of  the  nerve,  as  already  indi- 
cated, is  that  of  a  neuritis,  not  only  involving  the  nerve  sheath  but 
also  the  interstitial  tissue.     Extravasation  of  serum  and  blood  between 
the  fasciculi  has  been  observed  in  most  reported  cases.     The  nerve 
trunk  itself  is  markedly  altered  in  appearance.     It  is  usually  swollen, 
reddened  or  purplish  in  appearance,  and  in  recent  cases  rather  soft 
to  the  touch ;  in  long-standing  cases  the  neiTe  sheath  may  be  thick- 
ened, and  the  nerve  then  gives  the  impression  of  increased  hardness 
to  the  touch.     Gowers  claims  that  the  changes  chiefly  involve  the 
nerve  sheath.     If  this  is  so,  it  is  an  additional  reason  for  the  com- 
parative exemption  of  the  motor  and  sensory  neurons  from  destruc- 
tion and  even  from  pressure.     From  the  reports  of  observed  cases, 
however,  it  by  no  means  appears  that  this  is  always  the  case,  because 
the  interstitial  tissues  seem  to  be  the  seat  also  of  the  morbid  process, 
and  the  extravasation  of  blood  and  serum  undoubtedly  occurs  between 
the  fasciculi  of  the  nerves.     Some  observers  have  reported  the  pres- 
ence of  pus  within  the  nerve  sheath.     The  minute   microscopical 
appearances  of  the  nerve  fibres  have  not  been  reported  in  most 
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observed  eases  with  which  I  am  familiar  with  sufficieDt  exactnaas  to 
admit  of  coDcluBioiis.  As  said  already,  however,  it  Beema  aluiciat 
certain  from  clinical  data  that  in  the  vast  majority  of  cases  few  if  aoy 
of  the  axis  cylintlerH  are  dodtroyed.  In  cajsee  of  complete  divtfliuii 
of  the  sciatic  cene,  such  as  have  been  referred  to  already  in  thia 
j>ai:)er»  the  process  of  degeneration  and  repair  undoubtedly  i>roceecl 
just  as  has  been  described  in  the  section  on  the  general  imthology  of 
nerves  (see  page  42).  Park's  case/**  in  which  complete  rupture  of 
the  sciatic  nerve  wtui  folkmed,  after  suturing  the  ner^e  ends,  by  eom- 
plete  restoration  uf  motor  and  sensory  functions  within  two  weeks, 
must  be  accepted  with  great  reservation.  We  know  already  from 
Stroebe'fl  researches  that  the  process  of  regeneration  in  divided  nemm 
is  extremely  slow.  It  is  inconceivable  that  the  dirided  axis  cyUnderi 
can  reunite  so  promptly  and  so  accurately,  each  end  to  its  appropri- 
ate fragment  in  the  distal  portion  of  the  dirided  uene,  that  complete 
restoration  can  occur  in  such  an  incrcilibly  short  sfiace  of  time  as  two 
weeks. 

The  Juiffumk  of  sciatica  is,  a^  a  rule,  not  difficult.  Tlie  peculiar 
onset  of  the  disease ;  the  characteristic  pain  along  the  course  of  the 
ner\e;  the  sensitiveness  on  ijressure  of  the  nerve  trunk;  the  usual  ex- 
emption from  paralynis  of  the  motor  and  sensory  fibres — all  indicate 
very  clearly  the  nature  of  the  aflfection.  There  are  some  affeetiaiifit 
however,  that  may  very  readily  be  mistaken  for  sciatica.  The  chief 
of  these  are  various  organic  lesious  within  the  pelvis.  These  hmre 
already  been  clearly  indicated  in  the  section  on  diseases  of  the  sacial 
[  plexus.     To  recajiitulate   very   briefly,    I    may   mention   especiAllj 

abscesses  within  tbe  i>elris,  diseases  of  the  uterus  and  its  ap(>ezH 
dages^  large  faecal  accumulations,  and  malignant  growths  of  the  rec- 
tum* Al)scass  within  the  pelvis,  es|>ecially  when  x>^inting  at  the 
great  sacrosciatie  foramen,  has  simuhit^ul  the  pain  of  sciatica.  In 
such  a  case  thorough  exploration  of  the  i>elvis,  and  especially  the  de- 
tection of  diseased  bone,  either  of  the  vertebral  column  or  of  the 
pelvis,  and  a  study  of  the  temiierature  range,  will  usually  de 
the  true  nature  of  the  disease.  InHammatory  affections  of  the  ut 
and  of  the  periuterine  connective  tissue,  especially  following  the  puer^ 
perium,  can  usually  be  determined  by  the  history  of  tbe  case  and  by  a 
thorough  exploration  of  the  pelvis.  In  my  own  case  of  small  ovarian 
cyst  causing  pressure  on  the  sacral  nerves,  an  examination  per  vaginam 
at  once  cleared  up  the  diagnosis.  In  such  cases  the  pain  is  usually 
not  limited  to  the  course  of  the  sciatic  nei-ve,  but  radiates  about  the 
groin  and  buttock  and  even  towards  the  hip.  Disease  of  the  rec- 
tum can  be  determined,  of  course,  only  by  a  careful  exploration  of  the 
part.     Obscure  cases  with  sciatic  symptoms,  especially  in  womt^n. 
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iie  never  properly  stadied  without  a  x>^lyic,  and  in  particular  a 
rectal,  examination.  This  point  cannot  be  too  strongly  emphasized. 
Hip-joint  disease  or  rheumatism  about  the  coxic  articulation  would 
not  likely  be  mistaken  for  sciatica.  An  examination  of  this  joint 
by  the  methods  well  recognized  by  orthopedists  should  establish  the 
diagnosis.  Appendicitis  may  cause  obscure  symptoms,  especially 
pain  deep  in  the  x)elvis,  but  this  pain  does  not,  as  a  rule,  follow  the 
oonrse  of  the  sciatic  nerve.  Exact  physical  exploration  in  these 
cases  seldom  fails  to  determine  induration  and  sensitiveness  in  the 
region  of  the  appendix. 

The  treatment  of  sciatica  requires,  as  a  rule,  great  patience,  tact, 
and  discrimination.  This  disease  has  baffled  the  skill  of  therapeu- 
tists for  many  generations,  and  the  history  of  its  treatment  is  one  of 
the  most  interesting  in  clinical  medicine.  It  has  always  been  a  dis- 
ease which  has  invited  and  received  heroic  treatment,  and  some  of 
this  treatment  has  stood  the  test  literally  of  ages.  Although  founded 
npon  empiricism  and  a  complete  ignorance  of  the  true  pathology  of 
the  disease,  much  of  the  old-time  treatment  for  sciatica  was  admirably 
adapted  to  the  exigencies  of  such  a  deep-seated  organic  affection.  It 
cannot  be  said,  indeed,  that  in  modern  times  we  have  advanced  very 
far  beyond  the  older  therax>eutist8,  and  it  is  even  possible  that  we 
may  never  be  able  to  advance  beyond  some  of  the  wise  and  efficient 
plans  of  treatment  which  they  advocated.  As,  however,  all  rational 
or  scientific  therapeutics  is  founded  upon  an  accurate  knowledge  of 
the  conditions  to  be  treated — i.e.,  the  pathology  of  the  affection — it 
Btiay  be  that,  when  we  come  to  recognize  more  fully  the  inflamma- 
tory nature  of  sciatica,  we  may  treat  it  more  radically  by  surgical 
procedures. 

It  must  be  said,  in  the  beginning  of  a  discussion  of  this  subject, 
that  there  is  no  panacea  for  sciatica  or  no  one  plan  of  treatment  that 
is  adapted  to  all  cases.  I  shall  attempt  to  give  some  of  the  results  of 
my  own  observations,  as  well  as  to  review  briefly  the  subject  from 
the  standpoint  of  the  accumulated  experiences  of  others. 

Among  the  methods  historically  noteworthy,  acupuncture  may 
take  the  first  place.  This  plan  of  treatment  is  very  ancient,  and, 
according  to  common  report,  has  been  used  by  the  Chinese  for  sciatica 
from  time  immemorial.  They  employed  for  this  practice  very  fine 
gold  or  silver  needles,  made  with  a  small  handle  so  as  to  be  able  to 
imi>art  to  the  instrument  a  rotary  movement.  According  to  Luria, 
the  method  of  the  Chinese  is  to  sink  the  needle  almost  up  to  the  seat 
of  pain,  observing  care  not  to  prick  the  nerve  itself.  This,  however, 
is  not  the  idea  which  I  have  always  entertained  of  the  Chinese  method 
of  acupuncture.     I  have  supposed  that  the  object  of  this  method  was 


846 


Il^YB — CEREBBOSPINAL  AND  BYMPATHETIO 


to  penetrata  tlie  Bene  slieatL,  and  I  heve  supposed  tJiat  its  sAoM^ 
cleiiendeJ  ujmB  the  fact  that,  although  the  punctures  mast  be  Tory 
minate,  they  stiU  were  eflScacious  fur  draiuini^  away  some  of  tJio  fluid 
prtKluots  of  infiaiumation.  Cloijuet  presented  to  the  French  Adulomr 
of  Sciences,  in  1824,  a  memoir  of  the  results  obtained  by  him  ia  a 
great  numlier  of  |>atients.  His  corxclusions,  quoted  by  Luria,  are  aa 
follows:  First,  tlmt  acupuncture  acts  generally  ujKin  tlie  pains,  wlmt- 
ever  may  be  their  underlying  causes;  second,  tlmt  some  of  lbefl« 
pains  disapi>Bar  never  t*!  retuni ;  otliers  reappear  after  a  fariable 
time,  but  always  more  feeble;  and  iinally  some  of  the  painfl  are  ool 
modifieil.  Clotjuei  speaks  as  though  the  beneficial  eflfeets  may  be 
due  to  an  inflammation  excited  by  the  needle.  This  obeerrer  oitaa 
cases  cure^l  promptly  hy  this  means.  He  possibly  overeatijiiafeed  the 
value  of  the  treatment.  In  one  c^se  of  my  own,  a  kind  of  acapunetttre 
was  inadvertently  practised  by  the  use  of  the  hypodermic  oaedia. 
The  ]>atient,  a  lieutenant  of  ix>lice,  had  stiff ereti  for  many  months  with 
the  worst  form  of  sciatica.  The  pain  on  pressure  was  greaif«t  at  the 
point  of  exit  of  the  nerve  frum  the  iielvis,  A  syringe  was  used  a  few 
times  in  succession  for  tlie  purpose  of  injecting  morphine  deeply  in 
the  neighborhood  of  tlie  nerve  trunk.  It  is  even  possible  that  one  of 
these  injections  may  have  been  matle  directly  into  the  sheath  of  the 
nerve.  Unfortunately,  owing  to  some  laxity  in  aseptic  prec4.^utioas, 
these  injections  caused  abscesses  deep  in  the  buttock.  These 
abscefises  recjuired  to  Im  freely  excised  and  continued  to  discharge 
pus  for  at  leiint  two  weeks.  The  therapeutic  efffnH  of  this  accident 
was  on  the  whole  lieneficial.  The  pain  was  assuaged,  and  never 
again  returned  in  its  former  severity.  A  cure,  however,  waa  not 
effected.  Tlie  patient  continuetl  to  suffer  for  many  mouths  aabae- 
{juently  with  a  chronic^  although  a  milder,  iyire  of  the  disease.  It  is 
nee<lle^s  to  say  that,  wliilo  this  plan  of  treatment  is  not  recommended, 
it  probably  illustrates,  by  an  extreme  example,  the  methixl  of  action, 
to  a  certain  extent,  of  acupuncture.  In  case  acupuncture  is  naad* 
very  fine  needles  arc  to  be  preferred,  and  they  should  lie  used  with 
every  aseptic  pi-ecaiition.  They  neeil  Uf it  be  of  either  silver  or  gt»hl. 
The  emphasis  which  has  been  put  upon  this  subject  by  some  wriiets 
leads  one  to  suspect  that  jirobably  a  mental  impression  liaa  been 
Bought  and  oblained  in  many  of  these  cases,  and  that  after  all  we  haf^ 
here  a  form  of  suggeiitive  therapeutic^.  Certainly  there  is  no  reaaon 
why  a  clean  steel  needle  should  not  l>e  as  good  aa  one  of  silver 
gold. 

According  to  Luria^  Cotugno  or  Cotunnius,  whoee  treatise 
sciatica  apiieared  in  1770,  instituted  the  treatment  of  sciatica 
blisters.     This   observer    taught    that   the   blistera  should   not  be 
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applied  indifferently  along  the  whole  extent  of  the  nerve,  but  upon 
the  part  of  the  nerve  placed  most  sux>erficially ;  consequently  he  cau- 
tioned against  the  application  of  a  blister,  so  commonly  made,  over  the 
nerve  where  it  issues  from  the  pelvis,  since  it  is  here  placed  deeply 
beneath  the  gluteus  and  other  muscles  and  tissues.     He  advised  the 
application  of  the  blister  by  preference  over  the  trunk  of  the  external 
popliteal  branch  of  the  sciatic  nerve  at  the  superior  and  external 
aspect  of  the  leg.     From  my  own  observations,  the  action  of  blisters 
in  sciatica  is  often  neither  prompt  nor  efficacious.     The  suggestion  of 
Cotonnins,  however,  that  the  blister  be  placed  at  the  most  superficial 
X>oint  of  the  nerve,  or  rather  of  one  of  its  main  branches,  is  one  that  is 
not  unworthy  of  consideration.     It  may  be,  as  this  author  suggests, 
that  the  reason  for  the  frequent  failure  of  this  plan  of  treatment  is  be- 
canse  the  blister  is  nearly  always  applied  over  the  point  of  exit  of  the 
nerve  from  the  pelvis.    In  most  persons,  and  especially  in  those  who 
are  at  all  corpulent,  the  skin  and  fat  and  connective  tissue  over  this  por- 
tion of  the  nerve  are  very  thick  and  dense,  and  must  as  a  consequence 
offer  much  resistance  to  the  proper  action  of  a  blister  upon  the 
inflamed  nerve.     Although  the  seat  of  most  active  inflammation  is 
probably  above  and  remote  from  the  external  popliteal  or  peroneal 
nerve,  yet  the  trunk  of  this  nerve  approaches  so  closely  to  the  surface 
that  the  benefit  derived  would  probably  be  greater  than  it  would  be 
in  case  the  blister  were  placed  over  the  seat  of  greatest  irritation. 
When  a  blister  is  used  the  effect  should  be  long  maintained— that  is, 
it  should  be  kept  as  an  open,  running  sore.     Probably  one  reason  for 
the  failure  of  this  treatment  is  that  too  much  is  expected  from  one 
application.     The  blister  is  allowed  to  heal  up  too  promptly;  disap- 
pointment results,  and  the  treatment  is  abandoned.     To  maintain  this 
treatment  properly,  it  is  usually  necessary  to  apply  a  blister  every 
few  days.     By  this  means  an  open  or  suppurating  sore  is  secured, 
which  keeps  up  a  constant  action,  not  unlike  that  which  results  from 
a  superficial  bum.     This  plan  of  treatment  by  successive  blisters  was 
insisted  on  by  some  of  the  older  observers,  especially  in  France. 
The  treatment  is  probably  best  adapted  to  mild  cases,  and  especially 
in  the  early  stages.    In  chronic  cases  I  have  not  tried  it,  but  I  sus- 
pect that  it  would  not  act  so  eflScaciously  as  the  hot  iron,  which  will 
be  referred  to  presently.    Among  the  curiosities  of  medicine  may  be 
mentioned  here  the  cauterization, of  the  end  of  the  ear  of  the  affected 
side  with  the  hot  iron;  also  the  catheterization  of  the  Eustachian 
canal,  both  recommended  in  olden  times  for  sciatica. 

The  treatment  of  sciatica  with  various  caustics  is  also  very  ancient. 
It  is  mentioned  by  Sanctorius,  according  to  Luria,  and  also  by 
Biverius,  who  conceived  the  fanciful  idea  that  as  sciatica  was  produced 
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hj  a  catarrh  desceDding  from  the  braiQ,  the  cauatic  Bhould  bo  applied 
to  the  occiput!  The  treatment  by  caustics  wtm  especially  lecom^ 
mendBil  by  TrotiHseau.  Yarious  aKeots  were  used  but  tbeee  seed  nol 
be  enumerated.  The  mode  of  action  of  causticB  is  evidently  tlio  mmB 
as  that  of  contioued  vesication  or  of  the  hot  iron.  Sulphuric  acid  m 
eepeciallj  raeutioned  by  the  older  observers^ 

The  treiitmeot  of  sciatica  with  the  hot  iron  is  said  to  have  berini 
employed  by  Albucaais  in  HOG.  He  made  three  lines  with  the  bol 
iron  along  the  course  of  the  nerve  at  a  distance  from  each  other  of 
al>out  the  thickness  of  the  finger,  Joljert,  s})eaking  of  this  treat- 
ment, claims  that  it  allays  the  pain,  but  he  seems  to  iucltno  to  the 
belief  that  it  is  necessary  to  make  a  deep  impression,  becAii 
applitxl  lightly  it  does  not  give  the  same  reHult^.  He  sufflertfl 
the  iron  should  be  very  hot^  a  recommendation  which  is  in  aooord 
with  that  of  contemporary  observers.  Loria  inclines  to  the  belief 
that  the  hot  iron  is  not  a  sovereign  remedy.  My  own  cjbservaticm  of 
this  treatment  has  led  me  to  believe  very  tirmly  in  its  efficacy.  In 
one  very  severe  cjise  of  sciatica  which  had  lasteil  for  nearly  two  yeam 
and  hail  i>roveil  most  rel>ellitjus  U>  all  forms  of  treatment,  I  saw  the 
use  of  tlie  hot  iron  effect  a  radical  cure.  In  this  case  it  whs  applied 
in  four  ]jlaces  along  the  course  of  the  nerve  bv  a  Prnjuelin  cautery 
raised  to  a  white  heat.  Each  spot  burned  was  slightly  mc»re  UrnXk 
one  inch  in  diameter  and  was  immediately  treate<^l  linfore  the  im- 
tieut  recovered  from  the  aniesthetic  with  an  application  of  pun? 
carbolic  acid.  This  treatment  made  sores  which  were  a  long  time  in 
healing.  Sloughs  separated  and  open  running  sores  were  thus 
maintained  for  several  weeks*  This  heroic  application  of  the  hot 
iron,  however,  is  not  always  required  and  is  not  in  accord  with  the 
recommendation  of  all  neurologists.  Thus  Weir  Mitchell  peoom- 
mends  a  series  ol  very  light  touches  of  the  actual  cautery,  niised  lo  a 
white  heat,  along  the  cfiurse  of  the  nerve.  By  this  methixl  little  more 
than  the  epithelium  of  the  skin  is  destroyed  and  the  resnlting  sore 
heals  promptly  and  knaves  little,  if  any,  scat*  In  one  case  in  a 
woman  I  recently  had  the  mo8t  gratifying  results  from  this  sli^^ht 
application  of  the  actual  cautery.  The  csase,  however,  was  not  so 
severe  and  chronic  as  the  one  referred  to  aliove.  While  I  tielievt*,  in 
the  main,  that  a  light  touch  of  the  iron  is  all  that  is  re<iuired  in  many 
oases,  yet  it  is  possible  that  in  very  chronic  cases  a  deeper  impres- 
sion is  boneficiah  A  gocxl  plan  is  to  make  a  series  of  light  imprw* 
sions  at  first.  If  these  are  not  efficacious  in  the  oaurae  of  a  Um 
weeks,  a  second  and  deeper  application  of  the  iron  should  be  made. 
This  treatment,  in  my  nbserv^ation,  seldom  fails  to  have  a  iirximfit 
palliative  action  upon  the  pain.     It  wiU  not,  however»  always  cure. 
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In  one  case  in  which  three  rather  deep,  sloughing  sores  were  pro- 
dooedy  the  patient,  although  relieved  for  a  time,  gradually  experi- 
enced a  return  of  all  his  former  symptoms,  but  in  a  milder  form. 
The  degree  of  heat  to  be  employed  in  these  cases  is  not  a  matter  of  in- 
difference.   The  best  result  is  obtained  when  the  iron  is  raised  to  a 
bri|;ht  cherry  red  or  even  white  heat.     As  the  skin  rapidly  abstracts 
the  heat,  this  result  cannot  be  well  obtained  by  an  iron  or  a  glass  rod 
heated  in  a  flame.     The  Paquelin  cautery,  which  admits  of  a  more 
or  leas  constant  maintenance  of  a  white  heat,  is  by  far  the  best  instru- 
ment to  use.    Even  with  this  cautery,  however,  the  abstraction  of  heat 
is  rapid  and  the  point  is  very  likely  to  be  reduced  to  a  dull  red.    It 
is  therefore  better  to  make  rex>eated  touches.    Thus  as  soon  as  the 
degree  of  the  heat  falls  upon  application  to  the  skin,  the  point  of  the 
canterj  should  be  momentarily  lifted  and  allowed  to  resume  its  full 
glow.     Thompson  recommends  the  use  of  a  glass  rod.    This  can  be 
heated  to  a  white  heat  very  rapidly  in  the  flame  of  a  spirit  lamp, 
held  very  close  to  the  patient's  skin.   Thus  instantaneous  and  repeated 
applications  are  made  before  the  degree  of  heat  is  materially  lessened. 
When  the  Paquelin  cautery  cannot  be  secured  this  use  of  the  glass  rod 
is  probably  preferable  to  the  use  of  the  iron. 

The  reputation  of  electricity  in  the  treatment  of  sciatica,  as  in  that 
of  many  other  diseases,  has  been  subject  to  singular  fluctuations.    It 
has  enjoyed  in  the  past  a  much  greater  reputation  than  it  maintains 
at  present.     It  is  an  old  method  of  treatment,  according  to  Luria, 
having  been  recommended  by  Cotunnius  in  his  monograph  on  sciatica 
more  than  a  century  ago.     Later,  the  illustrious  Duchenne  was  a 
firm  advocate  of  this  treatment.     He  claimed  that  faradization  of  the 
skin  can  cure  sciatica  and  gave  details  of  its  methods  of  application. 
The  popularity  of  the  two  currents  has  varied  according  to  individal 
observers.      Althaus,   following  Duchenne,    claimed   that   faradism 
could  cure  sciatica.     Berger,  quoted  by  Luria,  made  the  astonishing 
claim,  in  1872,  that  he  had  obtained  good  effects  in  at  least  seventy- 
three  cases  of  sciatica,  all  of  which  had  been  unsuccessfully  treated 
by  other  methods,  including  the  constant  current.      On  the  other 
hand,  Renault,  Gibney,  and  De  Watteville  recommend  the  use  of  the 
constant  current.     In  my  experience  electricity  by  either  current  has 
proved  of  very  little  value  in  sciatica.     The  depth  at  which  the  nerve 
tmnk  is  placed  beneath  the  skin  and  connective  tissue  and  fat  on  the 
hack  of  the  thigh,  in  many  patients,  renders  it  doubtful  if  much  of 
the  current  as  it  is  ordinarily  applied  reaches  the  nerve.     The  choice 
of  currents  is  not  a  matter  of  indifference.    The  constant  current 
should  be  employed,  especially  if  the  symptoms  are  acute.     The 
method  of  applying  the  current  should  be  as  follows :  A  flat  sponge 
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electrode  is  held  firmly  over  the  aticnim  or  over  the  buttock  of  ilia 
affected  side.  A  Hiiiallor  Bponge  elecircxie  is  then  used  Uj  make  firm 
and  deep,  but  ntjt  too  jiaitifiil,  i>reHHure  over  the  more  aooesAiblo  |ior- 
tioBB  of  the  nerve.  Probably  the  best  effect  is  obtained  and  more  of 
the  eurreet  ctuisecl  to  flow  tbroogh  tlie  iierv©  by  hokling  this  SfKinga 
deeply  in  the  poplitejil  space  with  the  leg  slightly  flexed  at  the  knee. 
The  cmroot  strength  shoulti  tjo  regulated  somewhat  acconlttig  to  Ui^ 
tolerance  of  the  iiatieut.  In  aciitt3  cases  in  which  the  jjain  is  veiy 
severe  it  will  nnnally  be  found  tbat  the  patient  cannot  endure  a  strving 
current.  It  is  im[>o?*sible  to  prescrii>e  the  current  strength  acc^jrding 
to  the  number  c^f  cells  employed.  These  vary  in  their  electromotar 
force  and  the  resistance  of  the  skin  and  other  tissues  varies  in  differ- 
ent peojile.  If  pain  is  much  iutensitied  during  the  application  of  the 
current,  it  will  be  better  to  desist.  Tim  positive  pole»  aa  being 
theoretically  the  sedative  pole,  should  lie  the  one  emi>Ioyed  upon  the 
nerve  trunk.  Sudden  shocks,  as  by  making  and  breaking  the  cur* 
rent  while  the  8[>onges  are  applied  to  the  skin,  should  be  avoided. 
If  the  faradic  current  is  employed,  the  method  may  vary  slightly 
from  that  just  given.  The  two  sponges  may  be  of  equal  suEe  and  tliev 
may  be  applied  by  lightly  stroking  the  skin  on  the  back  of  the  thigh 
and  over  the  muHcles  of  the  leg.  By  this  means  the  muscles  may  be 
made  to  react  gently.  But  violent  muscular  contractious  with  s 
strong  current  should  be  avoided.  De  Watteville^"^  reeommeiidt 
electropuncture  of  the  oen^e,  but  only  by  an  expert  operator  familiar 
with  the  eleetr«il\  tic  effects  of  the  current.  This  seems  to  be  a 
moditication  of  the  time-honored  acupuncture,  but  it  is  a  method  with 
which  I  am  not  familiar.  This  authority  also  speaks  of  galvami^ 
tion  of  the  nerve  by  means  of  a  rectal  electrode.  By  this  means  the 
current  could  undoubtedly  be  brought  into  closer  contact  with  the 
affected  nerve  than  through  the  skin.  The  best  time  to  apply  elec- 
tricity in  sciatica  is  probably  towards  the  end  of  the  attack.  At  this 
time  some  of  the  chronic  symptoms,  as  persistent  soraiaM  of  the 
nerve  and  some  ffabbiuess  of  the  muscles,  are  likely  to  be  present 
These  seem  to  bo  benefiteil,  in  some  cases,  by  the  use  of  one  or  the 
other  current.  The  muscular  nutrition  is  probably  best  restored  by 
the  faradic  cuiTcnt. 

Hydrotherapy  has  been  much  praised,  especially  in  Frmacse  and 
Germany,  for  the  treatment  of  sciatica.  In  this  country,  unlortii- 
nately,  this  method  is  too  little  employed,  not  only  in  this  but  in 
many  other  diseases.  The  fact  that  extravagant  and  incredible  claims 
have  been  made  for  it  should  not  close  the  eyes  of  American  prae-  ■ 
titiouf^rs  to  its  importance.  Lagrelette'"  confidently  claimed  Uuit 
he  had  found  in  hydrotherapy  a  method  of  ame  cure  for 
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The  method  adopted  abroad  is  to  subject  the  patient  to  the  pack, 
which  causes  copious  sweating.     This  secures,  according  to  Fleury, 
mn  energetic  revulsion  upon  a  very  large  surface  of  the  skin.    What- 
ever the  theory,  the  method  is  undoubtedly  a  valuable  one.     In  one 
case  I  knew  an  active  daily  treatment  by  the  ordinary  Bussian  bath 
to  be  followed  by  the  most  beneficial   effects.     In  this   case  the 
paiient^  who  was  almost  incapacitated  for  walking,  was  taken  to  the 
establishment  and  lived  there  for  a  month.     The  difficulty  in  secur- 
ing this  treatment  arises  in  many  cases  from  its  inconvenience  and 
expense.     The  Turkish  bath  cannot  be  obtained  outside  of  our  large 
cities  and  towns.     Many  of  our  hospitals,  unhappily,  have  not  the 
facilities  for  a  proper  use  of  the  bath.     Still,  cold  showers  and  copious 
Bweatini^  with  a  warm  pack  can  be  obtained  even  under  ordinary  cir- 
cumstances.   In  some  cases,  if  it  is  not  practicable  or  desirable  to 
give  the  x>fttient  full  bathing,  a  local  application  of  alternate  hot  and 
cold  water  can  be  made  to  the  limb.     The  leg,  for  instance,  can  be 
swathed  in  flannels  wrung  out  of  water  and  thus  a  local  and  copious 
sweating  can  be  procured.    While  this  treatment  is  often  beneficial, 
it  is  not  to  be  compared  in  efficacy  with  the  more  thorough  general 
treatment  by  baths.    For  patients  whose  means  will  admit,  a  sojourn 
in  some  special  bathing  establishment  may  be  tried.    Warm  salt- 
water baths,  as  now  obtained  at  many  seaside  resorts,  might  also  be 
tried  in  obstinate  cases  of  sciatica.     Whatever  plan  of  hydrotherapy 
is  adopted  it  should  have  always  one  object,  t.e.,  the  active  revulsive 
effect  referred  to  long  ago  by  Fleury,  and  which  is  obtained  by 
copious  sweating.      Finally,  a  caution   should   be  uttered  against 
building  too  high  hopes  upon  this  as  upon  any  other  treatment. 
Cases  occur  that  will  not  yield  promptly  to  hydrotherapy,  or  occa- 
sionally will  not  even  be  benefited  by  it. 

A  special  method  of  treatment  for  sciatica,  formerly  much  recom- 
mended by  some,  was  with  hypodermic  injections  of  nitrate  of  silver. 
Luria  devoted  his  thesis,  already  quoted,  to  a  complete  presentation 
of  this  subject.  According  to  him,  Luton  of  Eheims  was  the  first  to 
employ  this  method.  Other  substances,  especially  chloride  of 
sodium,  have  been  used,  but  the  nitrate  of  silver  has  been  the  agent 
most  employed.  The  idea  seems  to  have  been  to  substitute  an  in- 
flammatory local  action  in  the  nature  of  a  phlegmon  in  the  neighbor- 
hood of  the  nerve  trunk.  .  The  originator  sought  to  obtain  a  focus  of 
suppuration,  which  he  evidently  believed  acted  as  a  revulsive  upon 
the  inflamed  nerve.  Nitrate  of  silver,  according  to  Luria,  has  the 
advantage  of  being  energetic  and  of  determining  a  phlegmonous 
inflammation  of  such  a  kind  that  the  process  is  confined  within  a 
limited  region,  and  hence  is  better  under  control     Moreover,  its 
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action  18  not  k*mfKirary,  as  is  that  of  ordinary  actipunctarB^  unoa 
the  inflHrnniation  provoked  by  the  injection  jiersista  and  etesmm  H 
profound  local  irritation  of  long  deration.  The  phlegmon  may  ter- 
minate either  by  resolution  or  by  suppuration.  This  injectian  o| 
nitrate  of  silver  is  painful,  but  it  is  not  unendurable.  It  is,  moreover, 
less  than  the  pain  of  the  sciatica  whicli  it  is  said  to  relieve.  Luton 
employed  a  solution  apparently  of  about  tern  iter  cent,  in  a  doee  ol 
ten,  twenty,  or  thirty  drojjs.  He  made  the  injections  at  the  iiainflil 
points,  be^innin|][  at  the  higher  level  of  the  limb.  He  directed  thftl 
they  should  l>e  made  deep  in  the  tissue.  Successive  iujectaoiie  AM 
made  with  Kradoally  decreasing  strength  uf  solutinn  further  down  ilie 
course  of  the  nerve.  Luria  concludes  tlmt  the  injectinns  of  mtmte  of 
silver  can  be  employed  with  aiiccesB  for  all  forms  of  sciatica,  but  tlmt 
they  are  e8i>ecially  successful  in  cases  in  which  there  is  an  acti%i«» 
neuritis.  No  grave  complications  had  ever  resulted  from  these  injec- 
tiona,  as  was  proved  in  numerous  observations*  The  8U[>eriority  of 
this  mode  of  treatment  is  due  to  the  fiict  that  the  irritating  solation 
is  carried  into  the  tissues  in  the  neighborhood  of  the  diaeaeed 

Nerve  stretching  has  been  recommended,  and  was  at  one  time 
quite  extensively  in  the  treatment  of  sciatica.  The  of»eration 
first  performed  by  Billroth,  in  1869.  At  one  time  quite  popular,  it 
hiis  now  fallen  rather  into  disrepute.  Chauvel  **'  has  defined  Hm 
operation  as  one  in  which  a  nerve  trunk  is  elevated  upon  a  blunt  in- 
strument  in  such  a  manner  as  Uj  obtfkin  a  real  incre^ase  in  its  len^^. 
This  increase  or  elongati<m  of  the  nerve  trunk  is  the  object  and  the 
essential  p<iint  of  the  o| aeration.  Some  minor  procedures,  such  ae 
pulling  and  pressing  the  nerve  lietweeu  the  fingers,  crushing  Uie 
nerve  lietweeu  the  jaws  of  a  pair  of  pincers,  or  sometimes  a  simiile 
degmjemeiii  of  the  nen^e,  are  sometimes  included  under  the  one  lenn; 
but  as  they  essentially  differ,  Ixith  in  their  processes  and  reenlte, 
they  should  be  distinguished.  One  method  recommended  by  some, 
is  the  snlwutaneous  elongation  of  the  sciatic  nerve.  It  is  claimed 
that  forced  flexion  of  the  tbigh  njKjn  the  pehis  causes  an  elongation 
of  the  sciatic  nerve  greater  than  that  which  can  be  obtained  by  a  foroe 
applied  directly  to  the  nerve  itself.  In  the  operation  for  nerve-stretch- 
ing the  nene  is  uncovered  by  appropriate  incisions  imrallel  to  the 
course  of  its  trunk.  In  case  of  the  sciatic  nerve  the  middle  region  of 
the  thigh  is  preferred,  l^ecause  the  ner\"e  here  lies  more  snperficiallj 
than  it  docs  l>etween  the  hiberoaity  of  the  ischium  and  the  trochanter. 
The  nerve  is  lifted  fiipm  its  l>ed  by  a  blunt  instrument  and  stretebed. 
The  amount  of  force  to  be  applied  to  the  nerve  was  formerly  m  aobjeel 
of  some  discussion.  From  observations  made  upon  the  cadAver  it 
seems  that  the  sciatic  nerve  can  resist  greater  force  than  can  the  oUier 
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imiikB.    This  is  easily  explained  by  its  greater  size.    Syming- 
ton noted  that  under  a  traction  of  one  hundred  and  thirty  pounds 
the  nerve  was  raptured  six  times  at  the  point  of  application  of  the  force 
and  eight  times  it  separated  at  its  root.    The  nerve  has  less  resisting 
power,  according  to  QiUette,  in  old  and  cachectic  indi\dduals  than  in 
vigorous  adults.    GiUette,  noting  these  various  facts,  constructed  an 
instminent  for  the  purpose  of  measuring  the  force  applied  to  the  nerve 
trunk  for  therapeutic  purposes.    This  instrument  he  called  an  *"  elonga- 
tor.  *'     The  amount  of  force  to  be  applied  to  the  sciatic  nerve  should  not 
exceed  twenty  kilograms.    The  operation  of  nerve  stretching,  while 
apparently  simple  and  harmless,  has  been  attended  in  a  few  instances 
with  disastrous  results.    Thus  Gartner,  in  1872,  quoted  by  Chauvel, 
reported  a  case  of  a  woman  aged  thirty-eight  years  who  had  \dolent 
neuralgic  pains  along  the  course  of  the  nerves  in  the  right  arm.     The 
nerve  trunks  in  the  brachial  plexus  were  exposed  below  the  clavicle 
and  stretched.    Some  of  these  nerve  trunks  were  noted  to  be  \dsibly 
affected.     On  return  to  consciousness  the  patient  found  that  the  pain 
had  disapx)eared  and  did  not  reappear.     This  patient  died  on  the 
fifteenth  day  from  hemorrhage  from  the  jugular  vein  and  by  entrance 
of  air  into  the  vein.    The  surgeon  claimed  that  this  vein  had  not 
been  wounded  during  the  operation,  but  it  seems  incredible  that  the 
patient  should  have  bled  to  death  from  it  if  it  were  not  injured. 
Nussbaum  encountered  great  danger  from  ulceration  of  the  popliteal 
artery  in  a  case  in  which  he  had  stretched  the  sciatic  nerve.     The 
method  of  action  of  nerve  stretching  is  not  altogether  clear.     Much 
speculation  has  been  wasted  upon  it.     It  seems,  according  to  re- 
searches of  Valentine,  Marchand,  and  others,  that  there  are  distinct 
organic  lesions  caused  by  nerve  stretching.     Among  these  lesions 
were  noted  hyperaemia,  capillary  hemorrhages,  and  rupture  of  the 
axis  cylinders;  but,  according  to  some,  the  sheath  of  Schwann  re- 
mains intact.    In  cases  in  which  permanent  injury  results,  the  nerve 
IB  contracted  and  presents  a  large  number  of  degenerated  fibres.     The 
immediate  results  of  ner\'e  stretching,  it  is  claimed,  are  temporary 
azuBsthesia  without  motor  disorder,  in  cases  in  which  moderate  force 
has  been  used.    A  more  prolonged  or  even  persistent  ansGsthesia, 
with  paralysis  of  motion,  and  trophic  lesions,  occurs  when  great  force 
is  used.     From  these  facts  it  seems  that  nerve  stretching,  by  inter- 
rapting  the  continuity  of  the  nerve  fibres,  causes  paralysis  of  sensa- 
tion, and  hence  acts  to  relieve  pain.     It  is  probable  also  that  it  may 
bave  an  alterative  effect  on  the  inflammatory  process,  checking  this 
and  promoting  absorption.      Chauvel   concludes  that  in  cases  of 
sciatica,  if  cure  results,  this  occurs  only  a  long  time  after  the  opera- 
tion.   As  already  said,  this  operation  is  no  longer  held  in  high 
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favor.  It  by  no  means  insures  a  care  and  it  is  not  free  from  d&ngera, 
among  the  greatest  of  which  are  nipture  of  the  nerve,  rupture  i4  m 
contiguous  artery  or  vein,  and  permanent  x>aralysi8  and  anttotbqBim 
of  the  limb. 

In  recent  years  S.  Weir  Miti'hell"*  has  recommended  absolute 
rest  of  tJie  affeek^d  log.  Ho  Heciires  this  by  not  only  putting  tbe 
patient  to  bed  but  by  extemling  the  leg  ujitm  a  long  splint  This 
treatment  is  i>ersevered  with  until  the  tenderness  of  the  nerve  has  sub- 
sided. The  time  %vill,  of  course,  vary  in  different  cases.  This  is  m 
rational  treatnieut.  The  comj>lete  immobility  of  the  inflamed  nenre 
no  doubt  tends  botli  to  subdue  the  activity  of  the  inflammatjcm  and 
also  to  promote  the  absorption  of  the  producU  <»f  inflammationwith 
which  the  nerve  shoath  is  distended.  This  treatment,  of  course,  can 
be  combined  with  other  treatmonti  as,  for  instance,  counter-irritatioii 
with  the  hot  iron  and  ai»ijropriate  medication  and  feeding.  Th© 
patient  thuB  secures  the  benefit  of  a  systematic  rest  cure,  and  as 
many  of  the^e  |>atLenta  are  not  a  little  neurasthenic  and  broken  down 
from  the  effects  of  long  suffering  and  discouragement,  this  rest-coi^ 
is  highly  beneficial. 

Mitchell  lays  great  stress  on  the  im]x>rtance  of  bandaging  tlie 
leg  with  flannel  bandages  in  combination  w4th  the  treatment  on  m 
splint.  The  bandage  no  doubt  acts  not  only  by  putting  the  musclst 
perf*3ctly  at  reat  and  thus  relieving  all  muscidar  tension  and  involuo* 
tary  movemoiitt*  which  the  patient  may  make,  but  also  by  pieToziliog 
the  transmiui^ion  through  the  nerv^e  trunk  of  all  motor  impulses.  Any 
one  who  has  seen  the  extreme  sensitiveness  of  a  patient  with  sei* 
atiea,  not  only  to  slight  movement,  but  even  to  the  slightest  laolile 
impression  u|xm  the  skin,  ^a^II  realize  tliat  the  perfect  rest  and  se- 
curity  obtainetl  by  a  well-adjusted  flannel  bandage  must  be  both 
comforting  and  l>eneficiaL  The  l>andage  may  be  applied  daily,  aod 
should,  of  course,  be  kept  on  all  night,  a  precaution  which  is  not  al- 
ways necessary  in  the  case  of  the  splint*  An  additional  advantage, 
which  the  bandage  secures,  is  maintenance  of  the  circulation  and 
warmth  of  the  limb,  and  the  promotion,  possibly,  of  a  slight  but  con- 
stant perspiratitm. 

Mitchell  also  recora  mends  very  highly  the  applicjitton  of  cold  in 
sciatica.  This  is  done  by  means  of  an  ice  bag«  The  best  form  is  the 
long  spinal  rubl^er  ice  bag.  This  may  be  filled  with  cracked  iot, 
wrapped  in  a  few  layers  of  flannel,  and  kept  constantly  applied  along 
the  posterior  a8i>ect  of  the  thigh.  If  it  is  applied,  however,  on  tho 
outer  side  with  a  roller  bandage,  it  is  not  neoesaary  to  envelop  ii 
Mitchell  has  nbtnined  from  this  tieatment  with  the  splint,  Wndaging, 
and  the  application  of  cold  the  most  satisfactory  results. 
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The  treatment  of  sciatica  with  drugs  furnishes  a  long  chapter  in 
its  history.    Every  known  alterative  and  sedative  drug  has  been  used 
in  the  usually  hopeless  effort  to  combat  this  painful  and  obstinate 
affection.    It  cannot  be  said,  however,  that  any  known  medicine  has 
stood  the  test  of  exi)erience.     Sciatica  is  unusually  rebellious  to 
treatment  by  medicinal  agents.    The  various  alterative  and  constitu- 
tional remedies  have  been  used  ad  libitum.    In  rheumatic  and  gouty 
cases  the  salicylates,  iodide  of  i>otassium,  the  various  salts  of  lithium, 
colchicnm,  and  arsenic  have  all  had  extended  trial.  ,  I  have  never  been 
able  to  assure  myself  that  they  were  beneficial.    In  cases  of  a  distinct 
rheumatic  history  I  might  perhaps  have  some  confidence  in  the 
salicylate  of  sodium,  but  this  drug  should  always  be  combined  with 
treatment  by  rest  and  some  form  of  counter-irritation,  preferably  light 
touches  with  the  hot  iron.     The  preparations  of  lithium  and  colchi- 
cum  are  apparently  of  little  value  in  any  form  of  sciatica. 

In  cases  of  sciatica  in  which  a  malarial  origin  is  suspected,  the 
patient  should,  of  course,  have  any  advantages  that  may  come  from 
an  antimalarial  treatment.  Many  good  authorities  hold  to  the  belief 
that  sciatica  is  occasionally  caused  by  the  malarial  poison.  The 
practitioner,  in  fact,  should  not  close  his  eyes  to  the  fact  that  sciatica 
is  probably  a  disease  with  many  causative  factors.  Malaria,  rheu- 
matism, gout,  and  syphilis,  and,  in  fact,  any  form  of  dyscrasia  that 
depletes  the  blood,  may  lay  the  foundation  for  an  attack  of  this 
disease,  following  slight  injury  which  would  not  have  affected  a 
healthy  nerve.  Hence  ansdmic  states,  following  profuse  hemorrhages 
or  infectious  diseases,  may  have  a  direct  causative  influence.  In 
cases  in  which  a  distinct  malarial  poisoning  can  be  traced,  the  patient 
should  be  treated  with  large  doses  of  quinine,  combined  with  iron 
and  arsenic. 

The  influence  of  syphilis  in  causing  sciatica  has  already  been 
indicated  in  this  paper.  This  possible  cause  should  be  searched  for 
with  the  utmost  care  in  every  obscure  case  presenting  sciatic  pains. 
In  case  it  can  be  determined  that  the  patient  has  had  a  primary  sore 
or  any  secondary  lesions  of  syphilis,  he  should  have  the  benefit 
of  a  thorough  antisyphilitic  course.  I  have  already  indicated  my 
preference  for  hypodermic  injections  of  mercury  in  all  early  cases 
of  nerve  syphilis.  When  it  is  considered  that  the  lesion  of  syphi- 
lis in  the  sciatic  nerve  may  consist  of  gummatous  infiltration  within 
the  nerve  sheath,  the  reasons  and  the  need  for  heroic  treatment 
do  not  require  to  be  urged.  Injections  of  mercuric  chloride,  in 
doses  of  one-eighth  to  one-twelfth  of  a  grain,  may  be  repeated  daily 
or  every  other  day  over  a  period  of  several  weeks.  Great  care  should 
be  observed  that  these  injections  are  aseptic,  and  salivation,  if  pos- 
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Bible,  sliould  be  avoided.  In  case  no  gooil  results  are  obtained  after 
two  or  three  weeLs  of  tbis  treatment  it  may  aa  well  be  stopped*  It 
may  be  combined  with  hirge  doses  internally  of  iodide  of  potaasiiim. 
While  I  have  had  no  direct  experience  with  sciatica  of  syphilitic 
origin,  yet  I  believe  that  the  pcjssibility  of  this  factor  as  a  eame 
should  never  l^e  ignored;  and  in  case  it  can  be  determineil  to  bi 
present,  the  treatment  herein  indicated  is  urgently  demanded. 

The  use  of  sedative  drugs  will  always  be  demanded  sooner  or  later 
in  oases  of  severe  sciaticii.  The  precautions  already  urged  in  this 
paper,  relative  to  the  uhb  uf  all  such  drags,  cannot  be  t<x)  empbaticidly 
repeated  in  this  connection.  The  risk  is  not  small  that  the  patieiit 
will  become  dependent  upon  them,  and  will  suffer  corresixindingly  in 
his  general  nutrition  and  morale,  if  they  are  given  with  too  fre©  a  band. 
If  the  jiatient  is  treated  with  absolute  rest,  with  his  leg  enveloped  in 
a  bandage  and  fiiHtened  on  a  splint,  with  the  applic^ition  of  cold,  or, 
in  more  severe  ciwes,  with  light  touches  of  the  actual  cautery,  thcr 
need  for  anodyne  drugs  will  iisuaUy  \m  reduced  to  a  minimum.  At 
most  it  will  only  be  necessary,  as  a  rale,  t*i  give  a  few  hypodermic 
injections  of  morphine.  If  this  drug  is  useil»  it  is  better  to  giro  one 
full  dose  at  Vjedtime  with  the  object  of  securing  a  good  night.  These 
injections  may  \m  continued,  accortling  to  the  requirements  of  the 
case,  for  a  few  nights ;  but  if  the  patient  is  thoroughly  under  control 
with  the  rest  treatment  here  indicated,  it  will  generally  be  found  thai 
the  morphine  may  be  discontinued  in  a  comparatively  short  time.  Of 
other  sedative  drags  the  most  efficient  are  antipyrin,  antifebrin, 
antikamnia,  and  phenacetin.  These  may  be  given  in  dosect  of  from 
ten  to  fifteen  grains  two  or  three  tiojes  a  day.  If,  after  a  trial  of  some 
days,  they  are  found,  as  not  unusually  happens,  to  have  little  oon- 
trolliug  eflfect  uiion  the  pain,  they  should  lie  discontinued.  Their 
routine  use  is  too  apt  to  IxH^ome  a  habit  with  the  practitioner,  and 
as  they  have  a  more  or  less  depleting  action  upon  the  blood, 
should  l>e  used  only  for  a  definite  object,  and  if  that  ia  not 
attained,  they  should  be  discontinuecL  Thom|>son'*'  believed 
atropine,  conium,  and  ergotin  may  be  of  great  services  as  adjnii 
but  he  discourages  a  main  reliance  upon  theoL  Beeently  Miklial- 
kine"*  haH  recommended  nitroglycerin  in  the  treatment  of  sciatiea 
when  the  usual  remedies  fail.  It  is  given  in  the  following  mixture; 
Alcoholic  solution  of  trinitrin  (one  i>er  cent.)*  8^  g^- 1  tinctnre  of  cap- 
sicum, 120  gm. ;  pepi>ermint  water,  240  gm. ;  five  or  ten  drops  to  be 
taken  three  times  a  day.  Hunslserger"*  has  recommended  strooglj 
aoonitine  for  sciatica.  As,  however,  he  is  obliged  to  give  the  drag  for 
two  months  his  results  are  not  brilliant.  Cocaine  is  undoubtedly  an 
efficient  anodyne  in  all  forms  of  neuralgia,  and  acta  satisfactorily  in 
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sciatica.  It  should  be  injected  deeply  into  the  seat  of  greatest  pain. 
As  the  danger  of  the  cocaine  habit,  however,  is  always  great  from 
the  therai)eatic  use  of  this  drug,  it  should  be  used  with  the  utmost 
caution  and  reserve  by  the  practitioner. 

NegTo"^  has  reported  a  series  of  cases  of  rebellious  sciatica,  treated 

by  compression,  aU  of  which  he  claims  ended  in  recovery.     The  pro- 

cednie  is  as  follows :  The  patient  is  placed  on  his  face  with  his  legs 

extended.     Both  thumbs  are  applied  on  the  trunk  of  the  nerve  at  its 

XK>int  of  exit  from  the  x>elvis,  and  it  is  compressed  with  the  greatest 

possible  force.    At  the  same  time  slight  lateral  movements  are  made 

upon  the  nerve  trunk.    This  is  done  for  fifteen  or  twenty  seconds,  and 

after  an  interval  of  twenty  minutes'  rest  the  procedure  is  repeated. 

Negro  claims  that  the  second  application  is  much  less  painful  than 

the  first,  and  that  after  it  the  patient  is  able  to  walk,  and  that  he  may 

be  free  from  pain  for  several  hours  or  even  a  day.     To  effect  a  cure 

this  procedure  should  be  practised  about  six  times  a  day  every  two 

days  until  recovery  is  obtained.     His  claim  that  he  has  thus  cured  one 

hoDdred  and  thirteen  cases  of  **  rebellious"  sciatica  is  an  extraordinary 

one,  and  should  be  received  with  caution.     The  compression  acts  in 

a  manner  somewhat  similar  to  that  of  nerve  stretching. 

Finally  a  word  must  be  said  about  the  general  nutrition  and  care 
of  these  patients.     In  some  cases  of  sciatica  the  patients  are  robust 
and  full-blooded  and  do  not  seem  to  require  an  extra  full  diet.     The 
practitioner  should  not  be  deceived,  however,  by  these  appearances, 
especially  if  the  individual  be  a  man  or  woman  who  has  been  accus- 
tomed to  high  living  with  over-indulgence  in  alcohol.     Such  patients 
usually  require  a  well-selected  sustaining  diet,  but  it  should  be  simple 
and  not  disposed  to  aggravate  a  gouty  diathesis.     Not  too  much  meat 
hot  light  custards,  milk,  fish,  and  poultry,  and  a  rather  .liberal  vege- 
table dietary  are  indicated.     In  i)ersons  who  are  ansemic  a  full  diet 
of  easily  digested  food  should  be  provided.     Such  patients  often  will 
not  consume  of  their  own  accord  as  large  an  amount  of  nutritious 
food  as  they  require,  and  their  eating  should  in  a  sense  be  di- 
rected and  even  forced.     With  the  treatment  by  rest,  bandaging, 
and  a  splint,  it  is  easy  to  control  the  patient's  diet;    and  this  is 
an  additional  advantage  of  this  method  of  treatment.     I  think  special 
attention  to  this  subject  of  diet  and  nutrition  is  of  great  importance, 
particularly  in  cases  of  chronic  sciatica.     These  patients  are  often 
broken  down  with  pain,  anxiety,  and  disappointment,  and  their  cases 
become  complicated  with  distinct  neurasthenic  symptoms.     They  con- 
sequently are  benefited  by  rest,  by  forced  feeding,  and  in  some  cases 
by  removal  from  the  domestic  environment.     I  have  known  some  of 
these  patients  to  be  at  once  benefited  by  removal  from  home  to  a 
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good  hospital,  where  they  could  be  kept  thoroughly  under  control  and 
systenjaticHlly  watt^hed  and  treated* 

The  use  of  alcoholic  stiinulante  in  sciatica  is,  as  a  rule,  not  indi* 
e^ted.  Old  or  broken-down  subjects  are,  however,  sometijnaa  bene- 
fited by  light  winea  or  even  a  little  whiskey. 

Great  care  should  be  exercised  in  getting  the  patient  up  and  aboni 
after  treatment  in  bed  for  sciatica.  If  too  much  liberty  is  allowed  at 
the  beginning,  thei*e  may  be  relapses  with  all  their  attendant  dis- 
couragement and  demoralization.  It  is  best  to  allow  the  patient  at 
first  only  to  sit  up  in  the  eliair  for  an  hour  or  iMo  in  a  day.  If  the 
improvement  continues  he  may  Iw  iic^rmitted  to  walk  a  little  about  liii 
room,  care  being  taken  to  note  the  degree  of  pain,  if  any,  thai  aocom* 
panies  or  follows  the  exercise.  Slight  soreness  of  the  nerve  trunk 
and  a  sense  of  stiffness  of  tlie  muscles  may  persist  even  in  favorable 
eases  for  quite  a  long  time,  and,  while  suggesting  the  necessity  for 
caution,  shoukl  not  cause  either  the  jiatient  or  the  physician  too 
mueli  disiapijoiutment  and  anxiety.  Even  after  the  patient  has 
apparently  entii'ely  recovered  his  health,  he  should  live  for  montlia 
with  a  view  to  the  possibility  of  a  recurring  attack.  Conaeqnenllj 
he  shtmld  avoid  all  excesses  and  exfiosure  in  living  ami  in  labor.  As 
a  rule,  even  in  very  severe  cases  of  sciatica  I  have  not  noted  a  ten- 
dency to  recurrence  after  an  inters^al  of  complete  freedom  of  a  year 
or  two  has  passed  by.  In  other  words ^  recoveries  from  this  diaeaae 
are  often  both  complete  and  satisfactory. 

A  word  may  be  said  here  about  the  advisability  of  radical  surgical 
treatment  for  sciatica.  By  this  I  mean  cutting  down  ujRm  tlie  nerve 
and  incising  its  sheath  longitudinally  for  the  purjiose  of  securing 
drainage.  In  the  case  already  referred  to  in  this  pai>er,  in  which  I 
had  an  opfiortunity  to  make  an  autoiwy  in  a  patient  who  had  been 
Buffering  with  a  liigh  gratle  of  sciatic  neuritis,  I  was  much  impreaaed 
with  the  fiwi  that  <inly  some  radical  treatment,  like  incision  of  the 
nerve  sheath,  would  have  l>een  aljle  to  afford  satisfactory  and 
prorajit  relief.  In  this  case  the  tough,  unyielding  fibrous  sheath  of 
the  nerve  contained  lymph,  blood,  and  serum,  as  the  results  of  an 
acute  intlammatory  j>rocess.  Pus  even  has  l>een  described  by  some 
observers  as  present  in  the  ner%*e  sheath.  When  such  eonditiona 
exist  in  other  regions  of  the  l»rHly,  the  only  rational  treatment  is 
deemed  to  be  evacuation  of  these  pnxlucts.  I  do  not  know  why  a 
similar  rule  does  not  ai>ply  to  the  large  sciatic  nerve.  Still,  I  ha^e 
had  no  opportunity  to  teat  such  treatment,  and,  therefore,  I  cannot 
with  certainty  recommend  it  I  shouUl,  however,  in  another  similar 
case  under  my  care  certainly  take  the  subject  into  consideration  in 
consultation  with  a  competent  surgeon. 
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DiseaseB  of  the  Peroneal  Nerve. 

The  peroneal  nerve  is  the  continuation  of  the  external  popliteal 
nenre,  which  is  one  of  the  two  main  terminal  branches  of  the  great 
sciatic.  It  is  a  large  nerve,  but  is  nevertheless  only  about  one-half 
the  aize  of  the  internal  popliteal.  In  passing  into  the  leg  from  the 
popliteal  space  it  lies  behind  the  head  of  the  fibula,  where  it  can 
readily  be  felt.  It  divides  into  two  terminal  branches,  the  anterior 
tibial  and  the  musculocutaneous  nerve.  Before  its  division,  how- 
ever, it  supplies  articular  branches  to  the  knee-joint  and  cutaneous 
hrancheB  to  the  skin  on  the  back  and  outer  side  of  the  leg  as  far  as 
its  middle  third.  One  branch  occasionally  extends  as  far  as  the  heel 
(Gray).  The  anterior  tibial  nerve  supplies  the  tibialis  anticus, 
extensor  longus  digitorum,  extensor  proprius  hallicis,  and  extensor 
brevis  digitorum,  and  sends  sensory  filaments  to  the  adjacent  sides  of 
the  great  and  second  toe.  The  musculocutaneous  branch  of  the 
peroneal  nerve  supplies  the  peroneus  longus  and  peroneus  brevis 
muscleB,  and  sends  sensory  fibres  to  the  lower  part  of  the  leg,  the 
inner  and  the  outer  side  of  the  ankle  and  foot,  the  inner  side  of  the 
great  toe,  and  the  adjoining  sides  of  the  second,  third,  fourth,  and 
fifth  toes. 

Obstructive  lesions  of  the  peroneal  nerve  cause  paralysis  of  the 
muscles  just  enumerated.  There  is  consequently  a  loss  of  power  of 
extension  of  the  foot  upon  the  leg  (dorsiflexion)  and  of  extension  of  the 
first  phalanges  of  the  toe.  These  phalanges  are  consequently  flexed 
by  contracture  of  the  interossei.  There  is  foot  drop  in  walking,  and 
a  condition  of  talipes  equinus  from  paralysis  of  the  tibialis  anticus 
and  contracture  of  the  unopposed  sural  muscles.  The  area  of  anses- 
thesia  is  confined  largely  to  the  outer  side  of  the  lower  leg  and  ankle, 
to  the  outer  side  of  the  dorsum  of  the  foot,  and  to  the  toes ;  but  it 
varies  considerably  in  different  cases. 

The  peroneal  nerve  is  not  often  paralyzed  alone.  Because  of  its 
exposed  x>osition  at  the  head  of  the  fibula,  it  is  readily  conceivable 
that  the  nerve  might  be  injured  by  blows,  wounds,  or  pressure. 
Practically,  however,  such  cases  must  be  extremely  rare.  I  have 
never  met  with  an  instance  of  such  an  injury,  nor  seen  a  report  of  such 
a  case.  The  nerve  itself  is  not  usually  subject  to  the  injurious  effects 
of  cold,  such  as  is  seen  in  the  facial  nerve.  While  thus  exempt,  how- 
ever, from  some  accidents,  it  is  rather  unusually  prone  to  be  involved 
in  some  disease  processes.  Thus  in  the  neuritis  which  sometimes 
foDowB  typhoid  fever  the  peroneal,  as  well  as  the  ulnar  nerve,  is 
Tery  likely  to  be  involved.     Sir  James  Paget,''"  in  1876,  called  atten- 
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tion  to  this  type  of  paralysis  following  typhoid  fever.  TootL  '^*  and 
Charcot  and  Marie'*"  deseril>ed  a  somewhat  similar  type  of  muscular 
atrophy  in  which  taliijes  equinovanis  occurred.  Ormercxl  **'  re- 
ported three  cases  of  this  type  of  muscular  atrophy  iu  one  faxmly^ 
followiog  measles.  The  affection  invariably  began  in  the  legs  below 
the  knees ;  then  after  some  months,  or  even  ye^rs,  involve^i  the  hands 
and  forearms,  and  always  affected  the  distal  more  than  the  proximid 
portions  of  the  limb.  Trophic  lesions  resembling  chilblains  wear© 
ol)served.  Eleetrotonus  was  abolished  below  the  knees^  and  paartial 
reaction  of  ilegeneration  wiis  seen  elsewhere.  The  knee  jerks  wex^ 
not  abolished.  Boss"*  believes  that  the  ty[>hoid  poison  shows  a 
special  [predilection  fi>r  the  i:»eroneal  and  anterior  tibial  nerves. 
Autopsies  made  by  Virchow,  Oppenheimer,  Friedreich,  and  oihers 
have  disclosed  in  cases  of  this  peroneal  tjpe  an  interstitial  neuritis, 
I  have  rejiorknl  a  ease'"*  in  which  the  symptoms  of  peripheral 
neuritis^  well  marked  in  the  ijeroueal  muscles,  although  not  confiDed 
to  them,  followed  a  prolonged  attack  of  typhoid  fever.  This  peroneal 
type  of  muscular  atropliy  has  l>eeu  ascribed  usually  to  a  peripheral 
neuritis.  There  are  some  difficulties,  however,  in  the  way  (4  tu?oe|ii- 
ing  this  view.  In  some  eases  the  presence  of  fibrillation,  the  absenoe 
of  amFsthcHia,  the  preseiTation  of  the  tendon  reflexes,  and  tJie  partij^ 
character  of  the  electrical  changes,  are  not  altogether  in  favor  of  the 
view  that  the  (>eripheral  nerves  are  always  or  alone  in  fault  Stilly 
the  result  of  autopnies  has  proved  nncloubtedly  that,  iu  some  of  these 
cases  at  least,  tlie  lesion  is  a  neuritis,  especially  well  marked  in  the 
peroneal  nerve,  but  not  confined  to  it,  as  the  ulnar  and  some  other 
nerves  are  e<iually  involved. 

Inflammation  of  the  iM>roneal  ner^^e  causes  flaccid  paralysis  with 
degeneration  in  the  affected  muscles.  The  reactions  of  degeueradon, 
as  a  nde,  are  prtmiptly  established. 

The  irrdhneut  is  iu  accord  with  that  already  ouUined  in  other 
portions  of  this  paper  for  peripheral  neuritis.  Massage,  electricity, 
ami  the  internal  administration  of  strycknine  are  the  most  approved 
remedies. 

Biseases  of  the  Internal  Popliteal  Nerve. 

This  nerve  is  the  larger  of  the  terminal  branches  of  the  great 
sciatic.  It  sends  branches  to  the  knee-joint,  and  farther  in  its  coarse 
is  called  by  anatomists  the  posterior  tibial  nerve.  It  supplies  espe* 
cially  the  flexor  muscles  of  the  foot  and  toes ;  also  the  integument  of 
the  sole  of  the  foot  and  the  outer  part  of  the  back  of  the  leg,  and 
possibly  the  skin  of  the  iom.  But  this  sensory  distribution  a]»i)4>ars 
to  vary.     The  muscles  supplied  by  the  internal  i)opliteal  nerve  are 
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the  sastrocnemitis,  plantaris,  soleus,  poplitens,  tibialias  posticus, 
flexors  of  the  toes,  and  the  various  muscles  of  the  sole  of  the  foot. 
An  obBtnictiye  lesion  of  the  nerve  consequently  causes  great  disa- 
bility in  the  movements  of  the  leg  and  foot.  The  foot  cannot  be 
flexed*  at  the  ankle,  and  talipes  calcaneus  results.  Anaesthesia  is 
distribated  especially  on  the  outer  and  lower  part  of  the  back  of  the 
leg  and  on  the  sole  of  the  foot.  This  nerve  is  seldom  if  ever  paralyzed 
alone.  Wounds  and  other  injuries  to  it  must  be  extremely  rare, 
as  I  liave  been  able  to  find  no  reference  to  instances  of  them. 

The  treatment  is  the  same  as  that  indicated  for  paralysis  of  the 
external  x>opliteal  nerve. 

The  Fourth  and  Fifth  Sacral  and  the  Coccygeal  Nerves. 

These  nerves,  the  last  in  the  spinal  series,  do  not  enter  into  the 
formation  of  the  sacral  plexus,  except  the  fourth  sacral,  which  sends  a 
small  branch  to  that  plexus.    The  fourth  sacral  nerve  is  the  most  im- 
portant of  these  nerves,  since  it  supplies  the  levator  ani,  coccygeus,  and 
sphincter  ani  muscles.    It  also  sends  branches  to  the  viscera  within 
the  pelvis,  and  communicates  with  the  sympathetic  system,  entering 
into  the  formation  of  the  hypogastric  plexus.    It  supplies  sensory 
filaments  to  the  skin  back  of  the  anus.    The  fifth  sacral  nerve  sup- 
plies the  skin  over  and  to  the  side  of  the  coccyx  and  supplies  the 
ooccygeus  muscle.    The  coccygeal  nerve  exists  sometimes  in  only  a 
rudimentary  state.     It  is  distributed  to  the  skin  and  fibrous  tissue 
about  the  coccyx. 

These  nerves  are  seldom  involved  in  a  distinct  peripheral  lesion. 
They  may  be,  and  very  commonly  are,  injured  in  lesions  of  the  cauda 
equina.  In  the  cases  of  injury  to  the  sacral  plexus  by  tumors  or 
inflammatory  exudates  within  the  pelvis,  these  nerves  are  not  com- 
monly involved.  This  is  true  especially  of  the  pueri)eral  cases,  in 
which  the  chief  symptoms  occur  in  the  course  of  the  great  sciatic 
nerve.  In  such  cases  paralysis  of  the  muscles  of  the  anus  is  not 
commonly  seen.  Bare  cases  may  occur  in  which  a  limited  lesion 
at  the  very  lowest  portion  of  the  spinal  cord,  i.e.,  involving  the 
last  two  sacral  and  the  coccygeal  segments,  may  closely  simulate 
peripheral  disease  of  these  nerves.  Thus  Starr*"  relates  the  case  of 
a  young  woman  who  was  suddenly  seized,  after  overexertion,  with 
pain  in  the  sacral  region  and  down  the  back  of  the  legs,  with  retention 
of  urine  and  fseces,  and  with  total  anaesthesia  of  the  vulva,  vagina, 

*I  use  the  terms  flexion  and  extemion  of  the  foot  in  their  strictly  physiological 
KDse.  The  various  muscles  of  the  group  supplied  by  the  internal  popliteal  nerve 
are  properly  flexors,  and  are  analogous  to  the  flexors  in  the  foieann. 
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and  periDeiim^  and  of  the  limited  ovuid  area  on  the  iimer  side  of  tim 
buttock)  wliicli  i^  innervrited  from  the  fourth  and  fifth  sacral  HftnnnMiJii. 
There  were  no  true  paralyses,  no  atrophy  of  muscles,  no  reactions  of 
degeneration,  no  electrical  changes.  In  this  case  the  very  ilistiDctly 
localized  and  outlined  area  of  anaesthesia  and  the  involvement  of  the 
bhulder  and  rectum  without  i»aralysis  of  any  uther  muscles,  slioweil 
conclusively  that  the  lesion  must  have  involved  either  the  last  two  sacral 
and  C4:x!cyi^eal  nerves,  or  their  r<x)ts  within  tlie  cauda  e<iuiuA,  or  tbeir 
lioints  of  origin  within  the  spinal  cord.  The  fact  that  the  lesion  hiul 
come  on  suddenly,  and  e8|>ecially  that  it  waa  bilateral  and  syrametri- 
Cfil,  and  the  absence  of  any  recognissable  leeion  within  the  pelvis^ 
pointed  clearly  to  a  disease  of  the  spinal-cord  segments  ratlier  than 
of  the  roots  within  the  cauda  equina  or  the  nerves  within  the  pelTia, 
The  sudden  ons€^t  of  the  sjmptoms  in  a  young  j^erson  after  oinorasar- 
tron  iudicated,  but  did  not  prove,  the  iireseoceof  a  spinal  hemorrhage 
limited  to  the  cord  at  ami  below  the  fourth  sacral  segment. 

Lesions  of  these  nerves  wnthin  the  |>elvis  would  likely  be  unilate- 
ral, or  if  bilateral  they  would  not  present  this  a[>i»eiirance  from  the 
beginning — in  other  words,  the  sympiiams  would  probably  begin  on 
one  aide  and  pass  later  to  the  other.  The  symptoms  of  involvement 
of  the  last  two  sacral  and  coocygeal  nerves  are  ])aralysis  of  the  blad- 
der and  rectum,  and  anaesthesia  over  the  posterior  pari  of  the  sacrum, 
the  anus,  jwriueum,  and,  in  women,  the  vulva  and  vagina*  In  the 
paralysis  of  the  bladtler  which  results  the  detrusive  [>ower  is  abolished 
and  the  use  of  the  catheter  is  demanded.  If  the  bladder  becomes 
greatly  distended  it  may  overflow,  and  a  constant  dribbling  of  urine 
may  result,  which  may  deceive  an  inexperienced  observer  into  the 
Ix^lief  that  the  bl?idder  is  not  paralyzed  in  its  detrusive  but  in  its  rtt- 
taining  [jowen  Paralysis  of  the  sphincter  ani  muscle  leads  eventually 
Uy  an  involuntary  escape  of  fieces.  In  the  early  stages  of  these  < 
however,  there  may  be  obstinate  retention  of  ftecee,  requiring  tiie  i 
of  enemata. 

The  treatment  of  these  cases,  as  of  all  cases  in  which  the  bladder 
and  rectum  are  paralyzed,  recjuires  great  care,  esi>eeially  with  regard 
to  these  ot^ans.  The  use  of  the  catheter,  in  all  forms  of  nervous 
disease  entailing  paralysis  of  the  bladder,  carries  with  it  a  distinct 
peril  to  the  patient.  This  peril  arises  from  the  possibility  of  se|itic 
infection,  causing  purulent  cystitis  with  all  its  attendant  evils,  I  have 
eeen  several  cases,  in  my  wards  at  the  Philadelphia  Hospital*  of 
lesions  of  the  spinal  cord,  causing  paralysis  of  the  bladder,  in  which 
the  death  of  the  patient  could  be  directly  and  distinctly  traced  to  the 
use  of  this  instrument.  These  accidents  happen  in  spite  of  the  utmost 
core  on  the  part  of  physicians  and  nurses  to  observe  a  rigid  asepsis. 
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It  is  erident  that  in  these  cases,  for  some  reason,  the  resistant  x)ower 
of  the  bladder  is  impaired,  probably  because  its  nntritive  or  trophic 
functions  are  interfered  with.     Consequently  the  irritation  of  the 
catheter  is  much  more  likely  to  be  followed  by  a  chill  and  the  evi- 
dence  of  septic  infection  in  these  patients  than  in  healthy  men  and 
women.    It  is  astonishing  in  some  instances  with  what  promptness 
and  rapidity  the  patient  will  succumb  to  the  ravages  of  this  compara- 
tiTely  harmless-looking  instrument.     I  recently  saw  a  young  man  with 
constitutional  lead   poisoning,  which   had   induced  partial  paraly- 
sis of  the  arms  and  legs,  complete  secondary  optic  atrophy,  and  a 
marked  lead  dyscrasia,  present  symptoms  of  septicaemia  within  a  few 
days  after  the  commencement  of  catheterization.     This  patient  died 
with  all  the  symptoms  of  septic  poisoning,  and  at  the  autopsy  an 
extensive  nephritic  abscess  was  found,  which  had  evidently  resulted 
from  a  primary  infection  of  the  bladder.     With  these  facts  in  mind, 
it  seems  that  the  practitioner  must  always  view  with  concern  the 
need  of  the  catheter  in  paralysis  of  the  bladder,  and  must  realize  the 
necessity  for  rigid  asepsis  and  care  in  its  use.     Although,  as  already 
said,  cases  of  paralysis  of  this  organ  from  localized  disease  of  the  last 
two  sacral  nerves  in  the  pelvis  are  rare,  yet  this  seems  an  appropri- 
ate place  to  emphasize  the  dangers  that  arise  from  catheterization  in 
all  cases  of  paralysis  of  the  bladder. 

BiseaseB  of  the  Cauda  Equina. 

The  Cauda  equina  is  the  leash  of  nerve  roots  lying  within  the 
spinal  canal  and  extending  from  the  lumbar  and  sacral  segments  of 
the  spinal  cord  to  the  foramina  by  which  the  respective  nerves  make 
their  exit  from  the  spine.  In  other  words,  the  cauda  equina  is  com- 
posed of  the  roots  of  the  lumbar,  sacral,  and  coccygeal  nerves.  Some 
of  these  roots  are  very  long,  since  they  extend  from  the  lumbar  or  sa- 
cral segments  of  the  cord  to  their  respective  foramina  low  down  in 
the  spinal  canal.  As  they  are  composed  of  the  axis  cylinders  of  the 
peripheral  motor  and  sensory  neurons,  they  belong  proi)erly  to  the 
peripheral  nervous  system,  and  therefore  their  diseases  will  be  de- 
scribed here  briefly.  In  one  imx)ortant  resx)ect,  however,  they  have 
some  characteristics  of  the  central  structures  of  the  nervous  system, 
if.,  they  are  envelox)ed  in  the  meninges.  Consequently  they  are 
subject  to  some  diseases,  eex)ecially  meningitis  and  the  neoplasms 
which  grow  in  the  meninges,  that  properly  belong  to  the  central  ner- 
vous system. 

The  nerve  roots  composing  the  cauda  equina  may  be  involved  in 
numeroas  disease  processes  and  in  a  variety  of  accidents.    Meningitis 
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of  syphilitic  origiii,  although  not  so  comnLon  in  this  region  ag  1 
in  the  cord,  nevertheless  oecasioually  implicates  the  eauda  eqK 
Intraspinal  tumors  also  occur  in  the  cauda  etjuina.     Thus  W.  ^ 
Fisher'"*  has  reported  a  case  of  a  lobulated  tumor  growing  i 
pia  mater  at  the  lower  end  of  the  spinal  canal,  which  wag  su 
by  the  nerves  of  the  cauda  equina.     Gowers'"  has  reported  a  ( 
myolipoma  attached   to  the  conns  meduUaris,   in  which  the 
roots  of  the  cauda  etjuina  were  embedded*     Hemonhages  withiil 
spinal  membranes  may  also  involve  this  leash  of  nerves.    Such  I 
orrhages  are  not  infrequently  cansed  by  accidents,  such  as  a  M  J 
a  height,  in  which  the  patient  strikes  upon  the  bnttocka.    Som| 
these  eases  are  associated  with  fracture  of  the  vertebrte,  bat  tliii  \ 
not  necessarily  so  in  every  case.     Purulent  infections  of  the  lower  a 
of  the  spinal  canal  occasionally  occur.     In  one  such  case  imderi 
own  care  the  infection  apparently  arose  directly  from  an  ima 
sloughing  bedsore  over  the  sacrum.     The  patient  had  been  bedrid 
from  a  non-purulent  myelitis,  high  in  the  dorsal  cord.     This) 
had  no  direct  connection  with  the  purulent  infection  of  the< 
erjuina,  except  that  it  had  induced  the  bedsore,  which  had  < 
turn  the  infection  of  the  lower  end  of  the  cord. 

A  brief  consideration  in  detail  of  some  points  in  the 
of  the  cauda  equina  and  lower  end  of  the  spine,  is  essential  1 
right  understanding  of  tlie  lesions  of  this  portion  of  the  ne 
system.     These  lesions  have  been  studied  with  care  and  intel] 
only  in  recent  yearH,  and  we  have  even  yet  not  accixrauiated  soffit i**) 
data  t4i  1  permit  ns  to  draw  ]>ositive  conclusions  in  all  eases.     Tlie  mts 
imjiortimt  of  these  cases  for  diagnosis  and  treatment  are  thrise  tMj 
result  from  accidents.     These  are  not  very  imcommon.     In  our  1 
clinical  service  at  the  Philadelphia  Hospital  I  have  seen  during  t 
lawt  ten  years  a  comjiaratively  large  number  of  cases  of  injuries  to  tbil 
cauda  Cfjuina.     They  are,  however,  sufficiently  rare  in  general  ] 
to  cause  them  to  lie  per^dexing  and  troublesome  cases  to  the 
ciau.     In  tlie  first  place,  it  is  well  to  recall  that  the  lower  end 
spinal  column  is  tlie  most  massive  portion  of  that  structun*, 
that  it  is  jrrotectetl  by  large  muscles.     Consequently  it  is  the 
least  liable  to  fractures.     The  only  injuries  that  are  likely  to 
fractures  of  tliese  bones    are    crushing  and  compressing  sf^'^""^ 
Thus  the  fall  of  heavy  weights,  as  masses  of  earth,  coal,  ' 
cause  such  fractures.     Compression  between  the  bumpers  of 
as  I  knew  in  one  instance,  l>i?tweeu  a  canal  boat  and  the  side 
may  also  fracture  the  vertebra^  of  this  region  of  the  spine, 
not  necessary  that  fracture  of  the  vert^brie  should  be  prese 
to  constitute  a  very  grave  lesion.     Rupture  ot  blood-vs« 
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lacerations  of  the  membranes  may  occur,  without  fractures,  as  results 
of  violent  concussion.  These  lesions  are  rather  more  common  in 
the  lumbar  and  sacral  regions  than  are  fractures  of  the  vertebrse. 
The  accidents  that  are  peculiarly  liable  to  cause  them  are  falls  from 
great  heights,  especially,  I  have  thought,  when  the  patients  are 
heavy  individuals  and  when  they  light  upon  the  feet  or  upon  the  but- 
tocks. 

There  seems  to  be  some  special  reason  why  these  meningeal  hem-* 
orrhages  a£fect  particularly  the  region  of  the  lumbar  enlargement 
and  the  cauda  equina.     It  is  possibly  due,  in  part  at  least,  to  two 
causes.     In  the  first  place,  the  direct  effect  of  concussion,  when  the 
patient  lights  upon  the  feet  or  buttocks,  is  felt  most  in  the  lower 
dorsal  and  lumbar  regions.     Secondly,  the  blood-vessels  are  probably 
not  so  well  supported  in  this  lower  region,  since  they  have  not  the 
solid  support  of  the  spinal  cord.     There  is  also  possibly  a  third 
reason:  the  blood,  even  when  it  escax)es  above  the  upper  level  of  the 
Cauda  equina,  would  tend  by  gravity  to  run  down  within  the  mem- 
branes and  to  cause  clots  to  form,  which  would  make  permanent  com- 
pression upon  the  nerve  roots.     This  seems  to  be  indicated  not  only 
theoretically,  but  also  from  the  clinical  facts  as  they  are  observed. 
Thus  the  i)ermanent  symptoms  of  ansBsthesia  and  paralysis  do  not 
always  api)ear  instantly  at  the  time  of  or  just  after  the  accident. 
Many  hours  sometimes  elapse  before  the  symptoms  of  compression 
are  i)ennanently  established.     In  one  case  reported  by  Mills,*"  in 
a  man  aged   forty-four — who  while  carrying  a    hod   fell   from   a 
scaffold  twenty-five  feet  to  the  ground — fifteen  hours  elapsed  before 
normal  sensation  and  motion  were  abolished.     Such  a  case  can  be  ac- 
counted for  only  ui>on  the  hypothesis  that  some  slowly  acting  cause 
with  cumulative  effects  was   taking  place.     This  could  only  be  a 
hemorrhage.     This  might  not  necessarily  be  a  very  copious  flow  of 
blood,  but  only  a  slight  oozing  or  trickling  fi'om  a  few  small  blood- 
Tessels.     In  the  course  of  a  few  hours  the  blood  could  so  fill  up  the 
lower  end  of  the  spinal  canal  as  to  cause  very  destructive  pres- 
sure on  the  delicate  nerve  roots  constituting  the  cauda  equina.     In 
some  of  these  cases,  no  doubt,  there  is  injury  also  to  some  of  the  seg- 
ments of  the  lumbar  and  sacral  cord.     The  difficulty  often  is  to  dis- 
tinguish these  lesions  apart.     An  injury  to  a  lumbar  or  sacral  seg- 
ment will  necessarily  cause  symptoms  almost  identical  with  those 
caused  by  injuries  to  the  nerve  roots  arising  from  these  segments.     It 
is  in  this  one  respect,  perhaps,  that  we  are  still  at  a  disadvantage  in 
not  having  accumulated  more  data  in  these  cases. 

A  second  point  of  importance  is  to  estimate  the  location  or  dis- 
tribution of  the  lesion  with  reference  to  the  exit  of  the  various  nerves 
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througli  their  i^espective  foramina  from  tL©  spinal  canal.    The  c 
equina,  it  must  be  recalled,  is  about  six  inches  in  length,  e«tin 
from  the  extreme  tip  of  the  spioal  cord  (the  conns  mednUam)  b| 
exit  of  the  last  coccygeal  nerve.     Its  component  roots,  howeTer,  i 
of  coume,  above  this  level,  and  they  are  necessarily  not  all 
same  length.     Each  pair  of  lumbar  and  sacral  nerve  roots  is  aa  1 
as  the  distance  from  their  respective  segments  to  their  for 
exit.     Consequently  the  lower  roots  have  the  longer  couise. 
important  point  to  recall  in  this  connection  is  the  fact  that  tliesei 
have  different  levels  of  exit,  and  consequently  some  may  be  inn 
in  a  lesion  from  which  others  may  escape  entirely,     Tbtifi  a  1 
clot  settling  and  organizing  low  in  the  spinal  canal  might  onJy  i 
compression  upon  the  last  two  sacral  nerve  roots  as  they 
and  emerge  low  down  in  the  camil>  while  the  upi>er  sacral  and 
lumbar  nerve  roots  would  eacai>e,  owing  to  the  fact  that  they  < 
above  the  seat  of  the  lesion.     This  fact,  it  may  be  said*  doD 
as  it  were,  the  topography  of  lesions  of  the  cauda  equina.    Thel 
these  lesions  the  more  contracted  is  the  field  of  their  sympfa 
With  each  additional  level  involved  an  additional  pair  of  nerve  i 
is  implicated,  and  the  field  of  the  symptoms  consequently  br 
out  more  and  more  the  higher  the  lesion  ascends.     This  pr 
amounts  to  the  same  thing  as  including  within  each  additional  1 
additional  segments  of  the  sacral  and  dorsal  cord.     From  this  i 
arises  the  difficulty,  already  referred  to,  of  distinguishing  i 
lietween  lesions  purely  of  the  cauda  equina  and  those  that  are  1 
strictly  to  the   cord  itself.     From   the  tables  already  given 
25(>)  it  will  be  seen  what  sensory  and  motor  neurons  are 
with  the  various  se^^ments  of  the  lumbar  and  sacral  regions  of  I 
cord,  and  coiLsequently  what  sensory  and  motor  functions  most ! 
paralyzed  in  lesions  invohing  the  various  segments.     It  is  pawill 
in  fact,  or  even  probable  that  in  many  cases  of  meningeal  hemo 
both  the  segments  of  the  cord  and  some  of  the  various  strands  cf  I 
cauda  equina  are  conjointly  involved.     In  their  efforts  at  refinei 
in  diagnosis  clinicians  may  perhaps  seek  to  distinguish  too  doginafr  I 
cally  between  lesions  of  these  two  structures,  i.e.,  the  lumbar  < 
meut.and  the  cauda  equina. 

The  sympfoms  of  diseases  or  injuries  of  the  cauda  equir' 
usually  what  may  be  called  a  distinctly  segmental  type; 
say,  they  appear  in  groups  in  well-defined  areas.  The 
lesion,  the  smaller  and  more  contracted  is  the  area  of  t 
toms.  The  higlior  we  ascend,  as  segment  after  segment  ije 
area  of  the  s\  mi>toms,  as  it  were,  broadens  out.  Thus,  b^ 
the  lowest  segment,  we  can  theoretically  Buperimx>o6&  om 
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upon  anoiher,  and  represent  diagrammatically  each  of  the  gradually 
increaaing  areas  of  the  symptoms.  In  a  lesion,  for  instance,  of  the 
fourth  and  fifth  sacral  semnents  or  of  the  nerve  roots  running  from  them 
in  the  canda  equina,  the  area  of  anesthesia  is  as  shown  diagrammati- 
caUy  in  Fig.  36.  This  area  includes  also  the  perineum  and  the 
genital  organs.  With  this  anesthesia  there  is  always  associated  more 
or  lees  paraly&is  of  the  bladder  and  rectum. 

When  the  lesion  involves  the  third  sacral  segment  or  its  nerve 


lis.  as.— ATM  of  AnoBsUiesia 
from  a  Lesion  of  the  Fourth 
•nd  nf th  Sacral  Sefnnenta. 
(BUrr.) 


Fio.  80.— Area  of  AnaBetheela 
from  a  Lesion  of  and  below 
the  Third  Sacral  Segment, 
or  the  Nenre  Roots  below 
this  Segment.    (Starr.) 


Fio.  87.— Area  of  AnsBeUiesia 
from  a  Lesion  of  and  below 
the  Fifth  Lumbar  Segment, 
or  of  the  tierre  Roots  from 
and  below  this  Level.  (Starr. ) 


roots,  as  well  as  those  below  it,  the  area  of  anaesthesia  broadens  out, 
as  shown  in  Fig.  36.  With  this  is  associated,  in  addition  to  the 
paralyses  of  the  rectum  and  bladder,  paralysis  of  the  gluteus  maxi- 
mus  muscle. 

When  the  lesion  involves  the  fifth  lumbar  segment  or  its  nerve 
Toots,  as  well  as  those  below  it,  the  ansesthesia  is  as  shown  in  Fig. 
37.  At  the  same  time,  in  addition  to  the  paralyses  already  men- 
tioned, there  will  be  loss  of  power  in  the  outward  rotators  and  flexors 
of  the  knee,  flexors  of  the  ankle,  peronei,  and  extensors  of  the  toes. 

If  the  lesion  extends  as  high  as  the  third  lumbar  segment,  the 
area  of  anaesthesia  is  as  shown  in  Figs.  38  and  39.  At  the  same  time 
the  paralysis  will  extend  to  the  abductors  and  adductors  of  the  thigh, 
the  tibialis  anticus,  and  the  peroneus  longus,  but  will  not  involve  the 
quadriceps  extensor  (Mills,  Starr). 
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This  eegmental  distribuiiDE  of  the  symptoms  of  lesions 
lumbar  and  sacral  regions  of  the  cord^  or  of  their  nerve  roots 
Cauda  equina,  in  highly  characteristic,  and  needs  oulj  care  in 
minute  study  of  symptoms  for  its  determination.  In  this  studj 
area  of  anaesthesia  can  be  mapped  out  very  readily  by  means 
sharp  and  pointed  instrument  and  a  blue  lead  pencil.  In  determ 
the  muscles  involved  it  is  only  necessary  to  test  each  muscle  sepad 
and  thus  gradually  establish  the  group  paralyzed.     3y  then 


Fio.  SQ.^SAnie  as  Fig,  38,  Aatciior  Yle^. 
CStarrj 


Fio.  38.— Area  of  AuBfathesia  from 
a  Lesion  of  and  XvAow  the  Third 
Lumbar  Hetrineiit^  or  of  the 
Kerve  Koot^s  at  and  below  flilH 
Level.    (Starr.) 


paring  the  results  with  the  tables  given  on  paf^e  249,  a  diag 
of  the  seat  and  extent  of  the  lesion  can  be  established  with  grei 
curacy. 

Among  the  general  symptoms  of  all  these  lesions,  pain  is 
the  most  striking.     This  evidently  depends   upon  irritation 
sensory  nerve  roots,  and  consequently  may  occur  in  a  lesioji 
these  roots  at  any  imint  of  their  course.     Consequently 
present  in  a  legion  of  the  luml>ar  or  sacral  region  of  the  cc 
of  the  nerve  roots  distinctly  limited  to  the  canda  equina, 
tinction  which  some  anthora  have  sought  to  make  betweei 
classes  of  lesii  »ns,  with  respect  to  this  one  symptom,  pai 
sure,  not  a  reliable  one.     In  other  words,  there  is  no  reason^ 
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Sftid,  why  pain  should  not  be  present  in  any  irritative  lesion,  such  as 
is  prodnoed  by  tearing  of  the  meninges  and  pressure  of  a  blood  clot 
upon  the  nerve  root  anywhere  in  the  spinal  canal  below  the  upi)er 
level  of  the  lumbar  enlargement.  It  has  usually  been  present  in 
some  degree  in  all  cases  noted  by  me.  According  to  Thorbum/*' 
hyperasthesia  as  a  symptom  is  much  less  commonly  found  than 
the  text-books  indicate.  This  is  probably  due  to  the  fact  that  his 
cases  were  mostly  those  of  fracture  in  which  a  crush  and  compres- 
sion of  the  cord  itself  had  occurred.  In  such  a  case,  the  sensory 
pathways  upwards  in  the  cord  being  interrupted,  pain  would  not  be 
a  prominent  symptom.  Hence  this  symptom,  pain,  in  lesions  in 
the  lower  dorsal,  lumbar,  and  sacral  regions  of  the  spine  is  of 
relative  diagnostic  importance,  as  indicating  that  the  nerve  roots  are 
chiefly  involved  and  that  the  substance  of  the  cord  itself  has  not 
been  seriously  damaged. 

The  reflexes  in  lesions  of  the  cauda  equina  will  be  aflfected  accord- 
ing as  their  centres  are  located  in  the  affected  segments,  the  nerve 
roots  of  which  are  involved.  These  can  be  studied  by  reference  to  the 
table.  The  patellar  tendon  reflexes  are  usually  not  involved  in  any 
lesion  below  the  third  lumbar  segment.  It  may  occasionally  happen, 
in  fact,  that  from  the  extension  upwards  of  the  irritative  process  the 
knee  jerks  may  be  exaggerated.  The  genital  reflexes  are  usually  en- 
tirely lost.     Neither  priapism  nor  normal  erection  occurs. 

As  time  advances  the  skin  may  assume  a  glossy  hue,  as  seen  in 
cases  of  neuritis,  and  trophic  lesions  may  occur.  Bedsores  not 
uncommonly  form  and  seriously  complicate  the  case.  Paralysis  of 
the  bladder  may  lead  to  cystitis  and  ammoniacal  urine. 

The  paralysis  in  these  cases  is  of  the  flaccid  type.  The  affected 
mnsclee  degenerate  and  present  the  reactions  of  degeneration.  This, 
c^  course,  is  due  to  the  fact  that  the  lesion  is  essentially  peripheral, 
I.C.,  it  involves  the  axis  cylinders  of  the  peripheral  motor  neurons. 
Consequently  the  muscles  are  cut  off  from  their  trophic  centres,  the 
large  multipolar  ganglion  cells  in  the  anterior  horns  of  the  spinal 
cord.  The  lesion  acts,  therefore,  exactly  as  a  lesion  would  in  the 
course  of  a  nerve  trunk. 

The  peculiar  distribution  or  grouping  of  the  symptoms  of  hemor- 
rhage in  the  cauda  equina  is  well  illustrated  in  a  case  reported  by 
Mills*'*  from  the  neurological  wards  in  the  Philadelphia  Hospital. 
The  patient,  a  man  aged  forty-four,  bom  in  Ireland,  a  laborer,  fell  a 
distance  of  twenty-five  feet  and  lighted  on  his  feet.  From  the  begin- 
ning he  could  not  walk.  There  was  no  fracture  of  the  vertebrae.  For 
the  first  fifteen  hours  he  had  normal  sensation  in  his  legs,  and  he 
could  move  his  legs  up  and  down  as  he  lay  in  bed.  He  had  severe 
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paiD  ill  bis  back,  in  the  i^elvie,  and  in  the  gluteal  region.  At  the  ^nd 
of  fifteen  honrs  paios  and  eramjiB  in  the  left  f<xit  and  1«^  Bet  iu,  and 
the  leK  became  swollen  and  Ithie,  These  Bymptoms  then  appeared 
in  the  right  leg  and  both  legs  were  drawn  up,  t,f .,  ilexetl  at  the  kip 
from  cx>ntraction  of  the  qnadricei>B  extensor  muscle.  The  Ieg8  were 
so  paralyze*!  that  they  had  to  be  lifted  about  when  it  was  desiretl  to 
change  the  patient's  position.  Incontinence  of  urine  set  in  at  the 
end  of  fifteen  hours,  and  constipation  of  the  bowels  was  a  syiQp- 
t^im  ft>r  six  months,  after  which  occasional  inctintinem^  of  fmoes 
occurred.  Pnriesthetic  sympt4>ms  continued  for  a  long  while  in  this 
case,  but  pain  was  not  a  very  prominent  symptom.  The  iianostheeta 
consisted  of  a  tingliog  in  the  calves  and  jiosterior  i>art  of  the  thighs 
and  l>utt<>cks,  and  in  the  left  leg  of  a  sensation  of  a  stream  of  water 
flowing  down  the  inner  side  of  tlie  thigh  and  leg.  The  knee  jerka 
were  exaggerated.  In  this  case  the  anjestliesia  was  in  the  distribulioii 
of  the  small  sciatic^  piidic,  inferior  hemorrhoidal,  and  inferior  pudan* 
dal  nerves.  A  surrouoiliug  and  larger  zone  of  partial  auiestbesta  was 
observed.  The  c4iS6  thus  illustrates  the  important  |)oint,  that  a  larg^ir 
sosie  of  imperfect  auiesthesia  may  surround  the  smaller  zoue.  This 
indioaiee  tiiat  the  segment  or  the  pair  of  nerve  roots  jnat  above  those 
most  injured  were  also  partially  involved.  Tliis  fact,  which  is  an  im- 
portant one^  has  been  in  my  obsenation  too  generally  overlfiokeil  b? 
clinicians*  Analyzing  the  motor  symptoms,  we  find  that  the  aflfected 
mnscles  were  mostly  those  below  the  knee,  as  the  gastrocnemius* 
soleus,  posterior  tibial,  and,  in  a  minor  degree,  the  anterior  tibiaL 
This  distribution  of  symptoms  indicates  that  the  lesion  involved  roaaUjr 
tlie  lower  sacral  segments,  but  that  it  exteDdetl  upwards  with  irrt'f^nlar 
or  partially  destructive  effects  as  high  iK:»ssibly  as  the  fourth  or  even 
the  fifth  lumbar  segment. 

The  roots  of  the  eauda  etpiina  may  be  involved,  as  already  staled* 
m  acute  inflammatory  processes  not  the  results  of  accident.  Sypliilis 
and  septic  processes  may  cause  an  inflammation  of  the  membranea 
involving  the  roots  of  the  cauda  equina.  Bueh  patients  usually  suffer 
extreme  r>ain.  I  have  seen  a  case  presenting  distinct  symptoms  of 
inflammation  of  some  of  the  lower  strands  of  tlie  cauda  equina  as  a 
result  of  exposure  to  cold.     The  case  was  as  follows: 


J.  B^ — ,  an  able-bodied  Italian,  aged  40  years,  was  admitted 
to  ray  ward  in  the  Philadelphia  Hospital,  with  well-marked  raralysis 
of  the  lower  limbs.  Four  months  before  his  admission  he  had  been 
working  in  midwinter  in  a  railroad  tunnel,  where  he  had  been  eon- 
stantly  exposed  to  cold  and  wet.  He  had  no  history  of  alcoholism 
or  syphilis.  The  first  symptom  noted  had  been  shooting  pains  down 
the  legs;  at  the  same  time  he  began  to  lose  power  in  kis  legs,  Ilia 
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pan^ds  advanoiDg  rapidly.     On  admission  the  patient  Lad  paraly- 
sis of  certain  groups  of  muscles  of  the  legs  and  thighs.     Those  most 
affected  were  tlie  sural  and  peroneal  groups  and  some  of  the  thigh 
musdeBy  especially  the  hamstring  muscles.     There  was  not  complete 
paralysis,  however,  as  the  patient  was  able  to  flex  and  extend  his 
thighs  and  to  stand  with  support  and  to  walk  with  a  very  feeble  gait. 
He  had  the  characteristic  gait  that  is  caused  by  paralysis  of  the  ex- 
tensor muscles  of  the  foot;   he  dragged  his  toes  and  lifted  his  feet 
very  high.     In  other  words,  there  was  foot  drop.     The  symptoms  in 
the  legs,  in  fact,  closely  resembled  those  of  a  patient  suffering  with 
multiple  neuritis.    He  had  no  symptoms,  however,  above  the  waist, 
and    the   absence   of    multiple 
neuritis  was  further   indicated 
by  his  sensory  and  vesicoanal 
svmptoms.    The  paralyzed  mus- 
cles   were   atrophied   and    the 
knee  jerks  were  abolished. 
There    were    no    contractures. 
The    patient   swayed    slightly 
with  his  eyes   shut.     The  fa- 
radic  contractility  was  entirely 
abolished  in  all  the  muscles  of 
the  leg  and  the  posterior  thigh 
muscles.     The   quadriceps    ex- 
tensor  group   responded  slug- 
gishly to  strong  currents.     To 
galvanism  there  was  much  di- 
minished   contractility    in   the 
affected  muscles,  with  decided 
modal  change,  and  a  duration 
tetany  to  very  strong  currents 
was  obtained.    Serial  changes  were  well  marked.    The  CCC  was  less 
than  the  ACG  in  all  the  muscles  below  the  knees.     In  the  thigh  mus- 
cles the  CCC  was  equal  to  the  ACC.     It  is  thus  seen  that  the  patient  had 
complete  reactions  of  degeneration.     Sensation  was  affected  as  shown 
in  the  diagrams.     The  ansesthesia  involved  the  buttocks  and  extended 
in  a  strip  down  the  posterior  part  of  the  thighs  and  legs,  jjassing 
around  to  the  outer  anterior  aspect  slightly  on  the  thighs  biit  farther 
on  the  leg  and  including  the  dorsum  of  the  foot.     All  modes  of  sen- 
sation were  involved,  t.e.,  tactile,  thermal,  and  the  pain  sense.     The 
patient  at  this  time  had  no  pain  whatever.     The  bladder  was  paretic 
bat  not  totally  paralyzed.     The  man  had  difficulty  in  starting  the 
siream,  but  no  incontinence.     The  rectum  at  this  time  was  not  in- 
Tolved.     There  was  a  bedsore  on  the  right  buttock.     In  the  course  of 
two  months  the  jmtient's  condition  improved.     The  area  of  anaesthe- 
sia diminished,  the  right  knee  jerk   returned,  and  there  was  some 
sain  in  power.     Later,  however,  a  second  bedsore  appeared.     These 
oedsoreB  had  a  punched-out   appearance;    they  were  painless  and 
exceedingly  sluggish.     The  gait  improved  steadily  up  to  a  certain 
fioint,  but  the  foot  drop  continued  and  was  a  troublesome  feature. 
The  patient  had  a  device  for  overcoming  the  foot  drop,  by  tying  a 
bandage  about  the  ball  of  the  foot  and  passing  one  end  to  the  outer 


Fio.  40.  —Area  of  Anaesthesia  in  a  case  of  Neuritis 
of  the  Cauda  Equina.     (Philadelphia  Hospital. ) 
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and  the  other  to  the  inner  side  alx^ve  the  enlf  of  the  leg»  where  they 
were  fastened. 

Analysis  of  thi»  man's  symptoms  shows  that  the  lesion  probftblj 
extended  as  hi|<h  as  the  fourth  Inmbar  segment.  From  the  mode 
of  its  onset  and  its  ubvioos  cause,  it  was  probably  an  inflammAtioi^ 
of  some  of  the  lower  nen^e  roots  of  the  cauda  etiuina.  Id  the  at 
of  a  distinct  history  of  traumatism,  syphilis,  and  alcoholism, 
from  the  tlirect  history  of  exposure  at  hard  labor  in  a  cold  and  wet 
place,  it  seems  obvious  that  it  was  a  neuritis  due  to  the  action  of 
the  cold  and  wet. 

The  (ihiftiasiH  of  lesions  of  the  cauda  eejuina  Teniti  largely  U{Mm  the 
peculiar  segmental  distribution  <if  the  symptoms.  The  nature  of 
the  lesion  is  usually  clearly  indicat*»d  by  the  hist<j>ry  of  the  caM. 
The  majority  of  these  cases  ar©  of  traumatic  origin.  In  all  of  them 
the  sympti>ms  are  usually  bilateral  and  symmetrical,  Eiceptiona  to 
this  rule  might  occur  possibly  iij  cjises  of  tumor  compressing  the 
cHuda  e<|uina,  in  which  cases  the  first  symi)t<*ms  at  least  would  prob- 
ably be  unilateral.  In  most  cAses  of  lesion  of  the  cauda  e<iuinA  pain 
is  a  f^rominent  symptom  at  some  stjige  in  the  histtiry.  It  may  be 
well  marked,  however,  ooly  in  the  early  stages.  lo  the  case  just 
narrated  it  disapi)eared  after  the  lapse  of  a  few  weeks.  In  a  case  of 
purulent  infection  of  the  CAuda  ecjuina,  seen  by  me,  it  waa  a  well- 
marked  and  iiersisteiit  symptom  t*»  tho  very  end.  The  diseases  from 
which  Ujese  lesions  liave  to  be  differentiated  are  esi)eciaUy  myelitis^ 
lr>comotor  ataxia,  ami  i>eripheral  neuritis.  These  lesions  of  the 
cauda  e*iuina  are  best  differentiated  from  all  these  disc^ase-s  by  the 
j>eculiar  segmental  grouping  of  the  symptj:)m8.  In  myelitis  involving 
only  the  lumbar  and  sacral  segments,  however,  this  differentiation  is 
not  always  easily  made.  In  one  of  my  c^ses  in  the  PhiWlelphia 
Hospital  the  patient  presented  tjuite  distinct  segmental  symptoms,  and 
the  auto^isy  i*evealotl  a  diffused  myelitis,  with  white  softening,  extend- 
ing from  the  h>wer dorsal  jegmouts  to  the  tilum  ierminale.  It  involved 
some  strands  of  the  cauda  ecjuina.  There  were,  however,  no  reac- 
tions of  degeneration,  and  the  presence  of  fibrillation  in  the  moadee 
with  exaggerated  knee-jerks  and  the  aljsence  of  pain  admitte*!  of  a 
diagnosis  (which  was  made  befiire  death)  of  irregularly  diffnaed 
myelitis  of  the  lumbar  cord.  From  locomotor  ataxia  the  disease  is 
Uy  be  distinguished  especially  by  the  history  and  by  the  fact  that  in 
tabes  there  is  no  distinct  segmental  aniesthe^ia;  that  the  fulgurant 
pains  differ  in  type  from  tliose  of  neuritis;  that  the  musc)eB»  at  least 
in  the  early  stages,  are  not  paralj-zed  and  degeoerated;  that  inco* 
ordination  is  well  marked,  and  that  eye  symptoms  are  usually  pres- 
ent.     Multiple  neuritis  does  not  involve  the   legs  alone,  and  the 
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paralysis  of  the  leg  muscles  in  this  disease  is  not  confined  so  dis- 
tinctly to  certain  segmental  groups  as  in  the  cases  of  lesions  of  the 
Cauda  equina. 

The  treatment  of  these  cases  dex)ends  largely,  of  course,  upon  the 
cause.  In  traumatic  cases,  in  which  there  is  good  reason  to  believe 
that  hemorrhage  has  occurred  and  that  a  blood  clot  is  pressing  ui)on 
the  nerve  roots,  the  only  rational  treatment  is  to  trephine  and  evacu- 
ate the  blood.  This  is  often  a  difficult  question  to  determine.  Much 
deiiends  upon  an  exact  diagnosis  of  the  lesion  and  its  location.  If 
good  is  to  be  obtained,  the  operation  should  be  performed  as  soon  as 
possible  after  the  accident.  In  saying  this  much,  however,  I  do  not 
intend  to  recommend  rash  and  hasty  ox)erative  interference  in  these 
cases.  The  question  can  only  be  decided  on  its  merits  in  each  indi- 
vidual case  in  consultation  with  a  conservative  surgeon.  The  treat- 
ment of  these  cases  with  drugs  is  usually  most  unsatisfactory.  In 
spite  of  time  and  rest  and  careful  nursing,  the  patients  are  only  too 
likely  to  be  permanently  impaired.  Not  a  few  of  them,  in  fact, 
perish  ultimately  from  exhaustion  and  from  septicemia  due  to  bed- 
sores. In  later  stages  in  cases  in  which  the  patients  show  a  tendency 
to  improve,  massage  and  electricity  with  appropriate  nerve  tonics 
may  be  used.  Bedsores  should  be  treated  with  the  utmost  care  and 
with  due  regard  to'asepsis. 


MXJIiTIPLE  NEUBITIS. 

Definition. 

Multiple  neuritis,  or  i)olyneuritis,  or  peripheral  neuritis,  is  an 
inflammation  of  a  few  or  many  nerves  more  or  less  limited  to  their 
peripheral  distribution.  Before  entering  into  a  description  of  this 
disease  it  is  desirable  to  explain  and  limit  the  term  so  as  to  bring  it 
within  the  meaning  now  generally  accepted  by  neuropathologists. 
All  inflammatory,  and  especially  all  degenerative,  processes  involving 
the  peripheral  neurons  are  not  necessarily  included  in  this  term.  As 
Babinski  *"  has  well  pointed  out,  degenerative  and  inflammatory  proc- 
esses of  nerves  may  be  divided  into  two  classes.  The  first  of  these 
pertain  to  those  processes  which  depend  upon  lesions  of  the  nerve 
centres  themselves.  Thus  an  inflammation  of  the  anterior  horns  of 
ttie  spinal  cord,  in  which  are  contained  the  cell  bodies  of  the  periph- 
eral motor  neurons,  will  cause  parenchymatous  degeneration  in  the 
nerve  trunks;  but  such  a  disease  is  not  properly  included  with 
instances  of  multiple  neuritis.  The  second  class  includes  instances 
of  neuritis  properly  so  called  which  are  peripheral  and  primary.     In 
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these  cases  the  nerves  are  attacked  primarily  in  their  trunks 

tributions,  and  not  secondarily  to  an  inflammatory  process  ii 
trophic  centres.     This  inflammation  is  more  marked  in  the  peru    :, 
of  the  nerves  and  tends  to  diminish  towards  the  nerve  centrefi,  «rlii4 
as  a  rule,  are  little  if  at  all  inflamed.     It  is  proper  tn  state  3' > 
however,  that  even  in  this  class  of  time  peripheral  neuritis  aathi  r  i  ? 
diflFer  as  to  the  exemption  of  the  trophic  centres.     This  ckw  &    f'- 
subdivided,  therefore,  into  first,  those  cases  which  have  an  eit^nui 
cause,   as  ti'iinum,  com[Tression,   etc.,   and  which   are  miJoalitj^Sr 
truly  peripheral  in  orij^in  and  course;  and  secoud,  into  an  r 
ingly  large  class  in  which  the  cauMe  is  internal  and  is  usmu!^  i 
jM^ison  of  Bonie  nort  circulating  in  the  blood.     In  these  cases— ^LiA 
are  the  eases  proper  of  polyneuritis— some  authorities  claim  tl 
morbid  process »  though  most  marked  in  the  periphery  of  the  :  i  • 
is  nevertheless  not  limited  to  it  or  even  primary ;  but  that  the  ti  [iiic 
centres  of  the  neurons  (/.e.,  the  cell  bodies  proper)  are  also  iDTftWi 
by  the  poison  which,  in  fact,  acts  primarily  upon  them. 

Leaving  aside  for  the  moniout  these  complex  questions  in  pahM^ 
ogy,  the  terra  multiple  neuritis  may  be  limited  to  that  disease  pi 
which  is  set  up  in  the  trunks  and  distribution  of  a  number  of 
at  the  same  time,  and  is  caused  by  the  irritant  action  of  some 
sulxstance  circulating  in  the  blocxi.     Ab  a  consequence  of  this  ori| 
the  disease  is  usually  symmetrically  distributed,  although  its 
distribution   depends  in  a  measure  upon  the  particular  poison  ij 
action. 

A  second  question  of  importance  has  reference  to  the  partii 
structure  of  the  nerve  trunk  most  involved  in  the  iufiammator)' 
ess.      Two  chisses   are   here  recognizable.      First,   those 
which  thf>  nervi*  slioath  and  interstitial  connective  tissue  are  prii 
and  niijHt  in^nlved.     Second,  those  cases  in  which  the  infiammai 
l)r(*ce8s  is  locat^nl  especially  in  the  axis  cylinders.     The  first  fomi! 
called   intemtitial   neuritis;    the   second,    parenchymatous  ii*»i 
The  distiiuiioi)  between  these  two  varieties  is  a  purely  i>athol 
question  and  will  be  discussed  later  under  its  appropriate  bead. 

Tlip  history  of  the  recognition  of  multiple  neon 
moHt    impnrtant    chai^ters    in    modern    neuropathol 
almost  incredible  that  such  an  easily  recognized  b 
ease  should  for  so  long  a  time  have  escaped  r 
cians.     The  reason  for  this,  however,  is  " 
ease  was  uniformly  confused  with 
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were  not  unobserved  but  badly  observed,  and  their  morbid 
anfttomy  was  not  recognized  because  the  science  of  pathology  had 
not  advanced  far  enough  to  admit  of  a  recognition  of  diseased  struc- 
toieB  vrhich  are  now  open  to  the  scrutiny  of  all  experts  with  the 
microBoope.  As  is  so  often  the  case,  however,  the  pioneer  in  this 
field  had  few  followers.  The  disease  was  distinctly  recognized  and 
described  from  the  clinical  standi)oint  by  an  American  physician, 
Dr.  James  Jackson,'**  in  1822.  His  description  is  a  model  of  con- 
ciaeness  and  accuracy.  He  says  that  the  disease  arises  from  the  use 
of  ardent  spirits;  that  it  is  distinctly  marked  but  that  he  had  never 
seen  it  described.  He  had  seen  a  number  of  cases  mostly  among 
women,  and  for  want  of  a  better  name  he  proposed  to  call  the  disease 
arthrodjfma  a  potu.  Jackson  said  that  the  disease  commences  with 
pains  in  the  lower  limbs,  especially  in  the  feet,  and  afterwards  extends 
to  the  hands  and  arms.  He  called  attention  to  the  excruciating  pain 
and  the  acoomx)anying  distressing  feeling  of  numbness;  also  to  the 
fact  that  the  extensor  muscles  are  most  involved  and  that  the  flexor 
muscles,  manifesting  greater  i)ower,  cause  contractures.  He  spoke  of 
the  atrophy  of  the  limbs,  and  of  the  altered  appearance  of  the  skin, 
which  consists  ''in  a  great  smoothness  and  shining  with  a  sort  of 
fineness  of  the  skin."  His  description,  in  fact,  of  glossy  skin  is 
striking.  The  integuments,  he  says,  look  as  if  tight  and  stretched 
without  rugffi  or  wrinkles,  somewhat  as  when  the  adjacent  parts  are 
swollen.  Yet  this  apx)earance  he  says  is  not  due  to  an  effiision 
imder  the  skin ;  it  arises  from  some  change  in  the  integument  itself. 
He  distinctly  claims  that  the  paralysis  is  due  to  some  affection  of  the 
muscles  and  not  of  the  nerves  (i.e.,  nerve  centres  ?)  as  in  common 
paralytic  cases.  He  thus  nearly  recognized  very  shrewdly  the  com- 
monest seat  of  the  disease,  the  peripheral  distribution  of  the  nerves 
in  the  muscular  tissue;  but  he  gave  no  anatomical  demonstration  of 
this.  Finally,  he  recognized  the  altered  cerebral  state,  the  mental 
weakness  and  the  insomnia.  The  disease,  in  his  observation,  was 
fatal  if  the  use  of  spirituous  liquors  was  not  abandoned.  In  one  case 
he  effected  a  cure  after  six  months*  treatment,  illustrating  what  is  now 
so  well  known,  the  slow  and  chronic  course  of  the  affection. 

Soon  after  Jackson's  description  an  epidemic,  apparently  of  some 
form  of  multiple  neuritis,  was  observed  in  Paris  and  described  by 
Chomel,  quoted  by  Buzzard.*"  This  was  in  1828.  Graves  refers  to 
this  as  a  remarkable  example  of  disease  of  the  nervous  system,  com- 
mencing in  the  extremities,  **  and  having  no  connection  with  lesions 
of  the  brain  or  spinal  marrow."  Graves  saw  some  of  these  cases,  and 
states  that  the  disease  began  with  pricking  sensations  and  severe  pain 
in  the  hands  and  feet,  so  acute  that  the  patient  could  not  bear  these 
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parts  to  \m  trmched  by  the  bedclothee.  FinaUy,  ans^theaia  came  cm 
and  motor  paralyBis.  All  four  extremities  were  iuvolved,  BO  that  tbe 
l>ersou  lay  iti  betl  jjowerless  and  lielptess.  The  disease  ooDtinued  lor 
weeks  and  even  month b.  Act^ording  to  Qrayee,  "the  Ftench  patbol-^ 
logiflts  searched  aiixioualy  in  the  nerv'ons  oentres  for  the  cause  of  this 
atrau^s'e  disonlfr,  l>ut  eoiild  find  none.  There  was  no  evident  lesion, 
functional  or  organic,  discoverable  in  the  braiU|  cerebellum,  or  spinal 
marrow." 

Hum,  in  1852,  imd  Diiihenne'"  in  1855  undoubtedly  obeor\*ed  and 
described  cjises  of  multiple  neuritis,  but  without  reeogniziug  the  true 
nature  of  the  disorder.  The  former  writer,  according  to  Starr/" 
gave  a  ilescription  of  tlie  nervous  symptoms  in  chronic  ak)ohol* 
ism,  but  »iscril>ed  them  to  lesions  in  the  centnd  ner\*oos  system. 
Duchenue  inclnded  these  cases  distinctly  in  a  spinal  group  under  the 
term  of  "jiscending  subacute  general  stunal  pandysis,"  in  spite  of 
the  fact  that  in  a  case  in  which  he  made  an  autopsy  there  were  no 
gross  changes  observable  in  the  ct>rd.  It  thus  ap{ieara  that  neither 
Hubs  n*jr  Ducheruie  can  receive  credit  for  having  thrown  light  npon 
the  true  jiathology  of  midtiple  neuritis.  They,  in  fact,  did  noi 
advance  so  far  even  as  the  American  physician*  Jackson,  thirty  years 
before  them,  nor  the  Irish  physician,  Oraves,  in  his  observations 
while  in  Paris. 

The  first  observer  to  demonstrate  the  true  pathology  of  multiple 
neuritis  was  und(nd>tedly  DuraeuiL'**  The  title  of  Dumi^nil*s  firal 
pai*er  sufficiently  indicates  his  cotiception  of  this  disease.  It  is  as 
follows:  "Paralysie  i>eriphcrifine  du  mouvement  et  du  sentament 
portant  sur  les  quatre  membres;  atropine  des  rameaux  nerveux  des 
parties  paralysees.*'  Duraenirs  first  observation  was  made  in  the 
case  of  a  man  seventy -one  years  of  age,  who  experienced  fiiBt  for  a 
period  of  two  weeks  tingling  senHtitions  in  the  toes.  These  were  fol* 
lowed  by  numbness  in  the  left  foot  aud  in  the  right  upper  Umh. 
Many  days  later  the  left  u[>per  limb  was  seized  and  finally  the  right 
foot  was  attacked  in  its  turn.  Wlien  the  disease  became  established 
the  symptoms  were  briefly  as  follows :  There  was  paralysis,  not  quite 
complete,  of  the  band  and  of  the  forearm,  especially  on  the  right  side; 
paresis  of  the  left  hand;  almost  complete  paralysis  upon  the  left 
side.  There  was  atrophy  of  the  muscles  of  the  forearm  and  espe* 
daily  of  those  of  the  hand.  Faradic  contractility  of  the  flexors  on 
the  right  side  was  abolished  and  on  the  left  side  was  diminished,  and 
of  the  muscles  of  the  thenar  eminence  and  of  the  interoasei  it  was 
abolished  on  both  sides.  There  were  areas  of  aniesthesia  in  tha 
hand.  The  toes  were  completely  paralyzed.  The  muscles  of  the 
legs  were  atrophied  and  their  faradic  contractility  was  abolished^ 
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There  was  some  anaesthesia  on  the  dorsum  and  sole  of  the  foot.  The 
patient  had  a  painful,  numb  feeling  in  the  paralyzed  limb.  Some- 
times the  painful  sensations  were  as  though  caused  by  the  pricking 
of  a  needle.  The  heart  beat  irregularly.  This  patient  died  in  two 
months  after  the  onset  of  the  malady  of  a  latent  pneumonia.  A 
microeoopical  examination  made  by  Dumenil  in  this  case  showed  the 
presence  of  pronounced  changes  in  the  nerves.  The  examination,  how- 
erer,  was  not  so  complete  as  it  might  have  been,  as  the  nerves  were 
not  examined  from  the  periphery  up  to  their  centres.  From  gross 
appearances,  however,  it  seemed  that  the  spinal  nerve  roots  and  the 
cord  itself  were  normal,  but  they  were  not  examined  microscopically. 
This  autopsy,  somewhat  imperfect  as  it  was,  is  noteworthy  as  being 
the  first  in  which  was  demonstrated  the  disease  now  known  as  mul- 
tiple neuritis.  It  may,  therefore,  justly  be  regarded  as  marking  an 
epoch. 

In  his  second  contribution  Dumenil  distinctly  asserts  his  con- 
viction that  many  paralyses  of  obscure  cause  have  their  origin  in 
tme  neuritis.  He  ascribes  the  neglect  of  this  subject  to  the  pre- 
occupation of  pathologists  with  affections  of  the  nerve  centres,  when- 
ever they  observed  a  trouble  of  sensibility  or  motion,  and  to  the  fact 
that  this  had  distracted  their  attention  from  diseases  of  the  peripheral 
nervous  system.  His  second  case  in  a  man  aged  sixty  -four  was  marked 
by  sensory  disturbances  in  the  feet  and  hands;  paralysis  of  the 
hands,  of  the  forearms,  and  of  the  feet  and  legs ;  inability  to  extend 
the  feet;  abolition  or  enfeeblement  of  faradic  contractility;  cutaneous 
anaesthesia;  pains  in  the  feet  and  legs;  swelling  of  the  phalangeal 
articulations ;  fusiform  swelling  of  the  fingers,  which  were  smooth  and 
shining.  These  symptoms  abated  after  some  months,  and  the  patient 
quit  the  hospital  much  improved.  The  diagnosis  of  multiple  neuritis 
in  this  second  case  of  Dumenil's  was  amply  justified  by  the  symp- 
toms, but  as  it  was  not  verified  by  an  autopsy,  the  case  itself,  of 
oourse,  has  not  the  imi)ortance  of  his  first  observation.  Whatever 
criticism  may  be  passed  upon  these  observations  of  Dumenil,  they 
did  not  receive  at  the  time  nearly  the  attention  that  they  deserved. 
The  consequence  was  that  the  more  general  recognition  of  this  im- 
portant disease  was  postponed  still  for  a  number  of  years.  For  a 
more  detailed  statement  of  this  interesting  subject  the  reader  may 
ooDSult  the  article  by  Babinski.'** 

In  1876  Eichhorst,  quoted  by  Babinski,  reported  a  case  under  the 
title  of  acute  progressive  neuritis,  which  resembled  Landry's  disease. 
At  the  autopsy  lesions  of  the  nerves  were  found,  while  the  spinal  cord 
was  nonmd.  This  observation  has  historic  significance  as  being 
probably  the  first  in  which  the  identity,  of  some  cases  at  least,  of 
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so-called   Landry 'h    pamlysis  with    multiple   uetiritiH  was   demon*, 
strated* 

The  next  importtint  paper  on  this  subject  wan  that  by  J<>ffn>y"" 
on  spontaueoiia  parenehyniatous  nenrltiH,  which  appeared  in  1879*1 
He  distin^^iiished  three  kinds  of  parenchymatous  neuritis,  ftod  thus 
advanced  the  wnbject  by  recognizing  and  clasftifying  a  variatj  ol 
causes.  The  first  of  theee  catwee,  according  to  Joffroy,  was  cold. 
He  l>i3lieved  that  the  action  of  cold,  eapecially  when  aaeociated  with 
a  rheumatic  diatliesis,  c-an  develop  neuralgias  which  are  dei^utlent 
upon  parenchymatous  nenritis.  The  most  remarkable  example  of 
this,  according  t-o  Joffroy,  is  sciatica.  The  second  caoae  of  paren- 
chymatous neuritin  wiLs  lead  poisoning.  In  this  oliser^'ation,  how- 
ever, Joffroy  hail  l)een  ]>receded  by  Charcot  and  Gombault.  Tlve 
third  cause,  following  this  writer,  was  infection  with  the  poisons  of 
such  diseases  eapeeially  as  typhoid  fever,  typhus  fever,  small-iKix, 
and  diplitheria.  The  merit  of  Joffroy 's  work,  as  already  said,  was 
tlie  recognition  of  a  variety  of  eauses  for  multiple  neuritis,  but  it  is 
extriMirdinary  that  among  these  causes  he  maile  no  mention  of  alcohol. 
He  recognized,  hijwt*vt*r,  the  action  of  tubercnloeia  in  causing  Ih^ 
diseast%  an  action  which  was  recognized  the  same  jear  inde|^»endeutly 
by  Eisenlohr, 

In  1871)  and  1H8(}  appeared  Ley  den's  classical  essays  ui>ou  this  sub- 
ject. Tliese  i»aiiers  advanced  the  subject  and  plac€Hl  it  upon  a  still 
more  secure  foundation.  This  observer  devoted  himself  to  a  detailtid 
description  l>c»th  of  tlie  symi»t<:jms  and  of  the  microacopical  api>ear- 
ances.  His  observations  were  based  upon  two  eases,  both  in  young 
men  in  whom  a  i paralysis  of  all  fmir  limbs  had  devtdojied.  This  pa- 
ralysis was  especially  marked  in  the  fingers  and  hands  and  toee  and 
feet.  The  paralysaetl  muscles  atrojdned  and  reaction's  of  degeneration 
were  present  in  them.  Tormenting  pains  were  exf»erienced  in  the 
paralyaed  limljs.  Ijeyden  noticed  also  the  hyiienesthesia  of  the  akin 
and  the  f>ain  caused  by  compression  of  the  muscular  tmmm.  Ha 
emphasized  the  fact  that  characteristic  symptoms  of  spinal  diseaaea 
were  absent,  eH|MHnall>  paralysis  of  the  bladder  and  rtMHiim,  batl- 
aores,  and  involvement  of  the  eye  muaclea  (Babinski) ,  Microacopical 
examination  in  Leyden's  caaes  revealed  characteristic  alh^ratioiUl  of 
the  nerves  without  iuvolFement  of  the  spinal  cord.  The  value  of 
Leyden's  observations  consisted  in  the  greater  detail  with  which  he 
gave  the  symptoms  of  the  disease  and  the  accuracy  and  futuesa  of 
his  histological  studies.  While  he  merely  followed  in  the  path 
already  so  clearly  indicated  by  Dumenil  and  pursued  by  JoffnM',  be 
haa  the  merit,  f>erhaf>s  more  than  any  other  author,  of  having 
aeenred  for  the  disease  a  recognized  place  in  nosology. 
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Among  British  writers,  special  mention  should  be  made  of  a 
paper  by  Grainger  Stewart."'  This  paper  is  noteworthy  as  the  first 
attempt  in  the  English  language  at  a  systematic  description  of  the 
disease  as  it  is  recognized  by  modem  pathologists.  The  paper  was 
based  upon  the  rex>ort  of  two  cases.  The  symptoms  in  these  cases 
were  in  the  main  similar.  Pain  and  numbness  in  the  extremities, 
followed  by  anesthesia  and  paralysis  were  the  chief  symptoms. 
Grainger  Stewart  also  called  attention  to  the  intermittent  character 
of  the  pain,  which  was  increased  on  pressure  and  handling ;  also  to 
the  glossiness  of  the  skin,  and  the  contractures  and  changes  in  the  elec- 
tric excitability  of  the  muscles.  He  did  not,  however,  appear  to 
recognize  fuUy  the  possible  alcoholic  element  in  his  cases.  One  of 
his  patients  died,  and  the  microscope  revealed  marked  changes  in  the 
median,  ulnar,  and  tibial  nerves.  There  was  destruction  of  the  axis 
cylinders,  which,  however,  was  only  apparent  in  the  trunk  of  the  nerve 
and  towards  the  periphery  and  not  towards  the  centres.  Thus  the 
brachial  plesms  was  exempt,  while  the  nerve  trunks  arising  from 
it,  just  mentioned,  were  the  seats  of  disease.  The  only  changes 
found  in  the  spinal  cord  were  in  the  colimins  of  QoW  and  the  posterior 
part  of  the  lateral  columns,  in  the  cervical  region  and  to  a  less  extent 
in  the  lumbar  enlargement.  The  roots  of  the  nerves  were  not  in- 
Tolved  and  the  gray  matter  in  the  cord  also  was  exempt. 

It  is  scarcely  worth  while,  or  even  possible,  in  this  place  to  trace 
the  history  of  multiple  neuritis  farther.  The  disease,  after  its  full 
recognition,  became  the  subject  of  innumerable  papers  which  now 
constitute  an  enormous  bibliography.  The  observations  of  clinicians 
and  pathologists  all  over  the  civilized  world  have  establistsd  tlie  fact 
that  there  are  numerous  varieties  of  the  disease  and  that  they  dej)end 
upon  many  causes. 

In  this  paper  it  will  be  my  plan  to  describe  in  detail  the  various 
symptoms  according  to  the  structures  involved ;  then  to  group  these 
symptoms  in  the  various  forms  which  multiple  neuritis  actually  pre- 
sents at  the  bedside.  The  diagnosis  will  then  be  considered  in  con- 
siderable detail.  Next  the  morbid  anatomy  will  be  described,  and 
finally,  in  the  section  on  treatment,  care  will  he  taken  to  indicate  the 
various  methods  by  which  the  disease  is  to  be  controlled.  First, 
however,  I  shall  describe  fully  the  numerous  causes  of  multiple  neu- 
ritis. 

EnOLOGY. 

Not  the  least  interesting  phase  of  the  study  of  multiple  neuritis  is 
its  etiology.  Since  the  disease  was  first  demonstrated  as  a  clinical 
entity,  our  conception  of  its  possible  causation  has  been  constantly 
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widening  until  now  we  realize  that  the  peripheral  nerves  are  the  field 
for  the  utmost  activity  of  most  of  the  poisonB,  both  organic  and  in- 
oi^anic,  that  can  infect  the  human  body,  ThiH  fact  »howB  us  at  oaoe 
that  we  are  now  on  a  most  important  territory  in  neuropathoUigy, 
Many  diseases*  that  were  formerly  considered  to  have  their  seat  in 
the  spinal  cord  liave  now  been  demons trat4nl  to  l^  simjily  due  to  tlie 
action  of  some  p<n8on  upon  the  smaller  nerve  trunks  and  their  periph- 
eral endings.  No  other  def>artment  in  cliniad  medicine  eciuala  this 
in  sn^gestiveness  and  in  the  fertility  with  which  it  has  given  ongiia 
to  new  conceptions  of  disease. 

Among  tlie  causes  of  multii^le  neimtia  alcoJwl  should  undoubtedly 
hf>ld  tlie  tirst  riuik*  As  alremly  said,  Magnus  Hush  hiul  noted  the 
8ymi»t<ims  of  i)eripheral  neuritis  in  alcoholic  subjects,  but  he  had  not 
attributed  them  to  their  true  cause.  Long  before  his  time,  however, 
Lettsom,  quotetl  by  Buzzard,  had  nn^de  a  curious  reference  to  the 
same  subject.  This  was  in  1789*  He  referred  to  the  emaciation  of 
the  extremities ;  the  smoothness  and  polish  of  the  skin,  s<i  that  the 
soles  of  the  feet  even  became  "glossy  and  shining*';  and  the  exquisite 
tendernemi  of  the  parts,  so  that  the  **  weight  of  the  linger  excite** 
shrieks  and  moaning/*  He  wrote  es{>ecially  of  the  [mralysis  of  the 
legs,  arms,  and  hands,  of  the  mental  feebleness,  and  of  the  delnaioiis 
in  particular  oi  j^rsonal  identity.  In  recent  years  the  study  erf 
alcohol  im  a  factor  in  neuritis  has  been  made  by  Lancereaiix  and 
Leudet  in  France,  and  by  Reginald  Thompson,  Handfield  Jones  and 
Wilkes'"  in  England.  This  latter  anthor,  however,  ascribed  the 
"alcoholic  paraplegia"  to  an  infection  of  the  spinal  cord.  Ha 
called  v»articular  attention  to  the  fact  tliat  the  disease  oecmred 
esi^eeially  in  women.  He  speaks  of  the  loss  of  iiower*  aooompanied 
with  pain  in  the  limbs— in  some  eases,  with  aniesthesia— but  he  erro- 
neously ascribes  these  symptoms  to  spinal  meningitis.  Wilkes  gives 
interesting  details  of  crises  evidently  of  multii>le  neuritis  in  women. 
Ha  notes  the  feebleness  of  mind  as  well  as  the  impairment  of  the 
body  and  says  he  could  raulti[>ly  such  cases  to  almost  any  extent 
Alcohol  acts  to  cause  multiple  neuritis  often  in  an  insidiona 
manner,  and  in  conjunction  especially  with  one  or  two  other  well- 
marked  causes.  The  disease  usually  apf>eans,  for  instance,  in 
chronic  tippler  and  not  Decessarily  in  one  who  has  drunk  hiiiga  quai 
titles  of  spirituous  liquors.  For  this  reason^  probably,  it  is  Been  so 
often  in  women,  many  of  whom,  when  addicted  U^  drink,  take  it  00 
the  sly  and  in  small  tiuantities  at  brief  inter\*als.  WTien  this  habit 
of  constant  tippling  is  associated  witli  hard  labor*  exposure  lo 
changes  and  extremes  in  temfjerature,  and  insufficient  food»  the 
chances  are  much  increased  for  the  occurrence  of  the  disease.     These 
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facts  hold  good,  however,  just  as  well  for  the  male  as  for  the  female 
sex.  Thus  most  of  the  severe  cases  of  alcoholic  multiple  neuritis  in 
men  which  I  have  seen  in  the  Philadelphia  Hospital,  have  occurred  in 
the  paniier  class  and  in  individuals  who  were  especially  exposed  to 
cold,  wet,  and  fatigue,  and  who  not  only  drank  too  much,  but  ate  too 
little.  Thus  one  man  was  a  blind  street  musician,  who  exposed  him- 
self on  a  curbstone  for  many  hours  a  day  and  sjient  all  his  earnings 
in  low  groggeries.  Another  patient  was  a  chronic  tippler,  much  re- 
duced by  exposure  and  neglect,  whose  disease  appeared  after  a  few 
days'  exposure  shoveling  snow  in  severe  winter  weather.  One 
reason,  apparently,  why  women  are  so  prone  to  the  disease  is  prob- 
ably because  those  women  in  whom  it  occurs  most  frequently  are 
among  the  poorer  classes,  who  are  obliged  to  labor  hard  for  the  sup- 
port of  a  family  and  are  broken  down  often  by  over-childbearing 
and  underfeeding.  It  is  a  mistake,  however,  to  suppose  that  mul- 
tiple neuritis  is  limited  to  this  class.  It  may  occur  among  the 
affluent  classes.  If  it  occurs  less  frequently  among  them,  it  is  not 
probably  altogether  because  they  drink  less,  but  because  they  are 
better  nourished  and  hence  can  resist  better  the  ravages  of  the 
disease.  Because  of  its  poisonous  action  upon  other  organs  and 
tissues  of  the  body,  the  effects  of  alcohol  are  not  always  limited  to 
the  peripheral  nerves.  Mental  enfeeblement,  marked  by  wandering 
delirium,  is  a  very  common  symptom,  and  is  an  evidence  of  the 
ravages  of  alcohol  upon  the  brain  substance.  Affections  of  the  liver, 
kidneys,  and  vascular  system  are  also  liable  to  occur,  and  should 
always  be  sought  for.  These  complications  not  only  tend  to  give 
some  distinctive  characterization  to  the  cases  of  multiple  neuritis 
caused  by  alcohol,  but  they  also  not  infrequently  influence  the  course 
and  termination  of  the  disease. 

The  next  most  common  cause  of  multiple  neuritis  is  probably 
lead.  This  cause  is  not  always  recognized  at  its  full  value.  The 
conception  of  ''lead  palsy"  is  too  closely  limited  to  a  paralysis  of  the 
extensor  muscles  of  the  forearm.  This  is,  of  course,  a  variety  or 
type  of  multiple  neuritis,  because  in  it,  although  the  disease  affects 
little  more  than  one  nerve  of  the  forearm,  it  is  nevertheless  bilateral 
and  symmetrical.  It  is  a  mistake,  however,  to  suppose  that  lead 
does  not  cause  in  some  instances  a  more  widespread  destruction. 
This  poison  can,  for  instance,  inflame  especially  the  nerves  supplying 
the  deltoid  and  other  muscles  in  the  shoulder  and  upper-arm  groups. 
In  some  cases,  too,  it  invades  the  nerves  of  the  legs,  and  when  it  is 
thus  widespread  it  may  cause  a  state  that  may  have  some  resem- 
blance to  the  multiple  neuritis  of  alcoholic  origin.  In  my  observa- 
tion, however,  the  multiple  neuritis  of  lead  is  not  apt  to  be  so  widely 
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and  so  unifomxly  distributed  as  is  that  caused  br  aleohoL  This 
poison  alao  occasionally  produces  a  type  of  multiple  Deoritia  whieli 
hiiH  been  called  "  pseud otal>c8/'  in  which  the  sensory  nerve  emttngii 
esi>ecially  are  iuvolved  and  in  wliich  the  predominant  symptom  is 
ataxia.  This  type  will  Im  descril)ed  later,  with  reiK»rt  of  a  eaae.  Th© 
periphend  neuritis  caufted  by  lead  has  lioen  esi*ecially  described  by 
Oombault,'''  who  found  it  most  marked  in  certain  nen^e  trunka,  en] 
citdly  the  radial  (or  posterior  interosseus?),  as  is  well  known  clinicall, 
and  he  described  it  as  liein^;  of  the  segmental  tyiie,  t,c,,  the  inflamm»-' 
tit>niH  confined  iu  some  segmoiits  of  the  ner^e.  Oombaiilt*s  obtterra- 
tions  (made  in  1873)  are  especially  noteworthy,  aa  they  were  %ii!*^g 
the  earliest  t^>  load  t^>  a  general  recognition  of  the  fa<*t  that  lead  is  » 
cause  of  |ieripheral  neuritis.  Ho  drew  attention  particularly  to  tlie 
symmetry  of  the  lesions  in  the  absence  of  involvement  of  theeeutml 
nervnus  system.  Multiple  neuritis  caused  by  lead  is  usually  obeerred 
in  I^el•solls  who  have  Ix^en  exposed  to  the  poison  for  long  i^erioda  and 
have  iiroliably  absorbed  it  only  in  small  doses  at  a  time.  Thus  it  ia 
Been  esj^fHiHlly  in  artisans  who  work  in  lead,  as,  for  instance,  workmen 
in  wliite-lead  factories  and  painters*  In  these  persons  th©  poison  is 
probably  largely  absorbed  from  tlie  alimentary  tract.  Thus  in  white- 
head factories,  in  which  the  air  is  chargeil  with  dust,  the  lead  is  proba- 
bly mixtnl  with  the  saliva  and  so  carried  into  the  stomach.  Among 
jiaiuters  and  other  workmen  who  are  careless  in  their  haliita,  it  la 
Iirobalily  taken  in  iiiiuute  (pmntities  with  the  food,  which  the  work- 
man hoKlH  with  unwashed  liandH.  Lead  is  used  so  extensively  in 
the  arts  that  it  may  manifest  itself  in  numerous  other  instances. 
Borne  of  the  mo^t  coniniou  t4  these  are  in  lead  miners  and  smellem, 
in  workmen  who  roll  Hheet  lead,  shot  makers,  type  founders,  trpe- 
aetters*  plumberSj  lace  makers,  glass  cutters,  glaziers — who  may 
al>sorli  hvad  from  potty,  file  cutters,  and  calico  i>rinters.  For  detaUa 
of  the  eflects  of  lead  as  encountered  in  the  oceujiations,  the  reader 
may  consult  the  author's  [Kaper  on  the  Diaeasee  of  Oocnimtions  in 
VoL  III.  i^f  this  systeuL  Th©  preference  of  lead  for  some  nervea, 
especially  the  nulial  and  posterior  interoeseons,  is  not  readily  ex- 
plained. The  ix>ison  seems  to  have  a  selective  action  for  these  pap- 
ticuhir  nerves,  just  as  atropine,  morphine,  and  other  organic  poiaoi 
have  for  particular  nen^o  structures.  The  reason  for  its  more  wi^ 
spread  effect  in  tluise  particular  instances  in  which  it  canaee  ; 
general  nudtiple  neuritis  is  also  obscure.  It  producea  a  ^pe  of 
multiple  neuritis  which  differs  in  several  respects  from  that  caused 
by  alcohol.  For  instance,  sensory  aymptoms,  and  especially  pain^ 
are  not  nearly  so  cooHy>icuouB. 

Of  great  importance  a^  exciting  causes  of  multiple  neuritis  are  the 
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ci  the  TarioDS  inftctiom  diseases.  The  first  place  among 
these  should  be  giren  to  diphtheria.  It  has  long  been  known  that  a 
fomi  of  paialvsis  sometiinee  follows  inflammatory  diseases  of  the 
throat.  One  of  the  earliest  observers  who  recorded  such  cases  was 
Baid,  of  New  York,  who,  in  1771,  published  an  inquirv  into  the 
nature,  cause,  and  cure  of  a  disease  which  he  called  angina  suffo- 
caliTa  or  sore  throat  distemper,  in  which  he  noted  the  occurrence  of 
pandvsis.  Elarlier  observations  are  said  to  have  been  made  by 
Lepois  in  1580  and  by  Ghisi,  an  Italian  physician,  in  1747.  Chomel 
ilso  has  a  reference  to  the  disease  having  occurred  in  France  in  1748. 
Bard's  observations,  however,  seem  to  have  lieen  the  most  accurate 
and  detailed.  During  the  present  century  the  occurrence  of  diph- 
theritic paralysis  has  been  generally  recognized,  but  the  identity  of 
the  disease  as  a  form  of  multiple  neuritis  dates  from  a  comi)aratively 
recent  period.  This  identity  has  been  satisfactorily  established  not 
only  by  anatomical  studies  on  the  human  subject,  but  also  by  ex|)eri- 
ments  upon  animals.  Among  the  most  important  of  the  latter  are 
those  by  Boux  and  Yersin,  who  inoculated  animals  with  the  toxins 
of  diphtheria  and  caused  a  paralysis  similar  to  that  which  occurs  in 
man. 

Sydney  Martin,  quoted  by  Osier,'**  extracted  from  the  spleen 
and  blood  of  i)ersons  who  had  died  nl  diphtheria  an  albumoee 
which  produced  in  animals,  when  injected  under  the  skin,  a  paralysis 
due  to  degeneration  of  the  axis  cylinders  of  the  nerves.  Other  sym^v- 
toms  caused  by  this  albumose  were  fever  and  emaciation.  The 
inference  is  that  the  cause  of  diphtheritic  paralysis  is  a  ferment  pro- 
duced by  a  bacillus,  and  that  this  ferment  is  the  poison  which  causes 
not  only  the  paralysis,  but  the  fever  and  wasting  and  other  symptoms 
of  infection  seen  in  diphtheria.  The  diphtheritic  poison  acts 
slowly  upon  the  nerves,  as  a  rule,  in  the  human  subject,  or,  at  least, 
is  not  liberated  until  convalescence  from  the  ])rimary  disease  is  well 
established.  Thus  it  is  not  uncommon  for  tlie  patient  to  have  en- 
tirely recovered  from  the  local  disease  in  the  throat,  and  to  have  even 
got  about,  before  the  symptoms  of  involvement  of  the  i)eripheral 
nerves  manifest  themselves.  I  knew  one  instance,  in  a  child,  in 
which  the  i)aralysis  did  not  occur  until  the  fifth  week.  The  reason 
for  this  latency  of  the  diphtheritic  i)oison  for  such  comparatively  long 
periods  is  not  plain. 

Martin,  in  his  observations  just  quoted,  inclines  to  the  belief 
that  these  toxins  are  stored  in  the  spleen.  His  explanation  is  that 
the  ferment  digests  the  proteids  of  the  body,  forming  albumose 
and  an  organic  acid,  but  that  as  a  relatively  large  proportion  of  tliese 
proteids  stagnate  in  the  spleen,  the  greatest  quantity  of  the  ferment 
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is  located  there.  It  may  be»  accordiug  to  ihi»  view,  that  the  explana- 
tion of  the  lateooy  of  the  diphtheritic  poison  is  to  be  foand  in  tlii« 
fact,  i.e.,  that  the  poiHon  if*  stored  up,  a.s  it  were,  in  the  spled&i  and  only 
liberated  gradually.  Some  such  explanation  as  tliis  tummm  to  he 
necessary  for  the  imeuliar  iictiou  of  the  ferment.  The  old  view,  thai 
the  inflammation  spread  hy  contiguity  directly  from  the  inflanuHl 
tissues  of  the  throat  by  way  of  the  pharyngeal  nerv^es  inUi  the  nerraoa 
system,  is  not  tenable.  The  i>oison  usualiy  acts  upon  varioos  and 
widely  distrilmfcetl  nerves,  oiUm  simnltaneously.  It  must  therelcnB 
be  carried  into  the  blood,  and  in  cases  in  which  its  action  is  poaV 
poned  for  days  or  even  weeks  after  the  primary  infection  has  sub- 
sided, it  must  have  been  retainer!  during  this  interval  in  some  reser- 
voir, as  it  were,  within  the  kxly.  Diphtheritic  paralysis  does  not 
necessarily  occur  after  every  malignant  attack  of  diphtheria,  nor  is 
every  case  the  result  of  a  malignant  attack.  In  other  words,  there  is 
no  definite  conuectiuu  lietween  the  severity  of  the  primary  attack  and 
the  *x!currence  of  the  juiralysis.  Severe  and  long-continued  8ymj»- 
toras  sometimes  follow  mild  attacks  of  sore  thrcwit.  It  has  even  been 
claimed  that  nonnliiJitheritio  sore  throat  may  be  followed  by  i»a- 
ralysis,  hut  this  is  undoubtedly  an  error.  Tlie  thita  of  bacteri* 
alogy  are  now  sufficiently  secure  to  prove  incontestably  that  tlie 
peculiar  paralyses  canseil  by  infective  sore  throats  are  always  due  to 
a  specific  poison  generated  by  the  bacillus  of  diphtheria* 

Tffphoid  femr  is  occasionally  fitllowed  by  or  complicate<l  with  the 
symptoms  of  multiple  neuritis.  This  eomplici*tion  or  sequel  has 
been  recognized  for  some  years,  the  recognition  having  l>een  strictly 
contemfKJraneous  with  that  uni\'er»al  recognition  of  multiple  neuritis 
which,  during  the  last  two  decades,  has  placed  that  affection  among  tlie 
most  common  of  nervous  disejises.  I  have  discussed  this  subject  in 
my  pa|)er  on  **  Muscular  Atro^diy  and  Perii>heral  Nerve  Changes  fol- 
lowing Typhoid  Fever,"  alreiidy  citeil,  find  from  which  quotations  an? 
mtule  here  in  the  text*  Typhoid  fever  probably  comes  next  in  order 
to  diphtheria  as  tlie  infectious  disease  that  most  commonly  cai 
multiple  neuritis.  The  varioua  paralyses  following  enteric  fever  wei 
observedi  of  course,  long  before  their  true  nature  was  recognised,  and 
were  almost  universally  ascribed  to  involvement  of  the  spinal  conL 
Among  the  earliest  olmervers  to  recognize  the  occurrence  of  neuritis 
in  typhoid  fever  was  Sir  James  Paget/"  who  in  1876  wrote  thai  the 
peroneal  and  ulnar  nerves  were  esjiecially  liable  to  the  invasion  of  this 
poison.  About  the  same  time  TcM>th,  and  then  Charcot  and  Marie,  de- 
scriljed  a  i^eroneal  type  of  progressive  muscular  atrophy.  Murchison 
noted  hypersBsthesia  in  the  lower  extremities  in  about  five  jieroent.  of 
bk  casea  of  typhoid  fever;  and  Hutchinson'**  had  seen  tliis  hypersft- 
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thesia  so  marked  that  the  lightest  touch  made  the  patient  cry  out  with 
pain.  This  hypenesthesia  or  hyperalgesia,  especially  in  the  legs,  even 
on  alight  contact  of  the  bedclothes,  is  well  shown  in  cases  recently 
reported  by  Preston.'**  This  symptom  in  the  legs  and  toes  is 
probably  due  to  irritation  of  the  sensory  nerve  endings.  The  predi- 
lection of  the  typhoid  poison  for  certain  nerves  is  one  of  its  marked 
featoree.  In  this  resx)ect  it  resembles  lead  and  the  diphtheritic 
poison.  The  nerves  most  frequently  attacked  by  it  are  the  pero- 
neal and  the  ulnar.  This  paralysis,  unlike  that  of  diphtheria, 
is  not  likely  to  follow  mild  cases  of  typhoid  fever.  All  instances 
noted  by  me  have  been  in  severe  and  protracted  attacks  of  the 
primary  disease.  Thus  in  one  instance  the  patient  had  been  ill  for 
sixteen  weeks,  having  suffered  two  relapses  and  several  grave  com- 
plications, including  an  exhaustive  hemorrhage  from  the  bowels.  In 
his  case  the  treatment  had  been  by  cold  baths  for  hyperpyrexia,  and 
the  suspicion  was  aroused  that  this  treatment  may  have  been  partly 
instrumental  in  causing  the  i)eripheral  neuritis.  This  possibility, 
I  am  convinced,  is  one  of  considerable  importance,  now  that  the 
excessive  use  of  the  bath  is  becoming  popular.  Exposure  to  cold 
and  wet,  we  know,  is  an  important  contributing  cause  of  multiple 
neuritis  in  all  cases  in  which  the  vitality  and  nutrition  of  the  nerves 
are  diminished,  as,  for  instance,  in  chronic  alcoholism.  Hence 
there  appears  to  be  no  good  reason  why  such  exposure  in  the  cold 
hath  should  not  also  act  in  cases  in  which  the  nutrition  of  the 
peripheral  nerve  endings  is  disturbed  by  the  action  of  the  typhoid 
poison. 

SmaUpox,  as  is  well  known,  sometimes  causes  multiple  neuritis. 
Westphal  found  disseminated  centres  of  inflammation  in  the  spinal 
cord  in  cases  of  smallpox,  and  a  few  observers  have  noted  changes 
in  the  nerves.  The  forms  of  neuritis  seen  after  smallpox  may  be 
local  or  multiple.  Thus  the  pharynx  may  be  involved,  or  in  some 
cases  a  pseudotabes,  no  doubt  due  to  the  involvement  of  the  nerve 
endings,  may  occur. 

Measles  has  occasionally  been  noted  as  a  cause  of  paralysis,  and 
this  paralysis  is  probably  due  in  some  instances  to  inflammation  of 
the  nerves.  Ormerod  "*  observed  three  cases  of  muscular  atrophy  in 
one  family  following  measles.  The  affection  invariably  began  in  the 
legs  below  the  knees.  After  some  months,  or  even  years,  it  invaded 
the  hand  and  forearm,  and  always  affected  the  distal  more  than  the 
proximal  segments  of  the  limbs.  He  observed  trophic  lesions  resem- 
bling chilblains  in  these  cases.  The  electric  excitability  of  the  af- 
fected muscles  below  the  knees  was  abolished  and  the  partial  reac- 
tions of  degeneration  were  seen  elsewhere.  From  this  descrij)tion  it 
Vol.  XL-25 
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seems  probable  that  the  affection  consisted  of  a  ueuritig. 
atithora,  however,  make  any  reference  to  the  occurrence  of  nenjiti 
a  complication  or  sequel  of  meaales;   consequently  it  is  piob 
rare  in  this  disease.     Duplaix'"'  refers  to  an  acute  ascending  ] 
sis,  observed  in  measles,  which  he  judges  is  caused  by  a  polyi 
S*  W-  Morton  has  recently  reported  a  case  of  multiple  neuritlB  fo 
ing  measles,  in  a  child  aged  two  years  and  eight  months,   Allyn,"'* 
a  study  of  forty -three  cases  of  paralysis  following  measles,  coB 
from  the  literature,  found  that  cerebral  palsies  are  more  common  1 
the  peripheral.    Some  of  the  latter  cases,  as  that  of  Liegard,  are  sti 
ingly  like  diphtheritic  paralysis.     Thus  the  patient,  a  child,  had  ] 
alysiB  of  the  four  limbs,  head-drop,  difficult  deglutition,  and  eii 
aniBsthesia  of  the  skin,     Landouzy  claims  that  the  i>araplegic  tj 
is  the  most  common  after  measles » 

Svaiiatina  rarely,  if  ever,  causes  multiple  neiaritis.     Even  tha 
cases  that  are  complicated  with  malignant  sore  throat  are  not  likdj"' 
to  be  followed  by  paralysis.      TIus  seems  to  show  that  the  sow 
throat  in  scarlet  fever  is  not  a  true  diphtheria. 

Tnhercuhskj  as  is  well  kno^Tj,  may  cause  an  inflammation  of  tlw 
peripheral  nerves.  One  of  the  earliest  observers  of  polvneuritii» 
Eiseulohr,  saw  a  jiatient  with  pulmonary  tuberculosis  who  wii 
seii^d  with  jjaralyaia  and  atroi>hy  of  the  legs,  associated  with 
pain,  of  rapid  onset.  In  this  case  microscopical  examinatioa 
vealed  inflammatory  changes  in  the  sciatic  nerves.  Pitres 
Vaillard'"^  have  studied  the  neuritis  that  is  caused  by  the  poiaoik^ 
the  tubercle  bacillus.  Leudet,  before  them,  had  noted  neuralgias  i 
paralyses,  accomi>anied  with  herpes  and  muscular  atrophy,  in 
of  ]>hthisis,  but  lie  had  ascril^ed  to  them  erroneously  a  reflei  origiii" 
It  neems  that  the  poison  of  tuberculosis  has  its  special  or  selective 
action  somewhat  like  other  poisons.  Thus  the  sciatic  nerves  i» 
l>rone  to  be  attacked.  Peter  has  studied  carefully  one  of  these  cwfll 
of  sciatica  occurring  in  a  case  of  tuberculosis.  Many  recent  aatb<^ 
have  since  made  special  studies  of  the  inflammation  of  the  neneg 
which  occur.s  in  the  course  of  tubercultjsis.  Prominent  among  tliese 
are  Joffroy,  Striimpell,  and  0[>ijeiiheim.  This  infection  of  the  peripb- 
eral  nervous  system  in  tuberculosis  may  occur  in  patients  in  whom 
the  bruin  and  Hijinal  cord  and  their  meninges  are  e  *      ^^  i- 

rather  more  common  in  the  chronic  than  in  the  a*^!^*' 
no  set  time  for  the  action  of  tii'^ 
occur  at  variable  times  tluring 
to  Pitres  and  Vaillard,  it  is  n 
of  the   disease.      Alcoholic 
tubercidosis,  and  the  distiuctit 
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must  be  made  if  possible.  Kelynack  found  active  tuberculosis  in 
seyen  oat  of  eight  cases  of  alcoholic  multiple  neuritis.  He  concludes 
that  the  subjects  of  alcoholic  paralysis  are  peculiarly  liable  to  pul- 
monary tuberculosis,  and  points  out  the  necessity,  therefore,  of  de- 
priying  these  patients  of  alcohol,  and  the  careful  avoidance  of  any 
possible  tuberculous  infection.  It  seems  to  me  that  one  inference 
here  is,  that  in  some  cases  of  tuberculosis  in  which  multiple  neuritis 
has  been  observed,  this  complication  may  possibly  be  due  to  or  pro- 
moled  by  alcoholic  poisoning.  Men  and  women  who  expose  them- 
selves to  the  ravages  of  alcohol  are  often  fit  subjects  for  tuberculous 
infection,  and,  on  the  other  hand,  x>ersons  suffering  from  pulmonary 
tabercolosis  are  sometimes  induced,  in  the  vain  hope  of  cure,  to  drink 
too  freely  of  whiskey  and  strong  wines.  In  either  case  the  cause  of 
the  neuritis  may  i)ossibly  be  more  justly  suspected  to  be  the  alcohol 
rather  than  the  tubercle  bacillus.  This  criticism  has  not  been  suf- 
ficiently observed  by  most  writers  on  this  subject. 

Pitres  and  Yaillard  '*"  state  that  in  tuberculous  patients,  in  whom 
the  brain,  the  spinal  cord,  and  the  meninges  are  absolutely  intact,  there 
may  occur  in  the  peripheral  nervous  system  grave  lesions  present- 
ing all  the  characters  of  a  parenchymatous  neuritis.  The  lesions, 
according  to  these  observers,  may  involve  simultaneously  a  large 
number  of  nerves,  or  even  all  the  nerves  of  one  or  more  members. 
They  are  very  pronounced  in  the  terminal  branches,  but  diminish  or 
disappear  towards  the  central  terminations  of  the  nerve  trunks  and 
are  not  found  in  the  roots  of  the  nerves.  Hence  the  neuritis  is  pTojy- 
erly  peripheral. 

Beoently  Carriere  has  reported  two  cases  of  peripheral  neuritis  in 
polmonary  tuberculosis.  In  one  of  these  cases,  contrary  to  the  usual 
rule,  the  symptoms  of  neuritis  appeared  very  early  in  the  case — only 
about  one  month  after  the  invasion  of  the  bowels  and  lungs.  All  the 
nerves  below  the  knees  were  degenerated,  but  the  sciatic  nerves  at 
their  exits  from  the  i>elvis  were  normal.  In  the  second  case  the  neu- 
ritis was  confined  to  the  right  median  nerve.  No  bacilli  were  found 
in  the  trunks  of  the  affected  nerves,  and  Carriere  concludes  that  the 
peripheral  neuritis  of  phthisis  is  due  to  the  action  of  a  poison  which 
he  believes  identical  with  the  toxins  secreted  by  the  bacillus  of 
Koch. 

Another  cause  of  multiple  neuritis  is  leprosy.  Many  years  ago 
Danielsen  and  Boeck""  showed  that  leprosy  may  cause  a  i)erineu- 
ritis.  This  neuritis  is  now  recognized  as  an  essential  element  in  the 
pathology  of  leprosy.  It  is  the  lesion,  in  fact,  upon  which  depends 
one  of  the  well-recognized  forms  (the  anaesthetic  type)  of  the  disease. 
It  is  the  cause  not  only  of  the  anaesthesia,  the  paralysis,  and  the  mus- 
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cular  atrophy,  but  also  of  the  hi glilj  characteristic  trophic  lesionai 
in  leprosy.     The  essential  cause  of  leprosy  is  the  organism  * 
by  Hanaen,  which  is  found  in  great  numbers  in  the  n^xiules  or  I 
cles,  but  rarely  in  the  nerve  timnks.     The  trophic  lesions, 
bulhe,  pemphigoid  blebs,  and  destructive  ulcers  and  whitlow^! 
the  direct  results  of  the  inflammation  of  the  nerres  and  are  i 
those  that  occur  in  other  irritative  lesions  of  nerves. 

Leloir,"*  in  tracing  the  history  of  leprosy,  says  that  m^i^i 
servers,   following  Danielsen,   Boect,   Simon,  Virchow,  and 
had  stuflied  the  lesions  of  the  disease  before  their  true  cause  ^ 
known.     They  recognized  that  the  tubercles  of  leprosy,  which  ] 
caUs  kpromatu^  are  composed  of  a  tissue  of  granulations,  very  i 
in  microscopic  appearance  to  that  produced  in  lupus,  tubercuh 
and  syphilis,  but  evolving  in  general  much  more  slowly  toi 
necrosis  or  absorption  than  in  these  diseases,  and  not,  as  in 
being  united  in  foci  clearly  seimrable  from  each  other,     lliey  lo 
in  vain  for  a  specific  *'cell,"  but  they  found  in  some  lepron 
tissue  cellular  masses  of  peculiar  appearance,  which  were  called  i 
"  leprosy  celb"  of  Virchow.     They  also  observed  the  yellow  j 
masses,  which  are  now  kuown  to  be  masses  of  bacilli  and  sp 
These  older  obsen^ers  also  recqtpuised  the  lesions  in  the  nerves  1 
occur  in  leprosy,  es^iecially  in   their  jieripheral   i>arts.     The  i 
covery  of  the  micro-organism  of  leprosy  caused,  of  course,  a  comp 
revolution  in  the  manner  of  regarding  the  disease.     It  was  firet  da^l 
scribed  by  A.  Hansen,  of  Bergen,  in  1874,  and  was  colored  by  Neiaser. 
The  bicilluHj  however,  was  searched  for  in  vain  for  a  long  wiiile  ii  , 
the  anaesthetic  form  of  the  disease*     Finally,  Hansen  discovered  il  I 
in  a  lymphatic  ganglion;   then   Cornil  and  Bal>es  found  it  in  the 
neurilemma  of  a   degenerated  nerve,  and  Arniug  demonstrated  it 
in  the  nerv^es  in  two  cases  of  aniesthetic  or  trophoneurotic  leprosj* 
The  l>acilli,  however,  are  very  rare  in  this  anesthetic  as  Gompirod 
with   the   tul>ercuhir   variety.      Leloir  seems  to  think   that  hi  the 
ners'ous  form  of  the  disease  the  bacilli  at  some  time  disappear  bom 
the  Ixidy. 

Tlie  dmnonstration  of  the  Imcillus  of  leprosy  as  a  distinct  cause  o( 
the  dise*ise  throws  a  flood  of  light  upon  both  the  etiology  and  patih 
ology  i4  p<*ripheral  neuritis.     It  furnishes  a  striking  ex"*""''*  -^^  ^ 
irritating  I'tlWt  of  an  infectious  agent  upon  the  nen 
tliis  efi'oi^t  is  line  tf>  the  direct  action  of  the  micro-org 
of  some  U^\m  lil^erut^^i  by  it,  is  a  pathological  questit 
iug,  however,  that   the  bacilli  are  not  present  in  grc 
the  nerve   trunks  in  the   anflBsthetic   form,  it  may  1 
probable  th*  "     **"  *  instances,  the  m 
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really  by  some  poison  in  the  blood  that  has  been  elaborated  by  the 
faacilliis. 

SyphUia^  as  already  seen,  has  been  accused,  with  justice,  of  caus- 
ing neuritis.  I  have  referred  already  to  the  thesis  of  Dubois,  who 
has  described  an  inflammation  of  the  sciatic  nerve  of  syphilitic  origin. 
Aooording  to  this  author,  the  older  observers  had  noted  neuralgic 
affections  due  to  syphilis.  The  nerves  may  undoubtedly  be  invaded 
by  minute  gummata,  but  they  may  also  be  the  seat  of  irritation  or 
inflammation  due  to  the  syphilitic  poison.  There  may  be,  as  Dubois 
chums,  a  virulent  subacute  neuritis  analogous  to  that  caused  by 
various  other  infections.  These  cases,  of  course,  are  to  be  distin- 
guished from  those  in  which  the  neuralgic  pains  are  caused  by  the 
compression  of  exostoses  and  other  gross  specific  lesions.  Syphilis, 
however,  is  not  prone  to  cause  a  widespread  multiple  neuritis.  It 
seems  to  attack  especially  the  sciatic  nerve,  and  in  these  cases  great 
care  ilB  needed  to  distinguish  an  inflammation  of  the  nerve  trunks 
from  spinal  meningitis  of  syphilitic  origin. 

Septiccemia  is  an  occasional  cause  of  inflammation  of  the  nerve 
trunks.  Instances  have  been  observed  in  which  a  septic  wound  has 
given  rise  to  a  more  or  less  widespread  multiple  neuritis.  Both, 
quoted  by  GK>wers,  recorded  a  case  of  a  man  who  developed  extensive 
polyneuritis  on  the  fortieth  day  after  a  stab  wound  beneath  the 
clavicle.  The  symptoms  were  paralysis  of  the  tongue,  vocal  cords, 
and  limbs.  As  he  had  also  developed  a  parotitis,  it  seems  evident 
that  he  was  the  victim  of  septic  infection.  I  once  saw  a  young  man 
who,  after  a  slight  stab  wound  of  the  ulnar  nerve,  develox)ed  symp- 
toms of  inflammation  in  several  nerves  of  the  arm.  The  specific 
oiganism  acting  in  these  septic  cases  is  possibly  not  always  the 
same.  In  a  case  reported  by  Biesman  and  the  author,  *^^  a  malignant 
form  of  endocarditis  occurred  in  a  man  aged  about  forty  years.  This 
was  complicated  with  a  widely  diflfused  polyneuritis,  with  involve- 
ment of  the  posteromedian  and  posteroexternal  columns  of  the  spinal 
cord.  As  claimed  in  that  pai)er,  it  is  not  necessary  to  assume  that 
the  disease  agents  causing  these  symptoms  are  the  same  in  all 
cases.  We  know,  on  the  contrary,  that  specific  and  distinct  infective 
agents  attack  the  endocardium  with  varying  degrees  of  activity,  as, 
for  instance,  those  of  rheumatism,  of  chorea,  and  of  scarlet  fever; 
bat  these  have  other  and  distinctive  clinical  features.  There  are, 
however,  some  malignant  forms  of  infection  that  make  their  habitat 
principally  in  the  heart  and  great  blood-vessels.  These  cause  a 
well-marked  form  of  ulcerative  or  vegetative  endocarditis  or  endar- 
teritis with  widespread  systemic  eflfects,  indicative  of  a  profound 
blood  poisoning.     Thus  there  occurs  in  these  cases  a  true  hectic  or 
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typhoid  type  of  fever,  vnth  sweating  and  emaciation,  and  in 
instances  with  a  purpuric  eruption  of  th©  skin.  These  sympiomi* 
were  preH*^nt  in  the  eaRe  referred!  to.  While  multiple  neuntia  of 
wide  tli«tributinii  htm  nut  Ij^^en  comm<Jiily  olwsentMl  in  such  caSM^ 
there  is  no  a  priori  reason  why  f^neh  an  infec*tiou  of  the  peripheral 
narve  emlings  should  not  oi^our.  lo  our  imtient  there  was,  however, 
a  distinct  history  of  alooliolisni,  and  this  factor  was  probably  active^ 
in  association  with  the  septic  infection,  in  causing  the  neuritia*  In 
such  a  case  the  general  |)oisomng  of  the  hhwHl  by  the  septic  infec- 
tion  of  the  endcx^ardiuin  may  i>reiiare  the  soil,  ;is  it  were,  for  the  de- 
velopment of  an  alcoholic  neuritis. 

The  influeuee  of  matt i rut  in  causing  multiple  neuritis  is  a  subject 
alxjut  which  not  much  bis  Iweu  written.  In  the  higher  hititudes  nf 
the  United  States,  wJiere  malignant  types  of  malaria  are  practically 
unknown,  it  is  not  iirolmble  that  such  a  complicaticm  occ^urs,  fkmm 
observers  in  the  tiopies,  however,  have  aaaerteil  tliat  malarial 
poisoning  causes  diflfused  inttammatitm  of  the  nerves,  Buzsattl 
refers  to  several  cases  of  peripheral  neuritis  which  occurre*!  in 
persons  who  had  betm  exposed  ti»  |iernicious  malarial  fever.  Therts 
was  no  doubt  of  the  lu^curacy  of  the  diagnosis.  Tlie  symptoms,  how«| 
ever,  were  so  charach^'ristic  of  the  tyi>e  of  |>oIy neuritis  catiaed  by 
alcohol  that  Buzzard  was  inclined  in  suspt»t*t  that  this  was  the 
true  cause  of  the  tlisorder.  In  one  case,  in  fjict,  tlie  history  at 
alcoholism  was  very  distinct.  If  a  patient  with  multiple  neuritis 
coraes  from  a  lr»cality  in  which  malaria  is  rife,  he  or  she  will  lie 
lik<4y  to  attribute  the  symptoms  to  tliis  poison.  Car©  should  alwaya 
be  taken,  however,  to  inquire  into  the  ]x)S8ible  history  of  exjMiaare  to 
alcohol.  The  chanu*teriHtic  tvjie  of  {lolyneuritis^  with  mental  en- 
feeblement,  caused  l»y  alcohol  should  arouse  the  suspicion  of  the 
ohsener  that  there  was  more  than  malaria  acting  as  a  cause.  Forch* 
heimer*"'  states  epigramraatically  that  there  is  not  a  nerve  in  the 
Ixnly  that  seems  exempt  from  malaria.  He  instances  the  well-known 
neuralgia  of  the  fifth  nerve,  and  siiys  that  the  sciatic  nerve,  the  in- 
tercostal nenes,  and  the  nenes  4»f  the  stomach  are  n«»t  uncommonly 
affected.  A  rare  form  of  intenuittent  torticollis  due  to  nmlaria  ia 
sometimes  seen,  acconling  to  this  ubsener,  bat  it  is  causetl  probably 
by  irritation  of  the  nieniuges  rather  than  of  the  nerves  proper. 
Forchheiraer  instances  no  form  t^f  multiple  neuritis  as  Iieing  com* 
monly  seen  in  malaria. 

Among  other  instances  of  infectious  diseaaea  acting  as  a  canae  of 
multiiile  neuritis  may  be  mentioned  deftgtie.  Buzzard  refers  to  such 
an  instance  in  wliich  there  was  atrophy  and  loss  of  electrical  excilik- 
bility  in  the  tibialis  anticua  and  extensor  longus  digitorum  muadea. 


anaesthesia  of  the  corresponding  surface ;  but  as  this  condition 
not  occur  until  more  than  two  years  after  the  febrile  attack,  it 

i  with  justice  be  ascribed  to  the  latter. 
Selapmng  fever  has  been  observed  to  be  followed  by  multiple 
ills.     Ross  (quoted  by  Buzzard)  hag  published  accounts  of  some 
iheee  caaes* 

One  of  the  most  conspicuous  examples  of  the  iulectious  origin  of 
iultiple  neuritis  is  furnished  bv  the  disease  known  as  berihen.     This 
is  apparent!}'  of  infectious  origin,  that  is,  it  is  probably  due  to 
micrtx>rganism.     It  is  endemic  and  conta^ous.    It  occurs  [irin- 
ly  in  Asiatic  countries,  especially  China,  Japan,  and  India,  but 
been  observed  elsewhere,  as  in  Bradh     Some  authors  claim 
beriberi  is  not  due  to  a  microorganism,  but  to  insufficient  and 
pro|>er  food.     Bome  of  the  circumstances  under  which  it  arises 
t  the  possibility  of  a  scorbutic  taint,  but  this  element  is  denied 
most  observers.     According  to  Walker/"  intestinal  imrasites  are 
common  in  p>atients  suffering  with  this  tlisease.     Thus  of  887 
85.5  per  cent,  had  the  ankylostomum  duodenal e.     Walker, 
^Idle  he  hesitates  to  admit  that  this  parasite  is  the  real  cause  of  beri- 
)eri,  thinks  that  it  may  be  a  prediHi>osing  factor.     It  is  ]>ossib]e, 
"however,  as  be  suggests,  that  the  presence  of  the  parasite  is  merely 
a  coincidence,  its  germs  being  taken  in  stagnant  water  along  with  the 
Bpecific  germs  of  the  disease.     Putnam  some  years  ago  reportt^d  a 
aeries  of  cases  of  multiple  neuritis  in  fishermen  on  the  banks  of 
Kewfoundland,     In  these  cases  the  disease  seemed  to  have  no  cause 
otlier  than  insufficient  food  and  exposure  to  cold  and  wet,     I  cannot 
bat  think  from  some  of  the  accounts  of  epidemics  of  so-called  l)eri- 
beri  that  improper  and  insufficient  food  is  an  active  or  at  least  a 
pmlispfising  factor.     A  rice  diet  has  been  accused  of  causing  the 
disease,  but,  considering  the  vast  popuhitions  that  live  on  this  staple 
in  Eastern  countries,  some  other  contributory  cause  is  probabh'  active, 
Takftki,  a  Japanese  physician  quoted  by  Sinkler,"*'  controlled  the 
occurrence  of  beribier  in  the  Japanese  navy  by  supplying  a  diet 
of  fresh  meat  and  eggs  in  addition  to  rice.     Epidemics  of  multi- 
ple neuritis  resemblihg  beriberi   occur  occasionally  among  sailors 
daring  long  voyages.     In  such  cases  a  scorbutic  element  may  be 
""  acted.      Instances  have  occurred  in  shiim  carrying  cargoes  of 
;  and  have  been  ascribed  to  the  carbonic  acid  gas  arising  as  a 
let  of  fermentation.     Several  patients  with  symptoms  suggest- 
riberi  were  recently  seen  by  me  in  the  Philadelphia  Hospital, 
men  had  just  arrived  from  a  long  voyage  in  which  they  had 
posed  to  privation  and  hard  labor, 
mi,  according  to  Duplaix,  is  a  cause  sometimes  of  limited 
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paralyses,    which   are    accoiiipam©d   onlinarily   with  diflonldro 
86iisaiiou.     The  cliuiml  a^]>eet  of  those  iuinil\'se6  is  aignificiini,  ba 
hiimlonxy  ha8  obaerveiV  rather  of  |>eripheral  than  of  central  lc«ioii0.| 
Both  tha  motor  aud  the  seusorj  fibres  ai-e  involved.     From  analog^l 
rather  than  from  exact  obBervation,  we  are  lect  to  BUppoee  iu 
easoB  the  tleveh>pment  of  a  multiple  |>eripheral  neuritis. 

AinouK  other  iiifeetiouft  diseases,  di/Henierjf^  rn/m/*cfrw,  aud  in  fin-  i 
ettza  do  not  api>ear  to  give  origin  to  i»eri|>hera]  neiiritifl,  or  at  least  if  I 
they  do  so  the  obsenations  thus  far  are  extremely  rare.     I  have  not 
seen  or  heard  of  such  instances.     It  is  true  that  influenza,  wUch  hasj 
been  so  extremely  rife  all  over  the  eiviHze<l  world  iu  recent  yeare, ! 
been  accused  oceai^ionally  of  causing  grave  nervous  complicttfticmtl 
among  which   may  possibly  be  multiple  neuritis.     When  we  oon- 
sider,  however,  that  the  tendency  luis  been  to  ascribe  too  much  to  the 
grippe,  we  muist  hesitate  before   acc4>pting  the  \'iew  tliat  multiple  i 
neuritis  is  one  of  its  secjoehe.     Certainly  a  more  exact  criticism  is 
retiuired  to  determine  this  question.     Paraplegia  has  been  ascribed  by 
Laudouzy  to  dysentery.     Various  forms  of  paralysis,  in  fact,  hare 
betm  observed  since  the  time  of  Galen  to  follow  dysentery  (niii taker), _ 
Remak  has  suggested  the  idea  of  an  *iscending  neuritis  for  this 
quela. 

Wtefnuaimn  has  Ijeen  consideroil  by  most  writers  to  lie  aii 
mional  cause  of  periphenil  neuritis.  Gowers  and  some  other  writem^ 
seem  to  attril>nte  the  neuritis  that  follows  the  exposure  to  cold  to  a 
rheumatic  humor  in  the  blooth  This,  however,  is  entirely  hypothet- 
ical, and  there  is  no  scientific  warrant  for  invoking  rheumatism  as  the 
cause  under  these  circumstances.  It  is  indubitable,  however,  that  in 
ciwses  of  acute  and  inflammatory  rheumatism  involring  the  joints 
[»eripheral  neuritis  occasionally  cx^-curs.  John  Hunter  was  {)robahly 
the  first  Ui  not<i  the  fact  that  an  inflammation  of  a  joint  freijuently 
causes  rapid  wasting  of  the  musck^  that  move  that  joint,  and  that 
this  wasting  is  not  the  result  of  inacti*)n,  but  is  an  active  process, 
and  is  fi-ecpiently  accompanied  with  paralysis.  Such  mnscvlEr 
atrophy  amy  oven  accompany  non-traumatic  synoritis,  ae  was 
observed  by  Duchenue.  Vulpian,  as  most  pathologists  of  his  tioid, 
attributed  to  these  paralyses  a  reflex  origin.  Valtat  in  his  thesis  re- 
viewed this  whole  subject,  and  called  attention  t^j  the  fact  that  the 
paralysis  may  precede  the  atrojihy  in  the  fifl*ected  muscles.  He  fotmd 
that  the  extensor  muscles  were  the  most  profoundly  affected.  In  ex- 
periments on  dogs  he  Injected  irritating  substances  into  the  joints, 
and  thus  caused  intense  synovitis,  which  was  followed  by  rapid  and  ex- 
tensive atrophy,  which  might  even  involve  the  whole  limb,  although 
the  exteusur  muscles  were  m«>Ht  involved,     Valtat^  however,  over- 
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looked  the  trae  nature  of  the  lesion;  as  he  foimd  no  signs  of  inflam- 
mation in  the  affected  muscles,  he  adopted  Yulpian's  theory  of  reflex 
origin.  This  whole  subject  has  been  reviewed  by  Bury,"'  who 
oondndes  that  in  articular  rheumatism  we  meet  with  muscular  atro- 
phy and  paralysis,  which  he  is  inclined  to  ascribe  to  organic  changes 
either  in  the  central  or  peripheral  nervous  system.  He  also  calls 
attention  to  the  fact  that  peripheral  neuritis  may  occur  during  conva- 
lescence from  rheumatic  fever,  in  a  limb  in  which  there  is  no  involve- 
ment of  the  joint.  This  latter  observation  is  of  the  utmost  importance, 
as  it  shows  conclusively  that  the  rheumatic  poison  circulating  in  the 
blood  may  be  the  direct  cause  of  inflammation  of  the  peripheral 
portions  of  the  nerves.  From  accumulated  evidence  it  seems  possible 
that  the  wasting  and  paralysis  in  direct  association  with  inflamed 
joints  are  due  to  the  action  of  some  septic  substance  thrown  upon  the 
nerves  in  the  neighborhood  of  the  joints.  This  would  explain  the 
fact  that  not  only  in  rheumatism  but  also  in  traumatic  and  septic 
forms  of  synovitis,  this  wasting  and  atrophy  of  muscles  occurs. 
While  as  a  rule  the  muscles  in  connection  with  the  joints  are  the  first 
and  the  most  involved,  yet  in  many  instances  muscles  remote  from 
the  joints  may  suffer;  this,  of  course,  is  still  further  in  accord  with 
the  view  that  the  active  agent  is  a  poison  circulating  in  the  blood. 
With  reference  to  the  presence  of  a  rheumatoid  poison  in  the  blood  in 
cases  in  which  cold  alone  has  acted  as  a  factor,  and  in  which  the 
symptoms  of  acute  rheumatism  are  lacking,  I  can  only  say  that  such 
cases  are  entirely  distinct  from  those  here  under  consideration. 

Arsenicy  as  is  well  known,  may  cause  peripheral  neuritis. 
Symptoms  of  i>aralysis  in  arsenical  poisoning  have  been  noted  for 
many  yeiyrs.  Seguin'**'  gives  references  to  this  subject  dating  back 
as  far  as  the  thirteenth  century.  Beck,  in  1838,  noted  a  variety  of 
arsenical  poisoning,  in  which  there  was  first  an  inflammatory  action 
followed  by  a  second  stage,  that  of  nervous  involvement.  The  ner- 
vous symptoms  varied  **  from  coma  to  a  perfect  palsy  of  the  arms  and 
legs."  Oibb  "*  records  the  case  of  a  lady  who  had  taken  arsenic, 
mostly  Fowler's  solution,  for  many  years  for  a  skin  affection.  She 
suffered  with  neuralgic  pains  in  the  groin,  shoulders,  and  sides, 
followed  by  loss  of  power  in  her  lower  limbs.  McCready'"  relates 
a  case  in  which  a  woman  rubbed  white  arsenic  mixed  with  gin  on  the 
head  of  her  child,  suffering  with  favus ;  the  child  died  in  less  than 
two  days,  with  its  legs  completely  paralyzed.  Popoff,  of  St.  Peters- 
burg, undertook  an  exx>erimental  study  of  arsenical  paralysis;  the 
lesions  were  produced  by  administering  the  poison  to  animals.  He 
concluded  that  arsenic  causes  acute  central  myelitis,  and  the  periph- 
eral nerves  remain  normal  even  three  months  after  the  ingestion  of  the 
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drug.  These  conclusions,  however,  are  not  in  accord  with  tlioae  ol 
other  olj«eiver8.  Milk'"  has  reportetl  a  aerieB  of  c»Bm  uf  araemeal 
poisoning  caused  by  eating  pumpkin  pie»  in  which  a  large  ftmoimi  ol 

arsenions  acid  had  l^eu  placed.     In  these  cases  the  Bymptowm  of 
l>eripheral  neuritis  were  well  markeil.     Tliese  symptoms  were  pain 
in  the  legs  below  the  knees,  paripsthesia,  and  loss  t»f  power.     Tb^mj 
were  also  atroi>hy  and  the  reactitms  of  degeneration.     In  recent  yn 
ciLses  of  arsenical  paralysiH  have  l)een  noted  as  a  result  of  the  ailmii 
istration  of  this  drug  in  large  dnses  for  chorea.     Cases  of  this  kiua^ 
have  been  rept>rted  by  Fotts,  from  the  Hospital  of  the  ITniveraity  of 
Peiinsylvama.     This  constitutes,  in  fact,  a  wellHlefiued  risk  in  Um 
atlministration  of  large  doses  of  arsenic  for  this  disease.     Workmen 
in  arsenic  are»  of  coui-se,  exposed  more  or  less  to  the  effects  of  the  poi- 
son.    Among  these  workmen  miners  of  tin,  C4ipi>er,  and  nickel  ore«, 
and  artisans  wlio  work  with  Scheele's  green  and  Vienna  green,  may  lie 
mentioned;  also  paper-hangers  and  workmen  employed  in  the  manu* 
factnre  of  artificial  tlmvera.     Arsenic  fK'curs  in  some  of  the  atiiliue 
dyes.     Pntnam  re  ported  an  epidemic  of  arsenical  |>oi»oning  among  j 
the  children  in  im  infant  asylum,  which  wa^  caused  by  arsenicjil  d>  efl 
in  some  dress-gootls. 

Merrnnj  o<»casioually  causes  a  peripheral  neuritis  j  this  may  be 
either  local  or  diflused.  Intense  i»ain  is  a  not  uncommon  sympU^m 
of  chronic  hydnirgyrism  as  observed  among  the  workmen  in  the 
Spanish  mines  at  Almi^ulen.  This  liegins  in  the  extremities,  usually 
in  tlie  gr4*at  t*^  or  tlmmb»  and  sprejuls  upwards  from  these  paints. 
Tlie  iwiin  is  intense  and  lancinating,  and  is  followed  by  loss  of  j>ower. 
Among  local  ^lalsies  are  those  of  the  extensors  of  the  wrist  and  of  the 
musi'lew  of  the  larynx.  These  were  noted  long  ago  by  Vicente  de 
Arevjica. 

Fftenmonia,  e8i>ecially  in  children,  as  is  well  known^  may  pFeseut 
grave  complications  in  the  nervous  system.  Among  the  moet  common 
of  these  is  hemiplegia.  Duplaix  states  that  there  is  in  pneumonia  a 
form  of  paralysis  the  evolution  of  which  recalls  someiimeA  diph- 
theritic paralysis,  sometimes  Landry's  disease.  He  sugg^te  the 
hypothesis  of  a  jjeripheral  neuritis  for  these  casee. 

JJiabek',%  ua  is  well  known,  is  cora plicated  with  a  number  of  aoci-" 
dents  in  the  nenons  system.     The  most  conspicuous  of  theae,  of 
course,  is  diabetic  coma.     A  not  uncommon  disorder,  however, 
diabetics  is  a  sever©  type  of  neuralgia.     This  is  sometimee  asiiol 
ciated,  especially  in  the  legs,  with  cramps.     This  form  of  diabetic 
neuralgia  has  Iwen  recognized  for  many  years.     Its  favorite  aealft  ami 
in  the  sciatic,  peroneal,  and  inff^rifjr  dental  nerves.     Worms  stodiiN) 
these  neuralgias  in  I88I  and  did  much  to  secure  their  clinical  reoo^;- 
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nition.  Cormllon  in  a  study  of  twenty-two  cases  tried  to  establish 
tbe  theory  that  the  neuralgia  in  diabetic  patients  is  as  much  due  to 
nricemia  or  a  gouty  diathesis  as  to  hyperglycsemia,  and  that  the 
oondition  is  not  due  to  neuritis  but  to  transitory  changes  in  the  nerve 
centreB  (Tyson).  But  this  theory  is  excluded  by  the  facts,  now  well 
estaUished,  that  these  neuralgic  pains  in  diabetes  are  frequently  the 
forerunners  of  well-marked  motor  paralysis,  and  that  many  of  these 
caaee  present  unmistakably  the  features  of  peripheral  neuritis.  In  a 
case  recently  under  my  care  in  the  Methodist  Hospital,  Philadelphia, 
the  patient,  a  woman  aged  sixty-one  years,  had  marked  symptoms  of 
peripheral  neuritis,  coming  on  in  a  few  weeks  after  the  onset  of  gly- 
cosuria. The  type  of  paralysis  in  this  case  was  pseudotabes,  which 
will  be  described  later.  The  various  disorders  in  the  nervous  system, 
caused  by  diabetes,  have  been  ascribed  by  some  to  the  presence  in 
the  blood  of  acetone,  which  is  a  product  of  the  decomposition  of 
sugar.  More  recently,  however,  the  poison  has  been  thought  by 
others  to  be  an  intermediate  product  between  sugar  and  acetone— in 
other  words,  an  acetone-producing  substance,  as  acetoacetic  acid. 

The  influence  of  the  puerperium  in  causing  neuritis  has  already 
been  referred  to  in  the  section  on  diseases  of  the  sacral  plexus.  This 
influence  is  no  doubt  exercised  by  means  of  sex)sis ;  in  other  words, 
there  is  introduced  into  the  blood  from  a  septic  metritis  or  pelvic 
cellulitis  a  poison  which  acts  directly  upon  the  nerve  trunks  or 
their  terminal  branches.  In  the  case  of  the  nerves  within  the  pelvis, 
however,  this  inflammation  extends  by  direct  contiguity.  Wliether 
or  not  cases  may  arise  of  a  more  widespread  multiple  neuritis  due  to 
aepeis  following  childbirth,  is  perhaps  an  open  question.  Some 
observers  have  put  on  record  cases  of  alcoholic  multiple  neuritis 
occurring  in  childbed.  It  would  seem  almost  as  though  women  who 
Iiad  reduced  themselves  by  excessive  indulgence  in  alcohol  were 
rendered  more  liable  to  the  outbreak  of  neuritis  by  the  exhaustion 
from  hemorrhage,  etc.,  in  childbearing.  The  explanation  for  this 
probably  is  that  the  nutrition  of  these  patients  is  already  depraved  by 
the  excessive  use  of  alcohol,  and  that  the  prostration  of  strength  due 
to  the  i>ain  and  hemorrhage  caused  by  their  labors  prepares  the  sys- 
tem for  a  manifestation  of  the  activity  of  the  i)oison.  Hence  care 
should  be  taken  in  all  these  cases  to  determine  whether  or  not  there 
has  been  exposure  to  alcohol.  The  occurrence  of  delirium  tremens, 
as  I  have  pointed  out  elsewhere,"'  as  an  accompaniment  of  the  puer- 
perium  presents  a  subject  of  some  interest  and  importance  in  the 
diagnosis,  and  the  same  may  be  said  of  the  occurrence  of  peripheral 
neuritis  in  childbed.  In  women  addicted  to  drink,  pregnancy  may 
be  an  additional  incentive  to  it,  and  the  indulgence  will  usually,  of 
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course,  be  Becret.  The  puerxj^eriuio,  with  its  depreealou  and  ei 
tioB,  may  then  precipitate  quite  unexpectedly  an  attack  of  neoritia^l 
Ctopland  "**  was  one  of  the  first  to  c^ll  attention  to  the  explostun,  as  it 
were,  of  alcoholic  complications  in  the  puerijerium.  He  ha<l  refers 
ence,  however,  more  particularly  to  the  outbreak  of  menUil  symp- 
toma.  But  from  my  own  ol)«ervatioiig  I  am  convinced  that  symp^i 
toms  of  i)eripher£Ll  disease  may  also  occur  suddenly  onditf 
eirtjumstances.  I  have  under  my  care  now  in  the  Pbiladalf 
Ho8i>ital  a  young  married  woman  who  recently  miacarrifHi  in  the 
third  mouth  of  her  pregnancy.  Within  two  woekti  well-marked 
Bymijtf>raB  of  peripheral  neuritis,  of  di^itinctly  alcoholic  tyins  siei  in. 
The  patient  confesfietl  t*)  a  daily  indulgence  in  beer  and  whiskey  * 
Bha  IB  a  thin,  aufemie,  underfed  wonmn,  who  haa  been  much  exi^ 
to  cold  and  wet^  and  ban  done  much  hard  work.  In  her  miscar 
she  lost  enough  blood  to  proBtrate  lier  Btill  further,  and  this  ajiiiar- 
entiy  precipitated  an  attack  of  peripheral  neuritiB*  She  haa  no  aigns 
of  sepsis. 

The  influence  of  cohl  and  (fampnvj<s  in  the  causation  of  [leriphenil 
neuritis  is  an  important  one.  It  is  not  an  easy  one  to  explain 
according  to  our  preBent  ideas  of  a  humoral  i>atholog>\  Oowers,  as 
alreaily  aaid,  has  suggestiKl  that  under  the  influence  of  cold  a  rheu- 
matoid i>oi8ou  is  generateil,  and  that  this  causes  an  inflammation  of 
the  nei've  trunks  or  their  terminal  bmnchea.  But  I  can  see  no  war- 
rant for  adopting  Bueh  an  hypothesis.  In  these  cases  cold  and  ' 
seem  to  me  to  act  largely  as  contributory  causes.  WTieu  the  sj 
tern,  for  instance,  is  surcharged  with  alcohol  or  some  other 
in  the  blood,  such  exposure,  by  diminishing  in  some  way  the  resisting 
power,  may  \m  the  immediate  c^use  in  precipitating  an  attack  of 
neuritis.  It  does  this  probably  by  diminishing  or  altering  in  some 
way  the  blootl  sui>ply  to  the  i>eripheral  ner\'ous  system,  the  vitality 
of  which  being  tlius  lowered,  these  delicate  nerves  feel  the  more 
easily  the  poisonous  eflfects  of  the  alcohoL  I  have  seen  many  biidIi 
instances.  In  fact,  it  is  not  uncommon  in  my  observations  at  the 
Philadelphia  Hospital  to  see  patients  whose  attacks  of  j»eripheral 
neuritis  were  immediately  caused  by  hard  work  and  by  ex]K>sare  in 
the  midst  of  cold  and  dampness.  Wliatever  the  theoretical  exphuift*^ 
tion  may  be  the  clinical  fact  is  indubitable. 

The  influence  of  sex  in  the  causation  of  multiple  neuritis  is  < 
secondary  and  contributory.     Women  undoubtedly  suffer  mther  i 
frec]uently  fr«jm  alcoholic  multiple  neuritis  than  do  men.     Thia 
prolmbly  due  to  several  causes.     Thus  women  have  prolmbly  leas] 
resisting  iw>wer»  owing  to  a  more  delicate  structure  of  the  nerroiwi 
system,  than  have  men.     Moreover,  in  the  class  of  women  in  which 
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the  disease  is  most  common,  the  patients  are  not  infrequently 
redooed  by  household  drudgery,  poor  food,  and  over-childbearing. 
Under  these  circumstances  some  women  form  a  bad  habit  of  constant 
tippling,  taking  small  quantities  of  whiskey  or  beer  at  short  interrals 
during  the  day,  and  as  a  consequence  not  eating  a  sufficient  quantity 
of  food.  They  thus  lay  the  foundation  for  the  disease  in  its  most 
aggrayated  type.    . 

The  influence  of  race  in  determining  multiple  neuritis  is  not 
marked. 

Among  rarer  causes  of  multiple  neuritis  may  be  mentioned  oxide 
of  carboti  and  sulphide  of  carbon.  Leudet  has  described  a  neuritis  due 
to  carbonic  oxide.  The  symptoms  may  appear  immediately  after 
the  exposure  or  may  not  develop  for  some  days.  The  x)aralysis  may 
be  limited  to  one  limb  but  usually  extends  to  others.  Sapillier  has 
demonstrated  that  poisoning  by  sulphide  of  carbon  may  cause  x)a- 
ralyses  which  attack  by  preference  the  flexors  of  both  the  upper  and 
lower  limb.  Phosphorus  also  has  been  observed  to  cause  neuritis. 
In  ergotism  there  is  sometimes  an  involvement  of  the  sensory  and 
motor  nerves. 

Symptoms. 

The  symptoms  of  multiple  neuritis  are  motor,  sensory,  trophic, 
viBceral,  psychic,  and  those  that  are  manifested  in  the  special  senses. 

The  Motor  Symptoms. — The  motor  symptoms  may  be  subdivided 
into  five  classes,  viz.,  paralysis,  cramps,  tremor,  ataxia,  and  contrac- 
ture.    I  shall  describe  these  in  the  order  given. 

Poaralysis  is,  of  course,  one  of  the  most  common  and  striking 
characteristics  of  peripheral  multiple  neuritis.  It  may  be  said, 
indeed,  to  be  almost  a  constant  symptom,  since  there  are  few  cases 
in  which  it  is  not  seen ;  but  it  must  be  remembered  that  it  is  not 
absolutely  constant,  since  in  one  class  or  type  of  cases— i.e.,  tiie 
ataxic  or  i)seudotabetic  variety — it  is  not  necessarily  seen. 

In  order  to  understand  the  type  of  the  paralysis  present  in  mul- 
tiple neuritis  it  is  desirable  to  recall  its  exact  mechanism.  This 
paralysis  is  caused  by  an  interruption  or  destruction  of  the  axis 
cylinder  of  the  peripheral  motor  neuron,  which,  as  already  ex- 
plained, has  its  cell  body  or  trophic  centre  in  the  anterior  comu 
of  the  gray  matter  of  the  spinal  cord.  Not  only  the  power  to  move 
the  muscle  but  also  the  tone,  the  electrical  reactions,  the  reflexes,  and 
the  nutrition  of  the  muscular  mass  depend  upon  the  integrity  of  this 
peripheral  motor  neuron.  This  multiplicity  of  physiological  func- 
tions in  the  muscle  dependent  upon  the  neuron  must  be  clearly 
understood  by  the  student  of  nervous  diseases  in  order  that  he  may 
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obtain  an  adequate  aud  systematized  idea  of  the  kind  of  palsj  i 
in  multiple  neuritis.     In  other  words,  he  must  realize  tliat  tbft] 
ralysis  is  only  one  of  several  associated  symptoms,  and  thai  I 
char»w!t«ristic  association  of  symptoms  is  seen  under  no  otbet^ 
cuinstance-s  of  disease   io  the  body*      As    a  consequence  of 
iiHHOi'iation  the  paralysis  of  multiple  neuritis  is  of  the  flaccid  I 
atroi)hic  variety.     The  muscular  tone  is  markedly  lowered  i 
Duti'itiou  of  the  muaeles  suffers  promptly.     This  results  in  the  i 
bei'omiu^,^  flaccid  and  soft,  and  losing  weight  and  bulk  ei 
portic:»uat0  to  the  number  of  its  neurons  in  vol  veil  and  the  compl 
ne^H  f>f  their  impairment.     With  this  wasting  and  lowering  < 
muHfle  tune  there  occur  promptly  alteratioma  in  the  response  ot  1 
muHcIe  to  electricity  and  an  abolition  of  its  tendon  reflex.    T! 
alteratiuUH  in  the  muscle  in  peripheral  multiple  neuritis  are 
sis,  flaceidity,  atrophy,  loss  or  alteration  of  its  electrical 
and   losa  of  its   pro[)er  tendon   reflexes,     WliHe  these  are  the  I 
cardinal  points  in  the  muscular  phenomena  of  multiple  neii 
it  must  not  be  8upi>osed  that  they  are  all  e<iually  distinct  in 
given  case.     Tlioir  association  varies  somewhat  according  to  ci] 
stances,  ia\,  ai'cording  both  to  the  extent  of  the  inflammatory  pr 
in  the  neuron  and  also  to  the  individual  poison  acting  to  promote  t 
inH^uiinuLtiutj.     In  miuor  degrees  of  inflammation^  for  instanoe,! 
motur  paral\  sis  may  not  be  complete,  and  yet  in  these  cases,  afleri 
few  days,  the  response  of  the  muscle  to  faradism  may  be  aboli 
Again,  in  aome  cases,  although  the  paralysis  may  be  promptly 
lished,  the  atrophy  oi  the  muscle  does  not  advance  to  a  marked  sti 
before  a  temloucy  to  recovery  stays  its  progress.     In  such  cases  \ 
mnscolar  timus  may  not  be  absolutely  impaired.     As  a  role,  ho 
ever,  it  may  Iw  siiid  that  the  order  of  these  phenomena  is  as  foU 
The  tii-st  symiTt<>m  manifested  is  jjaralysis.     Next  is  diminutioD  i 
iibiilition  of  the  fanulic  contractility,  to  be  followed  later  by 
suthi'iciitl\  iulvanceil  to  he  recognizable;  and  then,  later  still,  by  ] 
ccptiblo  atrnphy.     The  order  of  occurrence  of  impaired  reflexes i 
mutu'what.      Acconling   to   the   observations  of   some  writers, 
retloxcs  at  first  may  L>e  even  slightly  exaggerated,  to  be  foUowcd 
gradual  diminution  and  ultimate  abolition.     In  my  obeervatioii,  hot 
ever,  cxaggerati\l  reflexes,  even  in  the  earliest  stages,  are  practioJljl 
unknown.     1  cannot  recall  an  instance. 

The   iudividu;d   |K>ison  acting  to  cause  multiple   p 
[ires^^ut  suae  charjicteristics  that  distinguish  it  from  i 
This,  however,  is  with  reference  not  so  much  to  the  deg 
|kibatiou  of  the  midtiiUe  neuritis.     As  a  rule,  howevx' 
manifest  some  s(>ecial  characteristics,  even  in 
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attack.  Thus  alcohol  often  acts  with  extreme  malignancy.  Before 
its  oiialaaghts  the  neuron  and  the  muscular  tissue  sink  rapidly  and 
all  the  motor  features  of  peripheral  neuritis,  as  just  enumerated, 
show  themselves  with  extreme  rapidity.  This  is  all  the  more  note- 
worthy because  in  these  cases  the  alcohol  has  been  taken,  as  a 
role,  during  long  periods  of  time  before  it  suddenly  breaks  loose,  as 
it  were,  upon  the  peripheral  nervous  system.  Lead,  on  the  other 
hand,  is  usually  rather  more  gradual  in  its  attack.  The  atrophy  is 
especially  slow,  as  a  rule,  in  appearing  and  the  reactions  of  degen- 
eration may  not  be  complete  until  the  paralysis  or  paresis  has  lasted 
for  a  comparatively  long  time.  These  cases  vary,  however,  and  some 
are  more  explosive  than  others.  In  cases  of  diphtheritic  paralysis 
the  onset  is  often  quite  unexpected  and  after  convalescence  has  been 
apparently  satisfactorily  begun.  In  these  cases  the  motor  weakness 
is  very  marked  from  the  beginning,  but  as  many  of  them  tend  to 
recover  promptly  with  proper  care  and  treatment,  they  do  not 
advance,  as  a  rule,  to  marked  wasting  and  degeneration  of  the 
muscles.  Hence  in  mild  cases  with  considerable  paralysis  there 
may  be  only  a  partial  reaction  of  degeneration. 

The  distribution  of  the  paralysis  in  peripheral  neuritis  varies  ex- 
ceedingly. As  a  rule,  however,  the  paralysis  is  usually  symmetrical. 
I.e.,  api)ear8  in  corresponding  groups  of  muscles  on  both  sides.  This 
IB  one  of  its  most  marked  characteristics,  and  is  due,  of  course,  to  the 
fact  that  the  poison  circulating  in  the  blood  is  carried  equally  to  the 
nerve  trunks  and  their  terminal  branches  on  both  sides.  This  serves 
to  distinguish  multiple  neuritis  from  many  forms  of  paralysis  due  to 
central  disease,  especially  diseases  of  the  brain. 

Another  characteristic  is  the  tendency  of  the  extensor  muscles  to 
suffer  more  than  the  flexors.  This  gives  rise  to  some  of  the  most 
Doted  features  of  multiple  neuritis,  such  as  the  wrist  drop  and  foot  drop, 
that  are  so  commonly  seen.  These  symptoms  are  caused,  of  course, 
in  the  case  of  the  hand  and  forearm  by  paralysis  of  the  extensor  of 
the  wrists  and  fingers,  and  in  the  case  of  the  feet  by  paralysis  of  the 
peroneal  group,  the  tibialis  anticus,  and  the  extensors  of  the  toes. 
In  estimating  this  paralysis  of  the  extensors,  an  important  physio- 
logical law  must  not  be  overlooked,  namely,  that  the  contraction  of  any 
mnsculAr  group  that  assumes,  in  any  coordinate  movement,  the  prin- 
cipal role  is  dependent  upon  the  integrity  of  other  and  often  anta- 
gonistic groups.  It  was  demonstrated,  especially  by  Duchenne  and 
Winslow,  and  has  been  confirmed  universally  by  clinicians,  that  in 
every  volitional  movement  antagonistic  muscles  contract  simultane- 
ously. It  thus  happens,  for  instance,  that  the  movement  of  flexing  of 
the  wrist  and  fingers  demands,  in  order  to  be  executed  normally,  a 
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simultaneoiiE  contracttioD,  mor6  or  less  strong,  of  the  extensor  mitsclatt 
(Babiuski).  Therefore  io  paralysis  o!  the  extensor  niiucles  of  the 
hands  and  feet,  so  markeil  in  multiple  neuritis,  there  often  appeftra 
to  be  more  or  less  impairment  of  jM^wer  in  the  flexor  musoles  of  tbese 
parte.  In  leatl  palsy,  for  instance,  in  which  wrist  drop  is  often  ab- 
solute, the  patient  oaually  hns  a  much  diminished  power  or  grip  in 
the  hands.  This  movement  is  not  only  im]>aireil  in  power,  but  it  is 
also  performed  in  an  awkward  or  incoordinate  manner;  but  this, 
for  the  ro^ison  already  explained,  is  not  an  evidence)  of  troa  psialjrsis 
in  the  flexor  group  of  muscles.  In  very  aclvanced  cases,  bowever, 
even  the  flexor  muscles  may  be  involved,  as  is  shown  by  their  fl&ecid* 
ity  and  the  reactions  of  degeneration. 

Another  characteristic  of  multiple  neuritis  is  the  tendency  of  the 
distal  muscles  of  a  limb  to  be  paralyzed  to  a  greater  degree  than  Uie 
muscles  whose  points  of  origin  are  in  i>r  near  the  tnmk.  Henoe,  in 
the  arm,  the  muscles  of  the  band  and  forearm  are  more  likely  to 
be  completely  paralyzed  than  the  muscles  of  the  upper  arm  and 
shoulder,  and  iu  the  lower  limb,  the  muscles  of  the  leg  and  feet  are 
more  paraly^seil  than  thime  of  tlie  thigh  and  hip*  This  is  in  aooord 
with  the  fact  that  the  poison  causing  multiple  neuritis  expends 
its  energy  not  only  in  the  peripheral  distribution  of  the  nervous 
systemi  but  also  in  the  peripheral  distribution  of  the  bltMjd-veesels* 
This  law  of  distribution  seems  to  indicate  that  the  axis  cy lindens  of 
the  peripheral  mot<ir  neurons  are  tlie  more  likely  to  sufl'er  from 
the  effects  of  a  iKjison  iu  the  bhM>d  the  farther  they  extend  from 
their  trophic  centres — the  cell  boiliea  of  the  neurons.  This  cliui- 
cal  fact  does  not  support  the  view  of  Marie  and  others,  that  the  axis 
cylinder  of  a  neuron  draws  all  its  nutritive  supply  from  its  cell  body; 
but  it  indicates  tlmt  the  axis  cylinder  is  nourished  in  its  course  ik)s- 
sibly  at  the  points  of  constriction  Ix^tween  the  nodes  of  Ranvier.  If 
this  latter  view  is  correct,  it  would  follow  that  the  axis  cylinder  at  its 
periphery  may  for  some  reason  feel  the  direct  devastating  effects  of 
a  imison  in  the  blood,  while  its  more  central  portion  audits  c<>ll  body 
itself  entirely  escape.  The  clinical  fact,  wliatever  may  be  its  ex- 
planation, is  as  hero  stated.  In  these  cases,  oons6i[uently^  the 
patient  i^rescnts  the  appearance  of  distinct  i^eripheral  palsy,  marked 
not  only  in  the  extremities  Imt  in  the  tlistal  segments  of  the  extremi- 
ties. There  may,  it  is  true,  be  cases  of  multiple  neuritis  of  irregular 
distribution  in  which  this  ai>i>earance  is  not  well  marked,  but  in  the 
majority  of  cases  the  rule  holds  good.  Thus  these  cases  preisent 
a  ohanic^teristic  clinical  appearance  which  serves  to  distinguish  them 
from  cases  of  paralysis  due  to  other  lesions. 

In  the  upper  limb  the  pamlysisi  acoording  to  the  rule  laid  down, 
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affects  the  muscles  of  the  hand  and  forearm  more  than  those  of  the 
upper  arm  and  shoulder,  and  the  extensor  muscles  more  than  the 
flexor.     Iq  the  ordinary  tyi)e  of  case  the  muscles  most  involved  are 
the  extensor  carpi  radialis,  extensor  carpi  ulnaris,  extensor  communis 
digitonun,  and  the  extensors  of  the  index  and  little  fingers.     The  ex- 
tensor proprius  pollicis  is  not  alwa.vs  so  markedly  involved.     As  a 
consequence  of  this  paralysis  the  attitude  of  the  arm  and  hand  is  as 
follows :  There  is  the  characteristic  wrist  drop,  the  hand  being  held 
in  the  attitude  of  pronation  or  semipronation.     If  the  hand  and  arm 
are  placed  upon  a  horizontal  i)lane,  the  former  is  seen  to  be  slightly 
adducted.     As  a  rule,  all  the  phalanges  are  not  equally  paralyzed; 
the  Hecond  and  third  may  be  still  slightly  extended.     Usually  the 
phalanges  of  the  thumb  cannot  be  extended,  although  this  rule  is  not 
absolute.     Abduction  and  adduction  of  the  hand  are  weakened  or 
abolished.     As  already  explained,  the  flexor  muscles,  even  though  not 
IMiralyzed,  cannot  contnu^t  and  perform  coordinate  movements  in  a 
normal  way.     This  is  due  to  the  fact  that  normally  coordinated  move- 
ments reciuire  the  ac*tivity  of  antagonistic  groups  of  muscles.     It  is  a 
mistake,  however,  to  suppose  that  the  flexor  muscles  are  always  ab- 
solately  exempt  in  multiple  neuritis.     In  aggravated  cases  they  too 
are   involved,  and  altered    electrical    reactions  prove  this.      They 
are   never,    however,   involved   so    early   or    so    markedly    as    the 
extensors;  and  consequently,  when  contractures  tiike  ])lace  later  in 
the  case  the  limb  is  always  held  in  a  position  of  partial  flexion.     In- 
Tolvement  of  the  muscles  of  the  upper  arm,  while  not  as  a  nile  so 
marked  as  that  of  the  muscles  of  the  forearm  and  hand,  is  yet  nearly 
always  seen  to  some  extent  in  multiple  neuritis.     The  location  and 
degree  of  the  paralysis  vary,  of  ccmrae,  according  to  the  nature  of  the 
cjise.     Not  uncommonly  the  paralysis  presents  the  scx^alled  brachial 
type   iu   which  the   group   of    muscles   originally   pointed    out   by 
Duclienne   is   involved.       These   muscles    are   the    deltoid,    biceps, 
brachiulis  anticus,  supinator  longus,  and  occasionally  the  infra-  and 
sapraspimiti  and  the  pectoralis  major.     These  muscles  seem  to  con- 
stitute a  physiological  group,  w^hich,  as  is  well  known,  can  }ye  thrown 
into  conjoint  activity  by  faradizing  the  brachial  ])lexus  at  a  point  just 
al)ove  the  clavicle.     In  multiple  neuritis  they  are  usually  associated 
in  the  paralysis.     As  a  conseciuence  the  attitude  of  the  arm  is  ([uite 
characteristic.     The  arm  lies  against  the  trunk,  rotated  inwards,  with 
the    forearm    in    a    position    of    semipronation    (Fig.    41).       The 
patient  is  unable  to  alxluct  the  arm  from  the  trunk  or  to  rotate  it  out- 
warils.     Moreover,  the  forearm  cannot  be  flexed  at  the  elbow%  but  if 
passively  flexetl  it  can  he  extended  by  the  patient.     Occasionally  this 
tyi>e  of  imralysis  is  not  absolute.     One  or  other  of  these  muscles  may 
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be  paralyzed  more  than  the  other  members  of  the  group.  Th^  i 
toid  ia  i>erhap8  esijecially  apt  t^i  suflfer.  1ji  aclvanced  cases  or  i 
of  an  aggravated  tyi>e,  the  exteusor  muscles  on  the  bai^k  of  thai 
may  also  be  involved. 

A  special  tyfie  of  paralysis  of  the  arm  aiid  hand,  called  the  *J 
Ducheime  type,"  has  teen  described.     In  this  type  the  paralysjai 
atrophy  are  nsiiiilly  marked  in  the  hand,  especiaUy  in  the  thenar  ( 
hypotheuar  eminences,  the  interossei  muscles,  in  particular 
ductor  indieis.     This  type  usually  begins  in  these  small  mt: 
hand,  and  is  slowly  prt>gres8ive.     Later  it  involves  the  deltoS 
extensors  and  tlexors  of  the  wriRt,  the  supinators,  the  bice^js,  audi 
triceps.     In  this  type  the  paralysis  usually  begins  an  one  sidet 
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passes  eventually  to  the  other.     This  type  of  paralysis  is  not  con 
in  multiple  neuritis.     While  it  is  probably  due  to   some  form 
degeueration  or  intianimation  of  the  motorneurons,  it  cannot  prap 
be  clansed  with  the  ordinary  cases  of  the  disease  here  under  con 
eration. 

In  t!ie  lower  limb,  as  in  the  upper,  the  xiaralysis  is  most  l 
in  the  nuiselos  the  most  remote  from  the  trunk.     Thus  the  mu 
below  the  knee  are  the  earlient  to  suffer,  and  in  most  cases  conti 
idl  through  the  ea^e  to  be  tlie  most  involved.     The  muscles  esp 
affectoil  are  the  i)eroueal  gnmi>,  the  extensor  longus  digitonini,  1 
extensor  propriua  pollicis,  and  the  tibialis  anticus.     The  paralri 
of  these  muscles  permits  the  foot  to  assume  the  charaeteristio  yosr ' 
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lion  known  as  foot-drop.     This  is  strictly  analogous  to  the  hand- 
drop  already  described.    In  this  attitude  the  foot  drops  until  it 
is  almost  or  quite  in  a  straight  line  with  the  leg.     The  power  of 
extension  is  usually  absolutely  abolished.     The  phalanges  of  the  toes 
at  the  same  time  are  flexed,  and  the  patient  usually  has  no  power 
whatever  to  move  the  toes.     This  loss  of  power  in  the  extensor  muscles 
causes  a  characteristic  gait,  when  the  patient  is  still  able  to  walk. 
Thus  the  patient,  because  of  his  inability  to  extend  the  foot,  is 
obliged  to  lift  it  very  high  in  order  that  the  toes  may  clear  the 
gmnnd.     As  he  does  this,  the  foot  hangs  apparently  as  an  inert  mass 
SDd  when  it  comes  down  strikes  the  ground  first  with  the  toes,  in 
marked  contrast  with  the  gait  of  tabes,  in  which  the  heel  first  strikes 
the  ground.     This  gait  is  known  by  the  French  as  the  ""  gait  de  stejv 
page."    It  has  been  graphically  called  "the  turkey  gobbler  walk." 
Moreover,  the  outer  border  of  the  foot  drops,  so  that  when  the  patient 
pats  his  foot  ui)on  the  ground  he  strikes  with  the  external  border 
first.    This  is  due  to  paralysis  of  the  peroneal  muscles.     As  in  the 
Giae  of  ihe  arm,  however,  the  extensor  muscles  are  not  the  only  ones 
ptndyzed  in  aggravated  types  of  multiple  neuritis.     The  sural  or  c^lf 
mnscles  may  also  be  involved.     They  l)ecome  flaccid  and  atrophied, 
ud  present  the  reactions  of  degeneration.    As  in  the  arm,  however, 
they  are  not  so  early  or  so  completely  paralyzed,  as  a  rule,  as  the 
extensor  muscles.    Babinski  calls  attention  to  the  fact  that  in  rare 
cigefl  paralysis  of  the  tricei)s   muscles  may  he  most  marked.     The 
position  of  the  foot  is  then  diflFerent  from  that  already  described. 
In  place  of  falling,  it  is  raised  at  a  right  angle  to  the  leg,  and  the 
movement  of  extension  (or  dorsiflexion)  is  preseiTed.     In  walking 
ihe  patient  then,  at  the  moment  of  phudng  his  foot  upon  the  grouDil, 
strikes  first  with  the  heel,  resembling  in  this  respect  a  jmtient  with 
locomotor  ataxia.     Babinski  states  that  he'  has  seen  an  example  of 
this  gait  in  a  patient  suflferiiig  with  i^ripheral  neuritis.     In  this  case, 
however,  there  was  an  associated  paralysis  of  the  peronejil  muscles, 
pemitting  the  external  border  of  the  foot  to  fall.     The  thigh  muscles 
we  usually  not  exempt  in  peripheral  neuritis,  although,  as  a  nile, 
they  are  not  involved  so  early  and  so  completely  as  the  muscles  of  the 
1^.    The  (juadriceps  extensor  is  often  paralyzed  and  atrophied,  and 
Diay  present  the  reactions  of  degeneration.     The  flexor  muscles  on 
the  back  of  the  thigh  are  usually  not  so  much  impaired  and  in 
course  of  time  they  become  contractured  ami  hold  the  leg  partly 
flexed  at  the  knee.     This  contracture  of  the  hamatriDg  muscles  con- 
stitutes one  of  the  embarrassing  features  of  aggravat^^d  cases  of  mul- 
tiple  neuritis. 
The  muscles  of  the  trunk  are  not  exemi)t  in  multiple  neuritis. 
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One  of  the  mo8t  serious  compUmtioiis  of  the  cliseane  is  panj; 
the  rauscle8  of  rej^piratioii.     In  some  cases  tliis  is  so  marked 
exfjausiou  of  the  ehest  is  seriously  imi»aired,  or  even,  a^  I 
it  in  the  iij*i)er  puri  of  the  chest,  entirely  aholisLeiL     This  is 
bly  due  in  part  to  involvement  of  the  h>n^  thoraeiir  nene*  wiiid 
plies  the  serratas  maxims  muscle.     The  {jhrenic  nerve  nim 
paralyzed  in  some  forms  of  multiple  neuritis.     This  inv<>h>^ni<^j 
the  ren juratory  muscles  constitutes  a  ^rave  risk  to  tliesp  jijiti 
The  interference  with  the  ])roper  expansion  nf  the  lun^?*  lej 
catarrhal  ntate  of  the  bronchial   mucous  membrane,  and 
induce  pneumonia.     In  these  casej^  this  complication  is  aliocwt 
sarily  fatal.     This  is  so  especi*illy  when  the  heart  musi^^le  m  io' 
as  sometimes  hapi^ens ;  this  will  be  descril  *ed  later.     Tbe  pml] 
of  the  muscias  of  respiration  may  be  determined  by  jikciwg  i 
measui^e  around  the  chest  and  bidding  the  patient  take  a  Itingli 
In  grave  case«  it  will  thus  be  found  that  tlie  ex|)ausiou  of  tbe  cl 
which  is  normally  to  the  extent  of  frtim  two  and  a  half  to  tbree 
a  half  inches,  is  reduced  to  probably  one  inch  t*r  may  even  Iw 
iahed  entirely.     This  examination  should  never  lie  ne^lectal  ia 
study  of  these  cases. 

The  muscles  of  the  head,  face»  and  neck  are  not  involveil» 
rule,  in  ]>eripberid  neuritis.  The  facial  muscles  have  lieen 
paralyzed  in  rare  cases.  The  muscles  of  deglutition,  ho^ 
impaired  notably  in  the  tyi>e  of  jveripheral  neuritis  caused  by 
diphtheritic  [>oisou.  This  is  never  so,  however,  in  eases  dae  to 
hoi.  The  trapezius  and  stemocleidomastoid  muscles  also  aw 
involved  in  the  ordinary  type  of  multiple  neuritis.  In  diph 
paralysis,  liowever,  the  head  ma\"  drop  forward  Ijecause  of  paraly 
of  the  trapezius  muscle.  The  muscles  presiding  over  the  fuuctioiis 
the  bladder  and  rectum  also  escape  in  this  dise^^e.  In  rare 
the  vocal  cords  are  paralyzed.  This  is  probably  due  to  involve] 
of  the  jmeumogastric  nerve,  w^hieh  also  aiuses  the  tac^hyciirdiii 
infre<piently  seen  in  these  cases. 

The  occurrence  of  t^ramps  in  multiple  neuritis  is  probiihly  mi 
rare  as  is  indicated  by  the  fact  that  few  if  any  writers  refer  to 
BubJH't.     In  niy  own  o1>servations  I  have  attemjited,  sometimeis 
vain,  to  ebcit  a  liistory  of  cramps  from  patients  or  their  fi  *     ^    ^ 
am  convinced  that  this  syniptom  is  not  uncommon.     51 
has  often  lieen  called  to  the  subject  by  a  statement  of  a  p 
ticularly  in  cases  of  alcc^liolic  multiple  neuritis,  that  he 
suffered  witli  cramps  io  tlie  legs  in  the  early  stages  of  the 
have  myself  seen  sotjie  marked  manifestations  of  this  sy 
have  had  to  rely  in  many  cases  upon  the  stat^menta  of  t 
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themselves.  In  such  cases,  of  course,  the  severe  pains  in  the  legs 
might  possibly  l)e  erroneously  called  cramps  by  a  patient  whose 
mental  faculties  were  blunted  by  chronic  alcoholism.  There  seems 
to  be  no  a  jor ion*  reason,  however,  why  cramps  should  not  occur  in  the 
Ten*  early  stages  of  peripheral  neuritis.  The  poison  at  this  stage 
might  act  first  as  an  irritant,  sufficiently  powerful  to  excite  cramps  or 
painful  contractions  in  the  muscles.  Yulpian  and  others  demon- 
itrated  that  pressure  on  a  nerve  trunk  induces  cramps  in  the  mus- 
det)  supplied  by  that  particular  nerve.  This  is  an  early  symptom, 
and  seems  to  indicate  a  reaction  of  the  neuron  to  an  irritant  lesion. 
Later,  of  course,  after  the  vitality  of  the  neuron  is  lowered  and  its 
function  is  impaired  or  suspended,  cramps  are  not  possible.  This 
manifestation  of  the  hyperexcitability  of  the  neuron  and  its  mus- 
de  in  an  early  or  irritant  stage  of  neuritis  might  be  looked  upon 
ag  analogous  to  the  hyperexcitability  of  the  muscle  to  electricity, 
vhich  we  know  is  seen  as  an  early  phenomenon  of  the  reaction  of 
de^neratiou. 

As  will  \ye  seen  later,  in  the  section  on  contracture,  Babinski 
daims  that  cramjis  are  not  uncommon  in  multiple  neuritis,  but  he 
tpphes  this  term  evidently  to  the  more  or  less  prolonged  and  sus- 
tained contractures  which  usually  occur  in  the  early  stages  of  the 
disease.  These  early  painful  contractures  or  cramps  are  rather  more 
peisiRtent  and  rather  less  painful  than  that  state  of  a  muscle  which  is 
Qsoally  denominated  "cramp."  They  may,  however,  be  overcome 
by  i)assive  extension,  and,  as  they  cease  to  be  imiuful  as  soon  as  the 
muscle  is  thoroughly  extended  or  relaxed,  they  l)ear  undoubtedly  a 
dose  analogy  to  a  true  cramp.  Moreover,  as  they  occur  before  the 
muscle  has  degenerated,  they  are  presumably  due  to  a  contracture  of 
true  mum*ular  tissue  and  not  to  a  mere  retraction  of  the  fibrous 
ti«8ue  of  a  degenerated  muscle. 

Tmnor  has  Ix^en  noted  by  many  writers  in  cases  of  multiple 
fieuritis.  It  is  Dot  uncommonly  seen  in  alcoholic  flul>jects.  This 
tfPiuor  is  usually  of  the  vibratory  type  (/.e.,  of  rapid  oscillations), 
*nd  is  much  iucreased  by  voluntary  movement.  It  is  a  symptom 
Weu  also  in  poisoning  by  lead  and  by  mercury.  It  is  not  always 
^v,  however,  t/)  eliminate  from  these  cases  the  etiological  factor 
"f  bystesia.  The  toxic  hysterias,  as,  for  iDstance,  the  hysteria 
doe  to  lead  or  to  alcohol,  present  some  difficult  problems.  It  is 
<!«minon  to  attribute  all  the  i)atieut's  nerve  symptoms  to  the  poison 
from  which  he  suffers;  whereiis  there  may  l>e  a  gi-avo  i)sychical 
element,  which  acts  in  its  turn  to  j)roduce  symptoms  simulating 
orjjanic  disease.  Few  cliiiiciaus  can  have  failed  to  observe  hysteri- 
cal symptoms  in  chronic  alcoholics;  and  tliis  same  class  of  symi>- 
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toms  may  be  seen  fx^»asionally  in  casDM  of  i>oi»onii)g  by  l«*mi  luid 
mercury.  Pitres'"  reports  a  case  of  hysterical  treni<»r  following 
delirium  tremens.  Tlie  patient  had  other  hvtitericAl  ^ymptoti 
and  his  tremor  wils  lurttl  with  a  magnet.  Letidlo*"  ban  dencriJ 
the  hysterical  Hvmptoms  so[)ervening  in  the  eonrse  of  ebrotiie 
mereiii*ifd  poisoning.  Anicmg  these  were  hemitri'iuor.  Homotimea 
transferable  froni  one  side  b>  the  other.  The  trenuir  of  mercttrj 
has  been  8top|x»d  by  faradisrn,  or  by  eausing  the  [Mitient  in  miimt 
and  walk  i!i  thin  poaition^  alt  In  nigh  when  eret-t  he  rould  not  walk  for 
the  tremc>r.  Tlie  fart  seems  tti  be,  as  I  have  said  elm^whens  thai 
the  metallic  poismis,  lis  well  as  alcohol,  can  excite  hysterical  symp- 
toms in  predisposed  ]>ersons ;  and  aniong  these  symf>toms  om* 
the  commonest  is  tremor.  The  fact  of  alct>hol  l>eing  a  well-kno« 
hystertjgenous  poison  is  a  presumptive  pnH>f  nf  the  same  jMiwer  iii 
lead  and  mercury,  and  especially  with  reference  to  tr»?mnr.  But 
while  the  various  poisons  that  cause  iuultiph>  neuritis  can  also  excite 
an  hysterica]  treninr,  they  do  also  indubihi!»ly  in  many  cas««s  excit<» 
a  tremor  which  is  organic.  The  necessity  for  distinguishing  tbf'^e 
two  types  of  tremor  is  very  great,  ami  can  best  be  done  by  noting  iho 
influence  of  suggestion  and  tlie  presence  or  absence  of  other  and  ocm- 
firmatory  hysterical  stigmata.  It  is  also  a  question  in  thesi*  ntfl«tt 
whether  a  tremor,  even  of  organic  origin,  can  proj>erlv  lie  looked  ufMHQ 
BB  due  to  a  neuritis,  even  though  it  coesists  with  the  other  symptr>mft 
that  are  caused  by  neuritis.  Treninr;  in  {mi,  is  i»rt>l«d»ly  due  to 
impairment  i)f  the  nerve  centres  ratlitir  than  at  tbe  nerves  themselves, 
and  if  it  exists  ah)ng  with  the  symi»toms  of  neuritis,  is  rather  a  coin* 
cidentM^  than  i ttherwise.  In  fact,  as  the  symptoms  of  neuritis  lnKHtme 
more  and  more  |>r*mouDcetl,  the  tremor,  in  roy  observation,  is  likely 
to  disappear.  It  seem>i  then  to  lie  gradiUiUy  supplante<h  «»  it  wttwi, 
by  the  symptoms  that  indicate  an  impjaimient  of  the  transmitting 
power  of  the  axis  cylinders.  This  is  what  we  should  expect  if  tre- 
mor is  due  to  an  incourdiuat*^  action  of  tbe  nerve  centres.  Thia 
could  only  show  itself  sn  long  lis  the  aids  cylinder  was  able  to 
transmit  impulsea,  even  though  these  impolaea  arose  from  inciiTinli- 
nating  centres.  As  soon  as  this  transmitting  power  became  imi>iiired 
by  intlamination  and  degeneration  of  the  peripheral  jmrtions  of  tho 
axis  cylinders,  no  impvdse  could  j>ass;  and  conse«pieutly  the  tremor 
would  be  supplanted  by  a  flaccid  paralysis.  It  thus  seems  tlial« 
strictly  speaking,  tremor  cannf»t  lie  reganled  as  a  symptom  of  i>eriph- 
©ral  neuritis.  It  is  rather  a  symptom,  indf^f lendent  and  prf»<*x latent, 
of  the  poisonous  action  of  the  substance  which  haa  also  causeii  the 
neuritis. 

Akixia,  or  iucoordinatioD.  is  a  not  uncommon  symptom  nf  p^ 
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ripheral  neuritis.     It  characterizes,  indeed,  a  distinct  type  of  tlie 
disease,  namely,  the  sensory  type,  or  the  so-called  "pseudotabes." 
I  have  r*^ported  cases  of  this  form  of  peripheral  neuritis  in  a  paper 
already  referred  to."    In  1884Dejerine''**  described  a  disease  which 
he  called  nercotabea  jihipMriquCy  and  which  was  i)ractically  the  ataxic 
tyi^e  of  peripheral  neuritis.     His  i)aper  was  founded  upon  the  clinical 
histories  and  autopsies  of  two  patients  who  had  been  supposed  to 
have  locomotor  ataxia.     The  symj^toms  in  these  patients,  both  of 
whom  had  used  alcohol  to  excess,  were  incoordination,  anaesthesia, 
aboUtion  of  the  knee  jerks,  atrophy,   and  slight   paresis,    without 
Brmptoms  of  involvement  of  the  eyes  or  bladder.     At  the  autopsies 
changes  were  found  in  the  cutaneous  nerve  endings,  and  to  a  less 
extent  in  the  intramuscular  nerves,  and  no  changes  whatever  in  the 
Bpinal  cord,  nerve  roots,  or  ganglia.    Dejerine  was  probably  the  first  to 
call  attention  to  this  form  of  multiple  neuritis,  and  deserves  the  credit 
of  demonstrating  the  striking  resemblance  of  these  obscure  cases  to 
locomotor  ataxia.     Dreschfeld  "*  about  the  same  time  described  a 
type  of  alcoholic  ataxia  characterized  by  incoordination  and  loss  of 
knee  jerks  with  lancinating  pains,  but  without  atrophy  or  paralysis. 
Kraehe*"    also   wTote   a   i)aper   on   "Pseudotabes   in   Alcoholics." 
These  observers  had  only  noted  symptoms  which  had  been  seen  and 
described  before,  notably  by  Wilkes'""  and  Leudet,"'  but  which  had 
iK)t  been  ascril>ed  to  their  true  cause.     The  latter  writer,  for  instance, 
had  descrilied  the    same   combination    of    symptoms,    amesthesia, 
hyperesthesia,  disordered  gait,  and  paresis,  and  thus  came  near  to 
describing  what  we  recognize  to-day  as  the  ataxic  type  of  polyneuri- 
tis.   This  tyi^e  was  still  more  clearly  differentiated  by  Leyden,  in 
1888,  under  the  head  of  acute  at^ixia,  for  which  he  borrowed  from  the 
earlier  I »ai)er  of  Dejerine  the  title  of  "  neur()tal)es  peripherica." 

It  may  be  said  in  general  terms  that  all  these  cases  of  i)seudotabes 
or  acute  ataxia  are  instances  of  the  sensory  type  of  multiple  neuritis  as 
descrilied  by  Leyden,  and  that  their  pathological  anatomy  is  i)robably 
that  origimiUy  described  by  Dejerine,  namely,  involvement  of  the  sen- 
sory nerve  endings  with  a  slighter  degree  of  inflammation  in  some 
cases  of  the  intramuscular  ner\'es.      Hence  the  common  symi)toms 
are  amesthesia,  liyi)era;sthesia,  atiixia,  and  abolition  of  the  knee  jerks. 
Li  not  a  few  of  these  cases  there  is  also  some  degree  of  paresis  and 
muscular  atrophy,  altlumgh  these  often  re(iuire  close  ol)8ervation  to 
determine  them.      From  this   ])ure   sensory  type,   with  ataxia,   all 
dej^rees  of  severity  occur  up  to  well-recognized  forms  of  multiple  neu- 
ritis with  general  involvement    of    the  sensory  and    motor  nerves. 
This  type  in  its  jmrity  closely  resembles  locomotor  ataxia,  although 
the  eyes  and  the  bladder  are  not  involved.     This  exemption  consti- 
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tiitt^s  an  imiKii-taiit  point  for  differeDtiation.     Paralvsis  omf 
little  marked  in  tlieee  cases  that  wheu  the  patients  are 
they  have  comparatively  good  control  of  the  limlj**,  but  oa  nt 
to  walk  the  ataxic  gait  l>ecomes  at  once  evident.     This  ataxia  li  t 
doubt  due  to  involvement  of  the  peripheral  senaor^^  neurons,  ; 
hence  is  strictly  analogous  to  that  which  occurs  in  locomotor  i 
The  diflfereuce  in  the  pathology  of  the  two  affections  as  reganbl 
sensorj'  neurone  is  simply  in  the  location  of  the  disease  pr«:»c*:«8. 
multiple  neuritis   the    inflammation    is    localized    in    the 
branches  and  arl^orizations  of  the  sensory  Beurou  in  the  skin,  wt 
iu  locomotor  ataxia  it  is  localized  in  the  ganglia  of  the  jnie^teriori 
and  in  the  extension  ui) wards  of  the  sensory  neuron  iu  the  iH:mk 
column  of  the  spiual  cord.     The  gait  of  these  patieutw  closely 
bles  that  of  locomotor  ataxia.     There  may  be  the  s^tme  flapping  ( 
in  which  the  patient  brings  his  heel  first  to  the  ground,  as  in  1 
If,  however^  as  not  unusually  happens,  there  is  some  paresis  of  \ 
extensor  muscleH  of  the  foot  aud  toes,  the  patient  may  have 
degree  of  foot-drop,  and  may  then  present  the  high-stepping 
already  described,  iu  which,  in  order  to   clear   the  ground,  lie  : 
obliged  to  lift  the  foot  very  high,  and  strikes  the  ground  first  i 
the  toe.     These  patients  also  sway  violently  with  the  eye«  shiit^  i 
have  the  sajue  difficulty  in  walking  iu  the  dark  that  m  experienced! 
a  talietic.     They  also,  as  a  rule,  have  a  sense  of  numbness  in  thel 
which  causes  them  to  feel  as  though  they  were  stending  or  ' 
on  some  soft  substance.     The  true  explanation  of  this  ati&xia  is  1 
doubt  to  Ije  found  in  the  affection  of  the  sensory  neurons,  jnsl  H 
tabes.     There  is  abolition  of  the  muscular  sense  and  of  the  sense 
location  and  distance  necessary  for  the  i>roper  cour Jinating  of  i 
movements  of  the  feet  and  legs.     This  ataxic  type  of  multiple 
tis  may  occur  not  only  as  a  result  of  alcohol,  but  also  of  lead  i 
diplitheria.     In  oDe  case,  which  I  have  reported,  tbe  patient  had  I 
exposed  for  ujauy  years  a^  a  painter  to  lead,  and  he  had  also  iuJiil 
freely  iu  alcohol 

Confm<iftre  is  one  f)f  the  most  important  symptoms  of  moltipi 
neuritis.     It  is  nsually,  Vnit  not  necassarily  always,  a  late  symf 
It  is  most  marked  in  the  leg,  especially  in  the  flexor  muscles  on 
posterior  jKirts  of  the  thigh.     Contracture  of  these  hams*^*^-  •"•"'' 
caum^s  a  ]iartial  tlexiiig  of  tlie  le^;  at  the  knee,  so  that 
lies  iu  bfd  iu   tlie  thirsal    position    the   knees   are  i: 
elevuted  ninl  the  f^vt  rest  upon  tht^  heels  (see  Fig.  41)* 
ehanictcristi*'  attitude  iu  ]>erijiheral  neuritis.     Tliese  *■ 
usuall.^'  the  cause  of  much  j>aiu  and  distress  to  the  pi 
csases  the  slightest  movement  or  attempt  at  extension, 
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passive,  causes  cries  of  distress  or  expressions  of  pain  on  the  face. 
In  the  early  stages  the  contracture  may  usually  he  overcome  by 
linn  i)ersistent  eflfoi*ts  at  extension  by  the  physician  or  attendant. 
The  pain  caused  by  this  passive  extension  seems  to  be  relieved  as 
soon  as  the  legs  are  completely  straightened  out.  When  left  to 
themselves,  however,  the  legs  quickly  assume  the  position  again  of 
contracture.  That  contractures  are  not  necessarily  late  ])henomena  in 
multiple  neuritis,  I  have  had  ample  opportunity  to  verify.  In  fact, 
I  think  a  tendency  to  contracture  of  the  hamstring  muscles  is 
very  early  witnessed  in  most  cases  of  the  disease.  In  the  early 
stages  these  contnictures,  as  already  stated,  may  be  overcome  with 
{lassive  motion;  but  in  later  stages  they  become  more  set,  so  that 
complete  extension  of  the  legs  may  become  (piite  impossible.  In  a 
case  recently  examined  by  me,  in  a  young  woman  suffering  with  «ui 
acute  form  of  alcoholic  multii)le  neuritis,  the  contracture  of  the 
flexor  muscles  of  the  legs  was  well  marked,  although  the  patient  was 
only  in  the  third  week  of  the  disease.  In  her  caxhb  they  could  be 
overcome  by  firm  and  persistent  efforts  at  extension,  but  these 
attempts  caused  her  acute  i>ain,  of  which  she  complained  bitterly. 
Other  muscles  or  muscle  groups  besides  the  flexors  of  the  leg  may 
present  contractures.  In  fact,  as  these  cases  advance,  most  of  the 
flexor  muscles,  l)eing  unoj)i)osed  by  the  paralyzed  extensors,  pass  into 
a  state  of  more  or  less  persistent  ctmtracture.  The  sural  group  of  mus- 
cles, for  instjince,  may  l>e  in  this  condition.  Tluis  the  foot  is  not 
only  dropi^pd,  but  it  is  held  extended  by  a  contracture  of  the  muscles 
attacheil  to  the  tendo  Achillis.  This  may  cause  a  rigid  extension  of 
the  fiK>t,  which  in  lidvanced  cases  cannot  be  overcome  even  by  j)jissive 
motion.  In  the  arms  the  muscles  most  affected  by  contracture  are 
the  flexors  of  the  hand  and  wrist.  There  is  usually  little  if  any  con- 
tracture of  either  the  flexor  or  extensor  muscles  of  the  upi)er  arm, 
but  the  tendency  here  also  is  for  contracture  of  tlio  flexors  to  pre- 
I)onderate,  thus  causing  slight  flexion  of  the  arm  at  the  elbow. 

These  contractures  in  multiple  neuritis  api)ear,  as  just  descril>ed,  in 
the  flexor  or  least  i)aralyzed  group  of  muscles.  That  they  are  ])artly 
due  to  the  unopposed  action  of  the  muscles  involved  is  evident.  As 
tliese  musc*les,  however,  are  ])robably  never  entirely  exempt  from  the 
action  of  the  poison,  it  would  probably  be  eiToneous  to  claim  that  the 
er»ntracture  was  entirely  a  negative,  ratlior  than  an  active,  result  of 
the  disease.  That  they  are  in  some  way  dnc^  to  the  direct  action  of 
the  |)oison  upon  the  neurons  or  the  muscular  fibres,  or  botli.  set^ms 
to  l)e  indicate<l  by  the  acute  sym])toms  which  tlit\v  present  in  many 
cJises.  These  symj)toms  especially  are  tlie  ])aiii,  not  only  on  eft'oii; 
at  extension,  but  also  (m  i)ressure  or  t^ven   gentle  handling,  of  the 
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contracturetl  museles  iiuil  tlieir  teutltmB.  TliiB  ftevere  pain  on  luui- 
dliiij5  would  Hi'jirt'ely  be  witnesHeil  in  a  uormal  luuBcle  or  toudon*  If 
careful  iDveHtigation  in  made  in  tliese  ca8es»  it  will  he  found  UBuaUr 
that  the  hamstrlBg  tendoiiH  and  muscles  nm  L v  i>er8eii8itive  t**  tbe 
Blightest  touch,  eapocially  in  the  early  ntages  of  the  disetase.  Later* 
after  the  contractures  are  well  establifthe*!,  this  tenderness  is  not  i«o 
marked.  Moreover,  theee  muscles,  while  not  so  severely  jianilj  z»d 
as  the  extensors,  are  in  no  oaaa  exempt,  since  they  are  distinctlj 
paretic  and  atroi>Ined,  antl  present  i-eactioos  of  ilegetn- ration. 

With  refereuce  to  the  exitet  pathological  condition  iinderlyini^ 
these  contrachirew,  some  tjnestions  may  he  raised.  It  depends  some- 
what, of  ctHirse,  upon  tlie  Bignificance  attachfHl  to  the  word  ^^conlmo* 
ture,*' whether  or  not  this  condition  iu  multiple  neuritis  may  ooiii# 
properly  under  this  term.  The  word  in  its  simplest  meaning  indi- 
cates, of  coui"He,  a  more  or  less  i^enuanent  or  sustained  rigi<lity  and 
fihortening  f^t  the  muscles,  due  to  a  i*liyHii»logieAl  contnR^tit)n  «>f  its 
true  muscular  fibres.  This  is  what  hapjieus  prolmbly  in  the  contrac* 
tiire«9  of  hemiplegia,  pantplegia,  and  hysteria,  iu  which  diseiiAes  tha 
muscle  is  not  undergoing  a  tnie  degeneration.  But  the  conditio] 
are  not  the  same  in  i>eripheral  multiple  neuritis.  In  thia  latter 
ease  the  muscle  is  degenerating,  and  its  true  muscular  fibre  not 
Boon  1o«e8  its  ixjwer  of  contraction  to  the  electrical  currents,  but 
loses  its  structural  identity.  Consequently  it  ciinnot  he  affirmed  with 
retiwon  that  the  contractni*es,  esjieciatly  the  late  contracturt^s,  of  niitl- 
tiple  neuritis  can  1>e  doe  to  a  phyHiological  contrm'tion  or  over-auction 
of  the  muscular  fibres,  which  no  longer  exist.  Babinski*"'  ertti433M* 
tills  terra  "contracture''  therefore,  as  ap|>lied  to  the  stiite  of  the  mtn%- 
cle  in  peripheral  neuritis,  and  prefers  to  call  the  state  one  of  iibro* 
tendinous  contraction.  He,  however,  recoguiises,  more  fully  than  do 
most  writers,  the  early  painful  cramps  of  niidtiple  neuritis  whieli 
occur  before  the  muscular  degeneration  is  com])let<s  and  tlut*e  he 
fsalls  by  their  proper  term,  "crampa."  This  distinction  of  Babinald 
may  lie  a  just  one,  and  yet  it  api>earB  somewhat  artificial,  when  w© 
consider  that  the^e  persistent  crami»-like  states,  esj>ecially  in  the  legs, 
in  the  early  stages  of  multiple  neuritis,  paas  by  imperceptible  gradu^ 
tions  into  the  more  i>ernianent  contractures  of  the  later  stages*  I 
would  i>refer  to  preserve  the  tt>rm  **  cramp'*  for  the  fugitive  Avmiytomft 
Bome times  seen  in  the  early  stages  of  the  disease,  which  I  have  already 
referred  to  in  a  si>ecial  section,  and  to  regard  the  more  f>ermai 
I>ainful,  cramp-like  contractures  of  the  later  stage,  pasaing  into 
manent  contractures,  as  a  distinct  proeees  in  some  way  afisoeialed 
with  the  ]iroc6es  of  degeneration,  and  especially  marked  in  the  least 
paralysed  and  least  opposed  mnsclee* 
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In  connection  with  motor  disorders  may  be  considered  disorders 
of  the  reflexes.  As  a  rule,  the  tendon  reflexes  are  very  promptly 
affected  in  multiple  neuritis.  They  are,  ahnost  without  exception, 
lessened  or  abolished.  Some  observers  have  claimed  that  they  have 
seen  an  exaggeration  of  the  deep  reflexes  in  j)eripheral  neuritis. 
Strumpell,  Mobius,  and  Babinski  are  among  those  who  make  this 
claim.  I  have  never  seen  this  exaggeration  and  believe  it  must  be  a 
very  rare  phenomenon.  While  there  may  be  nothing  in  theory  ab- 
solutely to  oppose  the  idea  of  this  exjiggeration,  yet  practically  we 
know  that  the  phenomenon  rarely  occurs.  It  is  possible,  for  in- 
stance, to  suppose  that  in  the  initial  stage  of  a  neuritis,  due  to  some 
poison  acting  ui)on  the  nerve  endings — especially  upon  the  sensory 
nerve  endings— the  excitability  of  the  neuron  might  be  temporarily 
increased*  and  that  under  these  circumstances  the  reflexes  might  be 
exaggerated.  Dejerine  has  noted  that  the  reflexes  may  persist  in 
some  cases;  and  it  is  true,  in  my  observation,  that  cases  occur  in 
which  they  are  not  absolutely  lost  for  a  long  period.  In  the  rare 
instances  in  which  there  is  an  initial  exaggeraticm  of  the  reflexes,  this 
phenomenon  is  soon  replaced  by  a  gradual  diminution  and  final  dis- 
appearance of  tliis  sign.  All  the  tendon  reflexes  may  be  affected  or 
abolished  in  multiple  neuritis.  Those  most  conspicuously  involved, 
however,  are  the  knee-jerks.  In  cases  in  which  they  are  not  promptly 
abolished,  they  may  present  a  decreased  and  rather  more  sluggish 
contraction  than  is  normal.  This  alteration  in  the  character  of  the 
jerk  may  be  in  some  cases  as  important  a  pathognomonic  sign  as  the 
diminuti(m  itself. 

The  sui)erficial  or  skin  reflexes  are  not  quite  so  uniformly  dimin- 
isheil  and  abolished  as  are  the  deei).  In  the  early  stages,  in  which 
hy|>enesthesia  of  the  skin  is  a  well-marked  symptom,  these  skin  re- 
flexes may  even  be  exaggerated.  This  exaggeration  no  doubt  depends 
ui)on  irritation  of  the  endings  of  the  sensory  nerves.  In  severe  cases, 
in  which  anaesthesia  and  motor  i)aralysis  are  well  marked,  the  skin 
reflexes  are  almost  uniformly  abolished.  A  very  sluggish  cremasteric 
reflex  may,  however,  persist  in  even  severe  ca-ses,  alth(mgh  this  is 
rare.  Among  other  variations  that  may  be  noted  in  the  reflexes  is 
the  variation  in  individual  reflexes  as  compared  with  others.  It  does 
not  follow,  for  instance,  that  all  the  reflexes,  either  deep  or  super- 
ficial, must  be  abolished  at  the  same  time.  Thus,  one  reflex  may 
persist  much  longer  than  another,  and  some  superficial  reflexes  may 
even  appear  exaggerated  after  the  other  reflexes,  esi)ecia]ly  the  dee]), 
are  aljolished.  The  deep  reflexes  may  be  abolished,  for  iiistjince, 
in  the  legs  and  not  be  affected  in  the  arms.  These  differences  of 
one  reflex  from  another  are  due  simply  to  variations  in  the  location 
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of  the  diHeiise  |>rfK'e8s,  They  aimply  iDdieate  that  the  u^aritiEi  is 
more  marked  in  one  set  of  nerves  or  one  region  of  the  IkhI y  ttuui  in 
othorH, 

The  next  important  syraptoras  connected  with  the  mot«>r  pho* 
uumeua  of  multiple  neuritis  are  the  channel*  in  the  electrical  n^actiona 
of  the  pandyzed  tmisoles,  Hnvh  cluiu^es  are  unif*jrmly  «een  in  all 
varieties  and  tyi»ert  of  jinly  neuritis.  They  may  vary  not  a  liiUe, 
however,  in  character  and  degree*  jRHJortliD^^  to  the  intetmity  and  Uie 
IfH^atioti  of  the  disease  prooeas*  In  ordor  to  nndorstatid  the«e  VHrU 
tions  it  m^  of  cuurse,  neoeasary  tii  underHtiiud  the  normal  reiirlic] 
of  nerve  and  muacle  to  electricity.  These  have  already  lieen  de- 
gcril]>ed  in  the  section  on  electrotoniia  (p.  21),  to  which  reference 
be  made. 

The  earliest  change  in  the  elei^trical  resixinse  of  the  mufl<!le  in 
multi|de  neuritis  is  to  the  friradic  current.  The  faradic  irritability^ 
is  rapidly  dimiuishtHl  iu  mosst  eases  and  is  soon  complet<*Iy  alial* 
ished.  Tills  bikes  place  even  Itefore  there  is  well-marked  d<^« 
eration  and  atniphy  of  the  nim*cle;  in  fm't.  it  may  cx^cur  in  a  few" 
davs.  It  depends,  as  already  explaitietl,  uiwm  the  physioln^cal 
fact  that  rauscuhir  tissue,  when  deprived  of  nerve  iiifltience,  will 
not  reai*t  Ui  faradism.  (Vinserpiently  this  loss  of  faradic  eiciti^ 
liiHty  is  a  si^^n  of  a  t*hau^e  in  the  nerve  rather  thau  in  the  milflcfe.^ 
It  indicates  clearly  that  the  axis  cyliuder  is  no  longer  able  ta  i 
mit  iiitjnilses.  It  is  ffu*  tins  reason  that  this  loss  is,  ab  a  mk 
the  first  change  in  electrical  irritability  t'O  show  itseli,  aince  H| 
do4*s  not  depeml  niKin  advanced  degenerative  chaug^a  in  the  mt 
cular  tissue,  hut  simply  upon  a  lesion  that  acts  very  promptly  to 
cut  i)tf  the  [>eripheral  motor  neuron.  It  is  thus  easy  to  underHtami 
also  why  variations  oc^mr  in  the  promptness  and  completenesi*  of 
tlds  loss  of  fanulic  contractility.     Incases  in  which  the  p*  r. 

destructive  agent  acts  shmly  and  insidiously,  the  faraiUe  c«  i  i- 

ity  may  not  I)©  abolished  at  ouce.     This  is  for  the  simple  reaacm, 
of  course,    that   some   of   the   normal   ner\*e   impulses   ccmtlDlli"* 
flow.     This  preservation  of  a  somewhat  weakened  reiiponse  to 
dism  may  he  seen  even  in  cases  in  which  the  motor  fiaralvsia 
complete,   anil   iutlicates  that  the  motor  neurons,  though  ao  modi' 
paralyzed  as  not  Uy  \te  able  to  transmit  motor  im[Hilses,  max  atiU 
maintain  some  nutritive  control    over   the   muscle.     The  time  re- 
quired for  the  complete  al>olition  of  faradic  contractility  variea, 
course,  in  different  casc^,     A  complete  and  sudden  destruction  of  \ 
axis  cylinders,  as  by  section  for  example,  is  followed  by  dimimi 
and  loss  of  faradic  contractility  in  a  few  days;  in  fact,  the   * 
tion  may  begin  in  a  few  hours.     Few  cases,  however,  of  < 
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multiple  neuritis  present  such  aii  abrupt  onset  dependent  upon  such 
a  distinct  lesion.  Consecjuently  the  Iors  to  faradism  does  not  usually 
occur  bruskly.  In  cases  of  inflammation  of  the  facial  nerve,  however, 
the  decline  and  loss  of  faradic  contractility'  are  very  early  phenomena. 
In  alcoholic  multiple  neuritis,  while  not  quite  so  i)rompt,  they  are 
yet,  as  a  rule,  not  long  delayed.  This  abolition  of  faradic  ccmtractil- 
ity  may  vary  very  much  in  different  regions  of  the  body  in  tlie  same 
(tatient.  Thus  faradic  contractility  may  be  well  preseiTed  in  some 
muscles  and  much  diminished  or  totally  abolished  in  others.  This 
fact  demands  care  in  observation,  for  erroneous  conclusions  may  be 
drawn  from  a  haniy  and  incomplete  examination.  Even  the  muscles 
in  the  same  segment  of  the  limb  will  vary  among  themselves.  Thus 
the  extensor  group  of  the  forearm  and  leg  may  show  comi)lete  abo- 
lition of  contractility,  while  the  flexor  muscles  will  still  give  a  re- 
sponse. In  some  muscles,  even  quite  paralyzed  and  markedly  atro- 
phied, there  may  occasionally  be  found  a  sliglit  faradic  contractility*. 
This  is  probably  due  to  the  fact  that  all  the  fibres  in  the  muscles  are 
not  eij[ually  degenerated,  because  all  the  nerve  fibres  supplying  them 
are  not  ecjually  inflamed. 

As  the  faradic  contractility  declines,  changes  much  more  complex 
occur  in  the  galvanic  excitability  of  the  muscle.  These  changes, 
unlike  those  to  faradism,  are  indicative  of  the  reaction  of  the  muscle 
itself  and  not  of  the  nen^e  fibre.  They  depend,  in  fact,  upon  the 
cessation  of  the  influence  of  the  nerve  fibre  upon  the  muscle  fibre  and 
the  gradual  degeneration  of  the  latter.  Hence  they  are  i)roperly  to 
l>e  regartleil  Jis  muscular  phenomena,  and  they  are,  properly  speak- 
ing, the  true  reactions  of  degeneration.  First,  in  order  of  time,  is  a 
slight  initial  increase  in  the  gjilvanic  excitiibility.  This  is  shown  by 
the  re8i)on8e  of  the  muscle  to  a  milder  current  than  would  normally 
excite  a  contraction.  This  initial  increase  is  probably  a  sign  of  irrita- 
tion. It  is  but  brief,  lasting  at  best,  as  a  rule,  but  a  few  days.  It  is 
rather  more  common  in  abrupt,  rapidly  acting  lesions  than  in  those 
that  ordinarily  cause  polyneuritis.  Thus  it  is  much  more  likely  to 
be  seen  after  section  of  the  nen'e  or  after  such  an  inflammation  as 
occurs  in  the  case  of  the  fjicial  nerve  after  ex])osure  to  cold,  than  it  is 
in  alcoholic  multiple  neuritis.  In  fact,  its  occurrence  at  all  in  al- 
coholic multiple  neuritis  is  ])erhaps  somewhat  theoretical.  I  do 
not  recall  clearly  having  seen  it  in  any  instance.  After  a  few  days, 
the  rule  is  for  the  galvanic  excitability  of  the  muscle  to  diminish 
slowly  but  progressively.  It  is  not  abolished  rapidly  like  the  faradic 
contractility.  These  alterations — i.e,,  the  increase  and  decrease  in 
galvanic  irritability — are  called  qnntttifafire  changes.  This  progres- 
sive diminution  is  almost  constantly  seen  in  polyneuritis.     Its  ra])id- 
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ity  and  intensity  will,  of  course,  dei^^nd  upon  the  severity  of  i 
case.     In  some  cases,  or  in  some  muscles  in  some  cases,  itmijl 
advance  to  complete  disappearance.     It  may  even  escape  obeer 
in  mild  cases,  uidess  care  is  nsed  to  cHtimate  the  strength  of  then 
rent  and  to  compare  the  reaction  of  the  diseased  muscle  with 
a  healthy  one. 

As  the  quantitative  changes  take  place,  changes  ako  occur  iil 
order  of  the  reaction  of  the  current  to  the  two  poles.     As  will  b»| 
called  by  reference  to  the  section  on  normal  electrotonuB,  a  mo 
when  innervated  by  a  healthy  nerve  responds  first  and  most  vigon 
to  the  cathodal  or  negative  pole  at  the  closure  of  the  cmrrent; 
to  the  anodal  closure  or  the  anodal  opening—these  two,  in  fact,  i 
ing  slightly.     But,  aa  a  rule,  the  response  of  the  muscle  to  the  I 
closure  is  more  marked  than  to  the  anodal  opening.     Fij 
muscle  responds  least  of  all  to  the  cathodal  jjole  at  the  ojieningi 
current.     Consequently  the  normal  formula,  as  already  given,  SI 
follows : 

CCC  >  ACC  >  AOC  >  COG 
or  as  occasionally  hai>pens : 

CCC  >  ACC  =  AOC  >  COC 

As  the  muscle  begins  to  degenerate,  a  change  txjcurs  in  the  m 
of  its  reaction  as  expressed  by  the  normal  formula.     First,  the  i 
sponse  to  the  cathode  or  negative  pole  at  closure  diminishes— i.€,,  ] 
re^juires  a  stronger  current  to  elicit  this  response.     At  the  saiael 
the  excitability  of  tlie  muscle  to  the  anode  or  positive  ix>le  at  i 
sure,  while  diminishing   slightly,  does  not  do  so  in   proportioa  I 
the  cathcnle.     Hence  in   time   the  ACC  may  equal  or  even  en 
the   CCC.     Further,   the   response   of  the  muscle  to   the  anode 
the  opening  of  the  pole,  never  as  a  rule  very  conspicuous,  dimift^l 
iwhes  and  disappears  entirely.     Finally,  the  response  of  the  mn^j 
cle  to  the  cathode  fir  nei^ative  pole  at  the  oijening  of  the  cnrrentr! 
which  is  iiractically  never  seen  in  the  normal  muscle  except  with  and*  1 
ceedingly  strong  and  almost  unbearable  ctirrent,  may  now  apiieui 
esijecially  in  advanced  cases  of  degeneration.     As  a  consecpienco,  t!i6 
typical  and  complete  reaction  of  degeneration  is  expressed  in  the  fol- 
lowing formula: 

ACC  >  CCC  >  COC  >  AOC 
the  last  element  l)eing  ]iraetically  abolished. 

These  alterations  constitute  what  are  called  the  serial  reaetio 
degeneration. 

In  peripheral  multiple  neuritis  these  serial  changes  may 
many  variations,  according  to  the  severity  and  extent  of  th^ 
In  the  early  stages  or  in  mild  cases  there  may  be  simply  a 
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tion  in  the  CCC  so  that  it  becomes  about  equal  to  the  AGC  and  the 
response  of  the  muscle  to  either  pole  at  the  opening  of  the  current  is 
not  seen.  This  modified  form  of  reaction  usually  accompanies  a 
slight  diminution,  or  even  in  some  cases  a  comx)lete  loss,  of  faradio 
contractility.  In  more  severe  or  more  advanced  cases,  the  CCC  may 
fall  below  the  ACC,  while  the  AOC  is  entirely  absent  and  the  COC 
has  not  yet  manifested  itself.  In  my  observation,  this  is  the  most 
common  alteration  of  the  electrical  reaction  in  multiple  neuritis  and 
may  be  expressed  thus : 

ACC  >  CCC  (AOC  and  COC  not  appearing.) 
The  appearance  of  the  COC  even  in  advanced  cases  of  multiple  neu- 
ritis is  not,  in  my  observation,  a  common  occurrence.  The  formula 
of  degeneration  as  thus  given  is  maintained,  as  a  iiile,  during  the 
continuance  of  the  stage  of  degeneration.  The  ACC  continues  to 
maintain  its  precedence,  although  with  gradually  diminishing  force. 
In  cases  in  which  the  muscle  proceeds  to  ultimate  complete  degener- 
ation, the  CCC  gradually  diminishes  and  is  ultimately  lost.  The 
last  response  of  the  expiring  muscle  is  to  the  anodal  pole  at  the 
closure  of  the  current,  the  ACC. 

The  changes  thus  described  may  be  taken  as  a  type  of  the  reac- 
tions of  degeneration  as  occurring  in  ordinary  multii)le  neuritis. 
Variations  from  this  type  undoubtedly  occur,  but  they  are  all  in  line 
with  the  dejiarture  from  the  classical  formula  of  normal  reactions 
here  given.  It  occasionally  hai)pen8  that  these  serial  reactions  of 
degeneration  are  not  so  well  marked  as  the  degree  of  motor  paralysis 
would  lead  the  observer  to  8U8i)ect.  This  may  l)e  due  to  the  fact, 
already  explained,  that  in  mild  cases  the  motor  neurons  may  be 
sufficiently  incai)acitated  not  to  be  able  to  transmit  motor  impulses, 
but  may  still  be  able  to  maintain  some  nutritional  control  over  the 
muscle.  In  mild  cases,  for  insbince,  there  may  be  mereh'  a  slight 
diminution  in  the  faradic  contractility  without  any  alteration  in  the 
normal  formula  for  galvanic  contractility. 

A  third  change  in  the  response  of  the  degenerating  muscle  to 
galvanism  is  seen  in  its  manner  of  reaction.  Instead  of  the  quick, 
tonic  contraction  so  characteristic  of  the  response  of  a  normal  mus- 
cle to  electricity,  there  may  be  a  slow  or  sluggish  response  which  is 
unmistakable.  This  usually  occurs  only  when  the  other  electrical 
phenomena  of  degeneration  are  well  marked.  It  is  called  the  modal 
change. 

Finally,  in  some  cases  of  neuritis  the  muscle  may  present  the 
phenomenon  known  as  "duration  tetany."  This  consists  in  a  pro- 
long or  sustained  contraction  of  the  muscle  during  the  continuance 
of  the  i)assage  of  the  current.     It  is  in  marked  contrast  to  what  oc- 
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cura  in  Uenltli,  wlit-ii,  ati  U  well  known,  the  muscle,  as  a  rale, 
ti'aciH  only  during  ♦^itber  the  making  or  the  breaking  of  tht^  ci 
I.e.,  diiriu^'  the  inHtant  of  the  rapid  (.'hange  from  one  atate  o£  eleclK^ 
tonuti  U>  riiiother. 

The  Sensory  Symptoms, — Sensation  is  UHually  profoundly  affet^ted  , 
in  ©very  case  of  multiple  n^MiritiK.     It  may  be  affeetetl   in  otiet  <^T 
several,  or  all  t*f  Hh  mixW;  and   it  may  either  l>e  excited  or  part- 
ly ised* 

One  of  lliB  mo8t  common  and  characteristic  of  the  affoctionn  cil 
sennatitm  in  /Mtiit.  Thin  in  iwmdl\  an  early  phenomenon.  It  in 
marked  eHi>ecially  in  the  miLscidar  miusses  themselvee,  but  in  aiiio 
experienced  in  the  nerve  trunks.  The  character  of  the  pain  varies 
slightly.  In  soniefew  ciiscs  it  is  described  its  slutrji  and  lancinating, 
but  for  the  majority  of  cases  it  is  burning  and  exquisitely  se%*eie» 
In  the  early  stJiges  of  the  disease,  in  fact,  it  is  the  m*ist  urgt^nt  Mym|>- 
tom,  and  one  which  at  tliis  time  may  Iw  ivjuUly  mistaken.  Thus,  (or 
iustauce,  it  1ms  not  infretiuently  l>een  attributed  to  rheumatiam.  Its 
favcjrite  seats  are  in  the  paralyzed  muscular  niiisses  and  in  the  o%*t*r- 
lying  skill.  So  exqiiisit4'ly  t<^nder  aud  sensitive  do  theiie  parta 
become  that  the  imtientii  cannot  liear  the  slightest  itmch  or  manipula* 
tion.  Even  ci>rit^u"t  with  tlie  l)edclothes  may  Im  uidiearabh^.  ThlB 
w**H  uottnl  more  than  a  hundred  years  ago  by  Lettsom,  \vh<*  aaid  tbiU 
the  tenderneHs  of  the  parts  was  so  extiuisite  that  the  weight  of  tlie 
finger  excitetl  shrieks  and  moaning.  In  consequence,  the  t)iitienl 
views  with  evident  appi'ehension  any  advance  towarda  examining  his 
legs  and  arms.  HaiitUing  the  parts  or  even  gently  stroking  the  skim 
may  cause  <'ries  of  pnin.  bnt  tlie  greatest  agony  is  exjierienceil  fmm 
firm  pre.ssure  on  the  nene  trunks  at  their  more  ex[M>sed  puinta, 
e«|)ecially  from  squeezing  the  paralyzed  muaclea.  This  tern 
of  the  muscular  masses  is  so  characteristic  and  constant  tluit 
be  saiil  to  l»e  patliogmmiouic  of  the  disease,  ami  is  seen  in  no 
affection.  Tlie  soles  of  the  feet,  too,  are  often  exquisitely  sensitiv«^. 
Even  in  alcoholic  patients  with  marked  helietude  or  stu|Kir,  this 
symptvmi  can  be  eliciteil  usually  witlumt  difficulty.  Pains  of  a  neu- 
ralgic  character  are  also  sjKintaneous  in  this  (lisease.  They  occta 
e8]>ecially  wheu  the  patient  attempts  any  voluntary  movement,  and 
are  then  usually  asscx^iated  with  the  cram jhI ike  conditiou  alreftdy 
described.  In  attempting  to  move  the  leg  the  patient,  it  not  loo 
batUy  paralyzed  in  the  arms,  may  endeavor  to  assist  the  ino^-emeiil 
by  slipping  his  i»r  her  hand  under  the  thighs,  as  T  have  lately  s^n  a 
patient  do.  The  expression  of  pain,  or  even  terror,  on  the  piilieot*i 
face  is  8<m)etimes  striking,  and  it  is  not  uncommon  for  women  to 
shed  tears  l>eoanse  of  their  suffering.     These  jmins  are  usually  woni# 
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'the  legs,  feet,  toes,  and  about  the  knees,  although  thej  are  not 
iting  in  the  upper  extremities. 

Parxrsthema  is  very  coEomonly   seen  in  multiple  neuritis*     This 
consist  in  eeusations  of  tingling,  formitjation,  etc.     These  sen- 
ions  are  variounly  described  by  the  patients  themselves »     Thus 
patient  described  them  as  a  sense  of  cold  water  trickling  down 
lei;.     For  another  patient  they  were  like  the  contact  of  some  hot 
^tAnce.     A  seDse  of  combined  tingling  and  numbness^  however,  is 
rhaps  the  most  common  of  these  paresthetic  symi*toms. 
AniFslhema  is  an  almost  constant  symptom  of  multiple  neuritis^ 
varies  very  much,  however,  in  l>oth  location  and  extent,  according 
the  circumstances  t>f  the  case  and  the  cause  of  the  dinease.     In 
>holic  ciises  it  is  almost  universally  foimd  in  some  degree  at  Home 
or  other  of  the  affection,  but  in  lead  cases  it  is  not  so  common. 
may  be  distributed  somewhat  irregularly,  and  is  more  constantly 
?n  in  the  legs  below  the  knee  than  elsewhere.     It  is  a  very  constant 
iptom  in  the  ataxic  ty  pe  of  the  disease,  and  is  then  no  doubt  the 
ause  of  the  incoordination  seen  in  these  cases.     The  modes  of  sen- 
laatinn  most  involved  are    the  tactile  and   thermal.     The  former  is 
eapecially  impaired,  but  in  many  cases  it  will   be  found   that  the 
I  patient  cannot  readily  distingnish  heat  and  cold.     Analge^ia^  how- 
wer,  is  not  usually  seen.     On  the  contrary,  as  already  described, 
iiiere  is  hyperalgesia  even  to  the  slightest  touch.     This,  however,  is 
not  always  so  in  the  advanced  stages  of  severe  forms  of  multiple 
neuritis,  although  even  in  them  I  have  seen  hyperalgesia  well  marked. 
The  combination  of  anaBsthesia  with  some  hypertesthesia  or  hyper- 
ilgeeia  is  a  striking  characteristic  of  the  disease  in  some  cases.     The 
alteration  of  the  thermal  sense  is  not  always  striking,  aod  may  even 
be  absent  in  cases  in  which  amesthesia,  esi)ecially  to  a  slight  touch, 
is  well  marked.     This  characteristic  of  the  an^sthei^ia  should  not  lie 
ignored.     Thus,  while  a  slight  touch  may  not  be  perceived,  deejier 
preasure  may  be  felt  both  as  a  tactile  and  a-s  a  painful  sensation, 
Eetaniation  of  sensation  may  also  be  noted  in  some  cases.     Some 
aatliom  claim  that   thermal  anfesthesia  is  not  common  in  multiple 
neuritis,  yet  I  have  seen  it  in  severe  cases  in  which  the  amesthesia 
alaowas  well  marked.     It  may  he  said  in  a  general  way,  therefore, 
tiiat  a  slight  degree  of  tactile  amesthesia  is  the  first  and  commonest 
*""  *l)«erved,  but  tins  may  coexist  with  extreme  sensitiveness  to 
.nd  with  i>reservation  of  the  thermal  sense.     Later,  tiictile  an- 
na may  be  more  profound  and  is  then  associated  with  some 
of  thermal  anesthesia,  but  the  sensitiveness  to  pain,  especially 
p  X)ressure,  is  rarely  abolished  even  in  advanced  stages  of  the 
severe  cases.      Sensitiveness  to  the  electrical  cuiTent  may  be 
Vol.  XI. —27 
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impaired  if  a  very  mild  current  is  applied  lightlj  to  the  akin; 
stronger  currents,  especiall}^  if  they  cause  muscular  contraction, 
very  painful  in  the  early  stages  of  the  disease.     Later,  bs  the 
tends  to  recover,  the  electric  current,  both  faradic  and  Kakanic, 
be  borne  without  much  discomfoi't, 

Tlie  Ti^pkic  LesioiW,  — The  trophic  lesions  in  multiple  neuritis 
varied.  The  most  constant  and  sticking  is  atrophy  of  the  mi 
This,  as  already  explained  in  a  i^receding  part  of  this  paper,  is 
inevitable  sequence  o£  degeneration  or  deHtructiou  of  the  peripl 
motor  neurons  or  their  axis  cylinders  fi^om  any  cause  whal 
Thus  it  occurs  after  injuries  to  nerves  as  well  as  with  inflammatiafti 
them,  and  the  process,  so  far  as  the  muscle  is  concerned,  is 
in  both  of  these  instances.  In  multiple  neuritis,  of  course,  tiua 
generation  dei^ends  upon  the  destruction  or  obstruction  of  the  i 
cylinder  in  or  near  its  peripheral  distribution.  The  muscular  fibreii' 
then  cut  off  irmn  its  true  trophic  centre,  wliich  is  in  the  cell  Ixxljf 
the  motor  neuron  in  the  anterior  horn  of  the  gray  matter  of  the  spi 
cord.  This  pr<jcess  of  degeneration  in  the  muscle  l>egins  prom] 
when  the  axis  cylinder  is  interrupted  or  destroyed  by  inflammal 
In  jieriplieral  multiple  neuritis  it  is  usually  an  early  symptom, 
paraljf'zcd  and  ]jaiuful  muscles  become  soft  and  flabby.  The 
muscular  tone  is  al>oliehed  and  the  muscle  losers  rapitUy,  aa  a  rale,  ii 
bulk.  As,  however,  the  degree  of  severity  and  completeness  of  iur 
flammation  of  the  nerve  trunk  varies  in  different  cases,  so  this  pie* 
nomenon  of  atrophy  will  vary.  In  mild  cases,  while  some  degree ol 
it  is  always  apparent,  it  may  not  advance  to  complete  de3tractio&  d 
the  muacle.  In  severe  cases,  however,  of  long  standing,  the  atr<3phj 
may  be  so  complete  that  apparently  but  little  if  any  true  muscular 
tissue  remains.  This  is  seen  especially  in  the  j>eroneal  muscles  b 
the  leg  and  in  tiie  extensor  muscles  of  the  wrist  and  hand.  ThjA 
atrophy  of  the  muscles  is  never,  as  a  iiile,  associated  in  multiple  neo- 
ritis  with  librillation,  im  is  usuaOy  seen  incases  of  anterior  poUomr©- 
litis.  Exceptions  to  this  rule  are  stated  by  some  obeen'ers  to  oocBfi 
biit  they  must  be  very  rare.  The  paralysis  always  precedes  tki 
atrophy.  In  some  rare  cases,  in  fact,  there  may  be  a  marked  paiilj- 
sis  without  very  distinct  amyotrophy.  This  probably  indicates  tiut 
the  axis  cylinder  lias  nt>t  been  entirely  destroyed  I 
incapable  of  transmitting  motor  impulses,  but  th 
serve  its  continuity  sufficiently  to  maintain  its  t 
is  tima  seen  that  the  two  phenomena,  paralysis  f 
necessarily  coexistent,  although  in  the  vast  r 
one  follows  rapiiUy  upon  the  other.  This 
further  seen  in  the  decline  of  the  disorder. 
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to  recoTer,  the  atrophied  muscles  begin  to  respond  to  the  voli- 
tional impulses^  and  may  even  regain  considerable  activity  before 
the  nutrition  begins  apparently  to  improve.  This,  however,  may 
be  only  in  appearance  and  not  in  reality,  because  the  activity  of 
the  muscle  being  much  more  readily  appreciated  by  the  eye,  may 
seem  to  advance  more  rapidly  than  its  regeneration.  It  is  probable, 
in  fact,  that  in  a  great  majority  of  cases,  at  least,  the  two  func- 
tions proceed  together,  and  that  as  the  muscle  regains  its  power 
to  contract  it  is  also  beginning  to  reestablish  its  nutrition.  This  is 
scarcely  the  place  to  enter  into  an  exhaustive  discussion  of  the  ques- 
tion whether  any  types  of  progessive  muscular  atrophy  may  be 
dependent  u]X)n  a  progressive  peripheral  neuritis.  Charcot  and 
Marie  have  presented  a  group  of  cases  of  progressive  muscular  atro- 
phy in  which,  in  the  absence  of  autopsies,  they  proposed  the  hypoth- 
esis that  the  process  was  dependent  upon  a  peripheral  neuritis. 
Hoffmann  has  likewise  recorded  such  cases,  for  which- he  proposes  the 
name  of  ''progressive  neurotic  muscular  atrophy."  He  thinks  that 
these  cases  hold  a  middle  position  between  those  that  are  caused  by  a 
degenerative  process  in  the  spinal  cord  on  the  one  hand,  and  the  true 
primitive  myopathies  on  tlie  other.  This  type  of  case,  if  it  is  truly 
existent,  must  depend  upon  an  extremely  slow  and  progressive  neuri- 
tis which  invades  the  peripheral  nerve  ending,  not  all  at  one  time, 
but  in  series  or  groups.  Consequently,  in  such  cases  the  muscular 
atrophy,  attacking  only  fibre  after  fibre  of  the  muscle,  would  appear 
to  go  before  the  paralysis.  This  is  because  the  muscular  fibres  still 
intact  would  retain  a  power  of  contraction.  This  tyi)e  of  case,  how- 
ever, can  scarcely  be  included  in  a  description  of  peripheral  multiple 
neuritis  such  as  is  designed  here.  The  process  resembles  one  of 
progressive  degeneration  rather  than  of  acute  neuritis,  widespread 
and  coming  on  rapidly,  such  as  we  are  here  considering.  It  is  worth 
while  to  recall,  however,  that  this  type  of  slow  progressive  muscular 
atrophy,  i)ossibly  due  to  a  peripheral  neuritis,  has  been  observed  to 
follow  the  infectious  diseases,  such  as  typhoid  fever  and  measles,  as 
has  been  described  in  the  section  on  etiology. 

(Edema  or  swelling  of  the  paralyzed  members  is  seen  in  some 
cases  of  peripheral  neuritis.  It  is  especially  common  in  beriberi. 
It  is  also  seen  to  advantage  in  some  cases  of  alcoholic  neuritis.  It  is 
especially  prominent  in  the  legs  below  the  knee,  although  it  is  not 
unusually  seen  also  in  the  forearms  and  hands.  In  estimating  the 
true  significance  of  this  symptom,  it  is  well  to  recall  that,  in  alcoholic 
cases  especially,  the  heart  and  lungs  may  be  seriously  affected  and 
that  the  oedema  may  be  promoted  by  impairment  of  these  organs. 
Still,  we  know  that  oedema  can  and  does  occur  as  a  result  of  nerve 
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injury  nnd  biiliseqiient  iuflaminatiuu,  mid  therefore  there  is  uo  reamin 
for  hesitating;  to  rej^ard  this  symptom  as  in  the  nature  of  a  trf^phic  or 
a  least  a  vaacKmotor  affection.  Swelling  and  even  effusion  into  thd 
joints  have  lMM?n  ret^irded  by  some  observers.  Deformitieft  of  the 
joint**,  in  fact,  in  long-standing  cases  are  not  nncommon.  Thtine  mt^ 
no  doubt  promoted  by  the  coiitriRrtures  and  disuse,  but  are  also  evi* 
dently  partly  trophic  in  character.  The  finger-joints  es|)ecially  may 
become  swollen  and  tender  so  as  to  simulate  rather  clo?*ely  a  rheu- 
matic or  gouty  affection.  Glossy  skin  is  usually  seen  in  associntioa 
with  the  twlema.  It  may  even  lie  present,  in  fact,  when  very  little, 
if  any,  swelling  of  the  parts  is  present. 

In  long-stamling  cases  the  nails  and  hair  may  be  affected,  jiiAt  MM 
Is  seen  and  has  idready  b*^en  clescrilitHl  in  traumatic  neuritis. 

Destructive  trophic  lesions  of  the  skin»  such  as  hftj^fs^  p^tmphiguA^ 
and  irhiilotv,  are  nr*t  seen  in  the  comu^rmer  ty[>e8  of  multiple  neuritis. 
Thus  in  alcoholic  cases  I  do  nf»t  recall  ever  to  have  seen  them.  Tliey 
are  very  common,  however,  eHi)ecially  destructive  whitlows,  in  the 
auresthetic  form  oi  le|>rosy,  which  doiM*uds  upon  a  neuritis.  Th© 
reason  for  the  absence  ot  these  destructive  skin  lesions  in  alcnholie 
multiple  neuritis  is  not  easy  to  state.  The  affection  of  the  nerves 
has  all  the  characteristics  of  an  irritative  and  destructive  proeesa, 
and  yet  the  clinical  fact  remains  that  we  do  not  have  these  leeiooa  is 
cases  due  to  alcohol  and  leatl.  The  same  may  }yd  said  of  bed^cwBS. 
They  are  not  common  in  multiple  neuritis.  Their  absence  on  the 
trunk  may  possibly  l>e  due  trj  the  fact  that  the  nerves  of  the  trunk 
are  not.  as  a  nde,  so  seriously  involved  as  the  nerves  of  the  extremi- 
ties. Consequently  the  nutrition  of  the  trunk  doea  not  suffer  ao 
much  f%»  does  that  of  the  arms  and  legs.  Bedsores  may  fonn,  how- 
ever, on  the  heels  and  ankles  and  also  alx>ut  the  hipa  in  aloahalie 
nittltiple  n«*uritis  if  care  lie  not  taken  to  guard  {^^ainst  them.  In  a 
case  of  extensive  multi|de  neuritis,  f fallowing  typhoid  fever,  which  oc- 
curred in  my  service  in  the  Methodist  Hospital,  very  oljstiiuite  bed* 
sores  mTurred  in  the  region  of  the  malleoli.  One  of  these  contiQuecl 
as  an  open  indolent  ulcer  for  many  weeks,  in  sjiite  of  the  fact  that 
preeeure  was  carefully  avoided  and  that  the  sore  was  dresAed  with 
antiseptic  prec^autions.  Prolmbly  one  rcasciu  why  lienlsores  do  not 
form  more  fre(|uently  on  the  bods  and  ankles  and  hips  in  multipltt 
neuritis  is  that  these  i»arts  ai-e  accessible  and  hence  can  lie  guarded 
from  such  results. 

VtMcend  and  Intenml  Drnmh-rn. — In  many  cases  of  multiple  ueu- 
ritis  there  are  symptoms  referable  to  the  viscera  and  other  internal 
|iarts  and  organs.  Tliese  may  lie  divided  into  two  claaaes;  first, 
those  that  are  caused  directly  by  the  poiaon  which  cauaee  the  neo* 


i. 


MULTIPLE  NEURITIS.  421 

ritifl,  and  second,  those  that  are  due  directly  to  the  neuritis  itself. 
The  first  class  cannot  be  appropriately  considered  in  detail  here. 
They  are  the  symptoms  merely  of  a  general  systemic  affection  and 
are  not  necessarily  associated  with  neuritis;  in  fact,  they  frequently 
occur  in  cases  in  which  there  is  no  neuritis.     Still,  as  forming  a  part 
of  the  clinical  picture,  they  may,  at  least,  be  briefly  referred  to.     In 
alcoholic  cases,  for  instance,  it  is  not  unusual  to  find  the  symptoms 
of  gastric,  hepatic,  and  renal  disease.     These  are  such  as  may  occur 
in  any  case  of  chronic  alcoholism.     Occasionally  a  patient  presents 
tlie  symptoms  of  a  gastric  catarrh.     There  is  irritability  of  the 
stomach,  with  indisposition  to  take  food,  and  very  rarely  nausea  and 
vomiting.    These  symptoms,  however,  are,  in  my  observation,  very  un- 
common.   In  cases  in  which  they  do  occur  the  forced  abstinence  from 
alcoholic  drink  soon  establishes  a  cure,  and  henceforth  the  patient 
may  be  able  to  take  a  fair  quantity  of  nourishment.     I  have  noticed 
in  several  of  these  patients  a  jaundiced  hue  of  the  conjunctiva,  with 
some  enlargement  and  tenderness  of  the  liver.     These  symptoms 
probably  indicate  a  chronic  catarrhal  hepatitis.     I  have  never  yet 
seen  a  case  of  cirrhosis  of  the  liver  complicating  multiple  neuritis. 
It  seems  to  me  that  for  some  reason  alcoholic  neuritis  does  not  occur 
readily  in  the  type  of  patients  who  develop  the  cirrhotic  liver.     This 
liver  occurs  especially  in  men  who  have  been,  as  a  rule,  high  livers. 
They  are  often  stout,  well-fed  individuals,  who  have  not  been  exposed 
to  great  privation  and  over-exertion  in  cold  and  wet  places.     On  the 
other  hand,  multiple  neuritis,  as  we  know,  is  very  likely  to  occur, 
especially  among  women,  in  individuals  who  have  been  half  starved 
aDd  suffered  much  exposure.     It  may  possibly  be  a  logical  deduction 
from  these  facts  that  the   peripheral  nervous  system  suffers  more 
readily  in  these  individuals  than  does  the  liver.     I  recall,  however, 
one  instance  of  a  young  woman,  aged  twenty -eight,  the  subject  of 
chronic  alcoholism,  who  had  suffered   much   privation  and  expo- 
sure, and  who  died  of  cirrhosis  of  the  liver.     In  this  instance,  while 
there  were  marked  emaciation  and  apparent  atrophy  of  the  muscles  of 
the  legs  and  arms,  there  had  not  been  during  life  any  well-marked 
symptoms  of  multiple  neuritis.     Diseases  of  the  kidneys  are  not  un- 
usual in  old  alcoholic  cases.     I  think,  however,  that,  as  a  rule,  the 
symptoms  of  advanced  kidney  disease  are  not  very  common  in  cases 
of  alcoholic  multiple  neuritis. 

Disorder  of  the  heart  is  very  common  in  some  forms  of  peripheral 
neuritis.  In  the  alcoholic  type,  the  derangement  of  the  heart  con- 
stitutes one  of  the  gravest  complications.  This  is  manifested  by  ex- 
treme rapidity  and  weakness  of  the  heart's  action.  It  is  not  uncom- 
mon in  these  cases  to  have  a  pulse  ranging  constantly  above  100  and 
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it  may  eveu  be  aa  high  as  120,  130,  or  140.  I  ksio  i 
cases  iu  whiclj  the  latter  rate  was  maiDtaiiied  for  m  mam 
In  oue  ca^e,  io  a  woman  in  the  Philadelphia  HospiAd,  li 

of  the  heart  was  the  cause  of  HUtldeo  and  on^pected  del 
be  worth  while  to  state  that  t}ie  sudden  death  in  Ihs  ew 
be  due  to  tlie  application  over  the  heart  of  an  ioe4»g,  whidi 
at  the  suggestion  of  an  eminent  clinician  who  saw  the  case  in 
Bultatiou.     This  tachycardia  is  geneiidly  considered  bj  anil 
be  due  to  involvement  of  the  pneumogaatric  nerre.     Dejerine, 
by  Bahinski,  has  noted  alterations  in  this  nen-e  in  a  case  ol 
era!  neuritis  in  which  tachycardia  was  a  symptom.     It  is  f^mt 
understand,  of  course,  how  inflammation  of  the  pneamof^astri 
may  cause  tachycardia  and  eveu  sudden  death.     The  inhibitory 
tion  of  this  nerve  upon  the  heart  is  well  understood*     When  for 
reason  this  is  interfered  with,  as  by  inflammation,  graire  disorder 
the  rate  and  rhythm  of  the  heart  inevitably  resultn.     In  cases  of 
mittent  paralysis  of  the  cardiac  branches  of  the  vagus,  accordiisg 
Landois  and  Stirling,  acceleration  of  the  pulse  ateve  160,  200, 
even  240  beats  a  minute  h^is  l>eeu   noted.     At   the   same  time, 
beats  vary  much  in  rhythm  and  force.     In  this  connection,  also,  it 
well  to  recall  that  if  the  trunk  of  the  vagus  be  paralyzed  there 
labored,  deep,  and  slow  respirations.     Iu  diphtheritic  [taralysis, 
more  than  iu  alcoholic  paralysis,  fatal  impairment  of  the  ni 
mechanism  of  the  heart  is  to  be  feared.    It  is  not  an  tmcommon 
(if  sudden  death  in  these  cases. 

The  t<iiigue,  soft  palate,  and  pharynx  may  be  involved  in  malti] 
neuritiH.  This  is  not  commonly  seen,  however,  in  alcoholic 
In  diphtheritic  cases  it  is  far  from  uncommon.  The  veil  of  the  p 
and  the  muetms  membrane  of  the  i>harynx  may  be  quite  anjesi 
so  that  the  reflex  movements,  normal  in  these  parts,  on  tickling 
irritating  with  a  sliarp  iustrnmeut.  may  te  entirely  abolished.  Vti^ 
ralyais  of  the  velum  pahiti  iu  diphtlieritic  cases  is  the  cause  of 
some  characteristic  sympt^ims,  such  as  the  nasal  speech,  slow  ml 
diftirult  artieuhdinn,  and  nuoring  during  sleep,  Disonlers  of  degjl- 
tition  are  observed,  especially  on  attempts  at  swallowing  liquii 
These  may  regurgitate  through  the  nose.  Solid  or  semi-solid 
stiincea  are  swallowed  more  easily,  as  they,  of  course,  do 
read3'  passage  through  the  posterior  nares.  This  diffieu] 
tion  is  much  increased,  of  course,  if  the  muscles  of  th*= 
sometimes  occurs,  are  p'  "^  n  solid  « 

be  swallowed  only  wit^ 
much  increased  from 
the  risks  in  these  case 
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tioDS  of  food.  These  may  not  be  x)erceptible  to  the  patient  because 
of  the  ansBsthesia  of  the  parts  and  the  consequent  abolition  of  the 
normal  reflexes.  Paralysis  of  the  tongue  is  not  so  common  in  these 
cases.  Babinski  notes  that  the  paralysis  may  even  extend,  in  some 
caseB,  to  the  lix)S  and  cheeks.  East  has  noted,  in  one  case  of  poly- 
neuritis, not  only  paralysis,  but  atrophy  of  the  tongue. 

Disorders  of  digestion  have  already  been  noted.  Reference  may 
be  made  here,  however,  to  the  question  which  has  been  raised  by 
some  observers  whether  painful  gastric  crises,  similar  to  those  ob- 
served in  locomotor  ataxia,  may  occur  in  polyneuritis.  Confusion 
may  arise  here  on  account  of  the  painful  state  of  the  stomach  due  to  a 
gastric  catarrh,  especially  in  alcoholic  cases.  Such  a  gastric  catarrh, 
as  already  said,  may  be  present  in  these  cases,  but  it  cannot  be 
said  to  be  a  true  trophic  or  neurotic  aflfection,  beipg  due  rather  to 
the  direct  irritating  effect  of  alcohol  upon  that  viscus.  Hence  it 
seems  to  me  erroneous  to  regard  it  as  analogous  to  the  gastric  crises 
of  locomotor  ataxia.  Considering,  however,  the  irritation  and 
subsequent  paralysis  of  the  pneumogastric  nerv^e,  it  may  be  con- 
sidered rather  remarkable  that  gastric  symptoms  due  to  this  cause 
are  not  more  commonly  observed  in  multiple  neuritis.  Thus  we 
might  suppose  that  nausea  and  vomiting  would  be  more  common 
symptoms.  I  have  observed  nothing,  however,  to  establish  such  an 
opinion. 

Disorder  of  the  intestines  is  not  common  in  any  form  of  multiple 
neuritis,  if  we  except  the  well-known  colic  of  lead  poisoning.  This 
symptom,  however,  cannot  positively  be  claimed  to  be  due  to  an 
affection  of  the  nerves.  It  has  been  suggested  as  a  mere  hypothesis 
that  this  lead  colic  is  due  to  the  action  of  the  poison  upon  the  nerves 
of  the  intestine,  but  this  has  not  been  established  as  a  fact.  Con- 
stipation is  frequently  noted  in  peripheral  neuritis,  but  that  it  is  due 
to  a  paralysis  of  the  walls  of  the  intestines  is  not  proven.  Paralysis 
of  the  rectum  and  the  sphincter  muscle  of  the  anus  is  a  very  unusual 
symptom  in  multiple  neuritis.  In  cases  in  which  incontinence  of 
feces  occurs,  this  is  usually  due  rather  to  the  hebetude  or  stuporous 
condition  of  the  patient  than  to  a  true  local  affection  at  the  terminus 
of  the  gut. 

The  Special  Semes, — The  special  senses,  with  the  exception  of  the 
eye  and  its  muscular  apparatus,  are  seldom  if  ever  affected  in  any 
form  of  multiple  neuritis.  I  have  never  seen  any  affection  of  smell, 
taste,  or  hearing  in  this  disease.  It  is  possible  that  in  some  alcoholic 
cases  which  I  have  seen  the  senses  of  smell  and  taste  may  have  been 
somewhat  blunted,  but  owing  to  the  mental  torpor  and  confusion  of 
these  patients  the  tests  for  these  senses  have  seldom  been  satisfactory. 
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I  have  made  no  obQervatiou,  nor  have  I  seeu  reports  from  otheni» 
of  liuy  affection  of  the  audit4»ry  nerve. 

The  optic  nerve  aod  flonie  of  the  miiftcleH,  both  extrinsic  and  to- 
triDsic,  of  the  ^ye^  may  be  prafoiiiiiUy  affectt'd  in  some  forms  of  mul- 
tiple neuritis.  These  affeetioDB  are  mneh  more  common  in  the  neu- 
ritis due  to  leml  and  to  diphtheria  than  in  that  causetl  by  alcohol. 
In  the  latter  formH  any  affection  of  either  the  nerve  or  the  nmscles  is 
rare,  altJion^^h  iuHtances  liave  been  reported.  It  is  possible  that 
sufficiently  earefnl  examinations  of  the  optic  nerves  and  the  optic 
ninRcleH  are  not  made  in  casen  of  alcoholic  multiple  neuritis,  and  that 
affectioDH  of  the  kind  here  noted  would  be  more  conunouly  rejtorted 
if  such  examinations  were  made. 

Paralysis  of  the  extrinsic  nmscles  of  the  eye  Is  not  uuubujvI  in 
diplitheritic  paralysis.  The  most  coniuion  is  paralysis  of  the  ex- 
terual  rectus,  sometimes  in  both  eyes,  causiuK  a  convergent  strabismus. 
Tliis  is  not  uncommonly  seen  io  children  suffering  with  this  diseiaM' 
and  may  be  one  of  tlie  earliest  symptoms  uoteil  by  the  parents  or 
frienils.  Thus  a  mother  reported  to  me  that  the  first  thing  she 
noticetl  in  her  child,  who  had  Ijeen  convtdeseent  several  weeks  from 
diphtheria,  was  that  he  ft(|uiiited.  This  imralysis  cauaee  diplopia 
and  the  patient  wilt  prolmbly  conifdain  early  in  the  disease  of  double 
vision.  Paralysis  of  the  third  or  m^ulomotor  nen*©  is  not  so  com- 
mon in  dii4itheria.  although  iiiatjinc<*K  of  it  are  on  i*ecord.  Thus,  in 
a  noteworthy  case,  Bemak  observed  an  asa<)ciated  paralysis  of  the 
oculomotor  and  abduceas  nerves  in  each  eye ;  and  at  the  aat(^|isy 
Mendel  found  changes  in  the  roots  of  these  two  nerves  (quoted  by 
BabinHkiK  In  some  of  these  grave  forms  of  complete  external  oph- 
thalmoplegia the  diphtheritic  poison  attackM  the  oculomotor  nuclei 
in  the  midbi'ain  beneath  the  mjueduct  of  Sylvius  anil  the  associated 
nucleus  of  the  sixth  nerv^e  in  the  pons.  These  cases,  then,  constitukt 
examples  of  thesujM^rior  polioeucejdnilitis  of  Wernicke.  In  ah?oholtc 
cases  paralysis  of  the  extrinsic  or  intrinsic  muscles  of  the  eye  must 
be  extremely  rare.  Ptosis  and  paralysis  of  the  external  rectua  miiaole 
has  been  noted  in  a  very  few  cases.  Babinski  quotes  Thamsea  aa 
having  ol>Her\'ed  paralysis  of  the  external  rectus  four  times  and  ptosis 
twice  in  twenty -six  cases  of  ah*oholic  neuritis.  This  is  certainly  an 
exceptii>nal  exy»erience,  as  probably  few  obsen^ers  could  claim  that 
they  had  seen  ]>aralysis  of  the  ocular  muscles  in  twenty-five  i>er  cent 
of  their  cases  of  multiide  neuritis. 

Paralysis  of  the  ciliary  muscle  causing  hiss  of  jKiwer  of  accoiD* 
mrKlation  is  a  very  common  Bt>%piel  of  diphtheria.  It  is  probablj 
absent  in  few,  if  any,  cases  of  diphtheritic  paralysis.  It  is  the  cause 
of  the  weakness  of  vision  cora]>lained  of  by  these  patients  even  in  the 
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absence  of  other  marked  paralytic  symptoms.  Adults  are  rather 
more  likely  to  notice  and  speak  of  paralysis  of  the  muscle  of  ac- 
commodation than  are  children,  especially  small  children.  It  inter- 
feres with  reading  and  with  the  use  of  the  eyes  for  other  fine  work, 
and  consequently  is  quickly  noted  by  older  children  and  by  adults. 
It  is  not  usually  associated  with  any  loss  of  power  of  convergence  of 
the  eyes,  and  as  a  rule,  to  which  there  are  probably  few  exceptions, 
there  is  no  paralysis  of  the  iris.  Consequently  the  pupil  contracts 
freely  to  light.  This  is  not  to  be  confused  with  the  well-known 
AigyU-Bobertson  pupil,  in  which  the  pupillary  reflex  to  light  is  lost, 
but  its  reaction  on  accommodation  remains.  This  x^aralysis  of  ac- 
commodation from  diphtheria  is  bilateral,  and  it  is  often  one  of  the 
most  persistent  of  the  phenomena  of  postdiphtheritic  paralysis.  It 
is  not  a  symptom  observed  in  any  other  form  of  multiple  neuritis,  so 
far  as  I  know. 

Paralysis  of  the  iris  is  a  rare  symptom  in  any  form  of  multiple 
neuritis — so  rare,  indeed,  as  to  constitute  of  such  cases  a  sort  of  clinical 
curiosity.  The  Argyll-Robertson  pupil  is  not  seen  in  any  form  of 
multiple  neuritis.  This  pupil,  in  which  the  reflex  to  light  is  lost 
while  its  reaction  on  accommodation  is  preserved,  is  generally  held 
to  depend  on  an  affection  of  the  nerve  centres,  and  is  seen  espe- 
cially in  locomotor  ataxia  and  more  rarely  in  general  paresis.  Its 
appearance  in  auy  case  should  throw  a  doubt  upon  the  accuracy  of 
the  diagnosis  of  multiple  neuritis  and  should  raise  a  suspicion  of 
a  degenerative  process  in  the  nerve  centres.  Thus  in  the  cases  noted 
by  Eperon  (quoted  by  Babinski""),  in  which  this  author  noted  tabet- 
iform  symptoms  associated  with  toxic  amblyopia  from  tobacco  or 
alcohol,  the  Argyll-Robertson  pupil  was  associated  with  fulgurant 
pains  and  abolition  of  the  knee-jerks ;  and  the  suspicion  arises  that 
the  patients  were  suffering  with  posterior  sclerosis. 

The  optic  nerve  may  be  inflamed  or  degenerated  as  a  result  of  the 
systemic  intoxication  which  sometimes  causes  polyneuritis.  In 
chronic  leatl  poisoning,  optic  neuritis  is  not  uncommonly  seen.  Re- 
trobulbar neuritis  may  also  occur  in  cases  of  chronic  poisoning  from 
alcohol,  tobacco,  cjuinine,  and  some  other  toxic  substances.  This 
symptom,  however,  is  not  necessarily  or  even  commonly  associated 
rith  multiple  neuritis.  The  resulting  symptom  is  an  amblyopia 
caused  usually  by  a  central  scotoma.  The  periphery  of  the  field 
may  retain  its  integrity,  and  many  of  these  patients  are  only  con- 
scious of  a  slight  impairment  of  vision.  It  is  said  that  they  see 
better  in  the  dusk  or  in  a  dim  light.  In  diphtheritic  paralysis  in- 
volvement of  the  optic  nerve  is  not  common  (De  Schweinitz"")* 

Mental  Symptoms. — In  cases  of  alcoholic  multiple  neuritis  mental 
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sjmptoiQs  are  not  iiiicoriiuioB,  Ah  CloiiaUjn  has  pointed  cmi,  a  lon^- 
coiitintiod  Boakiug  in  alcoliol  in  damaging  t*>  tlje  bnuD  in  it**  mt^uUil* 
mot^jr,  and  trophic  functions.  The  ty  [)©  of  mental  disorder  seen  usu* 
ally  with  inultitile  neuritis  is  a  low  grade  of  stupor  or  cotifusional ; 
sanity.  The  patieot*H  meni*il  faeultieH  jill  neem  to  1h*  hlunted,  lu  i 
ctmes  it  is  difficult  to  fix  his  attf^utiou  tir  to  obtain  from  the  ]>atieiit  bim- 
self  a  clear  liiHtory  of  his  disease.  The  memory  is  very  mncU  impainnl^ 
e8i>eciuily  fur  recent  events.  There  may  ho  a  mild  form  of  delirium, 
but  not  quite  so  well  marked  or  active  as  in  the  well-known  delirium 
tremens.  In  this  mental  state  unsystematized  delusional  idejia  ar^j 
not  infretpiently  seen,  and  esj fecial ly  confusion  of  iiersonal  identitjl 
and  of  time  and  j)lace.  Occasionally,  in  more  chiTmic  casee,  the  d€ 
lusion  may  l>ecome  tixe<l  aitd  more  systematized  and  may  jjersever 
for  some  timeevt*n  after  the  patient^s  nientnl  faculties  seem  to  be  wot 
restored.  These  fixed  delusions  are  usually  of  suspicion  and  fear,] 
The  confusions  of  pemonal  identity  aro  perhaps  among  the  mt^ 
charac^teristic  ot  these  mental  symptonm.  The  patient  fails  to  reec 
uize  or  ]>roperly  idaee  his  friendH  and  kinilred,  and  the  confusion  m&y 
even  extend,  in  some  cases,  to  his  own  personal  identity.  HaUuciiiii*  i 
tions  of  sight  and  hearing  are  not  ctimmon  in  multiple  neuritis.  Of  i 
the  two»  the  latter  are  the  more  frequently  seen.  Beaides  alcohol, 
the  poisons  of  some  of  tlie  infectious  diseases,  as  typhoid  and  typhus 
fevers,  tiil>erculosis  and  pnerperul  se|>sis,  cnu  caasea  jisychosis  which 
is  pnictically  identical  with  tliat  induced  by  alcohol.  One  peeuliaritv 
of  this  psychosis  is  the  tendency  for  it  t*)  lie  worse  at  night,  esp**- 
ciaUy  in  the  early  houi>»  of  tlie  night  Similarly,  and  pmlmbly  for  the 
same  reason,  the  delirious  state  is  intt^nsified  if  the  [nitient  is  left  en- 
tirely  to  himself.  The  refLsons  fiir  this  are  ap}mreutly  because,  tlie 
attt*ntion  being  then  nnattnicted  by  external  f»l>je<*ts,  the  t^tieut's 
mind  lapses  into  a  dream-like  state.  Lasc^giie,  noting  the  rp»em- 
blances  of  subacute  alcoholic  insanity  to  dreamdike  states  and  rev* 
eries,  said  that  it  was  not  an  insanity,  but  a  drenm.  Rf^giti'**  call 
attention  to  the  fact  tliat  this  psychosis  is  always  of  a  melancholic 
type. 

The  loss  of  memory  is  a  striking  symptom  in  the  insauitj  of  al- 
coholic neuritis.  It  is,  in  fact,  a  fnndamenbd  symptom  uix)U  which 
probably  many  of  the  other  syra|>tonis  de^tend.  It  is  most  marked 
fi>r  recent  events,  especially  for  all  events  tliat  have  rnx^urreil  sinc^! 
the  beginning  of  the  patient's  malady.  The  memory  for  remote 
evemts  is  not  nearly  so  much  impaired,  although,  as  the  |»atient*s  at- 
tention is  diflicult  to  fix,  this  tact  cannot  always  be  satisfactorily 
tested.  The  confusion  of  events  and  of  jiersonal  identities  may  l»e 
explained,  firnt,  l|y  the  weidcness  of  iierception  and,  seetjud,  by  the 
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loss  of  memory.  Percepts  are  not  accurately  formed  or  clearly 
registered;  hence  confusion  results  in  the  patient's  mind.  Not  infre- 
quently amnesia  is  almost  the  only  manifestation  of  mental  disorder 
in  cases  of  multiple  neuritis.  Korsakoff  ""  calls  attention  especially 
to  the  fact  that  the  patient  under  these  circumstances  may  even  give 
the  impression  that  he  has  the  use  of  all  his  faculties. 

Prom  the  clinical  standpoint  it  may  be  said  that  the  type  of 
psychosis  seen  in  multiple  neuritis  from  any  cause  is  confusional  in- 
sanity. This  type,  as  is  well  known,  may  occur  after  various  infec- 
tious diseases,  such  as  typhoid  fever  and  puerperal  sepsis,  without  the 
complication  of  a  peripheral  neuritis.  It  simply  indicates  that  the 
neurons  of  the  cerebral  cortex  are  poisoned ;  and  that  in  some  cases 
this  poison  has,  in  others  it  has  not,  involved  the  peripheral  motor 
and  sensory  neurons  as  well. 

The  prognosis  in  these  cases  is  in  the  main  good  so  far  as  the 
mental  symptoms  are  concerned.  From  my  observation  I  should 
say  that  in  severe  cases  the  prognosis  for  the  mental  symptoms  is 
better  than  for  the  paralysis.  Thus  I  have  seen  patients  in  whom 
the  mental  faculties  were  gradually  restored  long  before  the  periph- 
eral symptoms  had  disappeared.  Cases  may  hapi>en,  however, 
especially  when  the  exposure  to  alcohol  has  been  long  continued, 
in  which  the  mental  disorder  may  advance  to  a  chronic  insanity  with 
fixed  delusions  of  persecution  and  with  a  tendency  to  meutal  deteri- 
oration or  dementia. 

Evolution. 

Multiple  neuritis  may  present  itself  as  a  disease  either  of  abrupt 
onset  and  acute  and  rapid  course,  or  of  slow  and  insidious  onset  with 
a  protracted  and  chronic  course. 

In  the  first  type  of  cases,  the  symptoms  may  all  be  established  in 
the  course  of  a  few  days.  There  may  even  be  slight  initial  rigors, 
with  some  febrile  reaction.  In  alcoholic  cases  esi)ecially  pain  is  a 
«)n9picuous  symptom,  but  loss  of  power  rapidly  sui)ervenes  and 
t-iehycanlia  and  mental  symptoms  comjJete  the  picture.  In  these 
wwes  the  patient  is  bedridden  from  the  very  beginning  and  presents 
the  appearance  of  grave  illness.  Such  cases  not  infrequently  prove 
fatal.  They  are  occasionally  seen  also  following  diphtheria,  although 
in  this  instance  pain  is  not  marked.  Very  rarely  lead  and  arsenical 
poisoning,  the  latter  especially,  present  this  tyi)e  of  abrupt  onset 
&nd  acute  course. 

In  the  second  class  of  cases,  the  onset  is  slower,  and  some  days, 
or  even  weeks,  may  elapse  before  all  the  symptoms  are  manifested. 
In  these  cases,  also,  pain  is  an  early  and  urgent  symptom,  and  the 
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patient  may  even  Imj  sur4i>t?ctetl  of  BulFeriog  with  rheuittatifim  or  oeo* 
ralgia.  Motor  symptoms,  however,  mauifeet  theiDselveii  in  tiizi^  atid 
eveutually  the  pntieiit  may  be  betlriddeii.  Some  of  theae  caaes  nm 
mikl  and  the  i>atient  may  even  not  be  totally  iucai>iR*iUiiiMl*  Thoj 
usuaJly  seek  their  beds,  however,  from  choice,  as  the  paios  am  macb 
relieved  by  alisiiluk^  rf^st.  Between  these  two  extremes  all  kthcIbs  of 
severity  are  nt*ted.  In  diphtheritic  ciises,  as  alrejuly  said,  the  Avrnf^- 
toms  of  iiaralysis  may  not  manifest  themselves  until  Ihe  (lattotii  is 
well  advanced  in  convalesceuee  from  tJie  priiiuiry  diHeam^,  The  fur- 
ther advanced  he  in,  as  a  rule,  the  milder  the  symptoms  will  be. 
Exce|*tion8  to  this  rule,  however,  oc^ur.  I  have  seen  in  one  in- 
stance a  widespread  diphtheritic  paralysis  occur  in  a  iduld  as  late  •• 
the  fourth  week  of  the  primary  disease.  In  tyi^hoid  fever  Uie  ajrmp* 
toms  usually  manifest  thp^mselves  Ijefore  the  patient  leaves  his  bed. 
Pain  and  tenderiieHs  of  the  nerve  trunks  are  the  earliest  of  thmm 
symptv)mH,  They  occur,  in  fiict,  in  some  crises  ot  typhoid  feTer  in 
which  motor  paralysis  never  becomes  conspicufms,  Sacli  caae^  am 
usually  of  sliort  duration  and  of  favorable  termination.  In  tulierca- 
lous  jtatients,  the  evolution  of  peri|»heral  nouritiH  may  lie  very  slow 
and  insidious.  The  disease,  in  fact,  is  probably  not  infrequently 
overlooked  in  these  cases,  l)eiii^  dis^^uised  by  tlip<  ►ceuenil  |»ro(itxi^ 
tion  and  failure  of  the  patient,  owing  to  the  iiulmuuary  disaaaa 


Clinical  Form& 

As  ab^eady  said,  multiple  neuritis  presents  itself  under  a  Tarietjr 

of  ft>rmH,  according  es[»ecially  to  its  exciting  cause.  The  chief  of 
these  will  lie  briefly  iuilicated  here  in  order  to  complete  the  clinical 
picture  of  the  disease. 

Akvftolic  FoiifttturlfiJi.— The  deBcriijtion  already  given  iu  detail  of 
the  symptoms  of  multi|»le  neuritis  refers  so  directly  to  the  alrcjhoUc 
type  of  cases  that  little  more  need  be  done  here  than  briefly  to 
gr*3Up  8yni|>toms  and  to  recapitulate.  In  alcoholic  multiple  neuritis 
the  sjdient  feature^i  are  the  acute  pains  in  the  luflamtHl  nerveci  and 
especially  in  the  muscular  nuisses  and  in  the  skin  overlying  them; 
the  motor  iiandysis,  involving  especially  the  extensor  muscles,  with 
consequent  hand-  and  foot-dnji*;  contractures;  nuiscidar  atro|>by,  and 
the  appearance  of  the  reactions  of  degeneration.  Severe  ea^oB  ar« 
compliciited  with  tachycardia  and  luiralysis  trf  some  of  the  nmadaa 
of  respiration.  Finally,  there  is  often  some  grade  of  a  oonfnciional 
peychosis. 

The  onset  in  these  cases  is,  as  a  nde,  insidicnis;  altliough  cas«^ 
oocur  iu  which  the  dM)ui  is  brusk^  eipeciaUy  after  exposure  to  c^d 
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wet,  and  occasionally  after  the  puerperiiim.     The  onaet  of  the 
is  marked  usual!}'  bv  the  pains,  burning  or  neuralgic  in  ehar- 
r,  especially  in  the  extremities  and  more  particularly  about  the 
le^s,  ankles,  toes,  and  soles.    These  may  simulate  rheumatism 
en  locomotor  ataxia,  and  have  led  in  numerous  cases  to  mistakes 
diagnosis.     Later  the  paralysis  manifests  itself  and  soon  dieiables 
^  patient  U)  such  an  extent  that  he  becomes  Ijed-ridden.     Tlie  dura- 
of  the  disease  varies.     Mild  cases  may  end  in  recovery  within  a 
flth;  but  the  average  case,  as  I  have  seen  it,  usually  lai^ts  for  sev- 
months;  while  severe  cases  have  an  indefinite  duration  and  may 
leave  permanent  loss  of  power,  with  contractures, 
Diphtli^riilc  Polifneuntli^. —Ulie^  paralysis  that  fallows  di]>htheria 
?nts  a  special  clinical  type,  even  more  marked  than  most  forms 
Uy  other  causes.     Its  appearance  may  l)e  delayed  for  some  days 
•even  weeks  iift-er  the  membraue  lias  cleared  away  from  the  throat, 
the  patient  l>ecome  apparently  convalescent*     More  commonly, 
rever,    its   first  sym]»tom.s  appear  before  the   ]mtient  leaves  his 
The  initial  symjitom  is  usually  paralysis  of  the  iiiuscles  of  the 
and  pharynx.     This  leads  to  nasal  speech  and  the  rei^rgita^ 
of  {ochI  through  the  nose  on  atterapta  at  s  wall  own  ug.     An  oc- 
3Bal  early   symi>tom  also  is  an  unusual  snoring.     Other  early 
lyniptoms  are  referable  to  the  eye.     There  ma\'  be  paralysis  of  one 
'oTotliertif  the  c^rbital  muscles:  most  commonly  the  external  rectus 
is  involved,  usually  iu  both  eyes;  tins  causes  internal  strabisnuis  and 
I  diplopia,    of  which   the  [>atient  may   himself  complain   before  the 
8ymi»tnm  is  noted  by  others.     More  rarely  some  of  the  muscles  sup- 
vlieil  by  the  tliird  nen^e  are  implicated.     In  this  case  there  may  be 
sis  and  external  Btralusraus,      Power  of  accommodation  is  lost 
xly  in  dii>htheritic  paralysis.     This  is  perha}>s  one  of  the  most 
at  symptoms  and  nniy  occur  even  in  cases  iu  wliicli  other  para- 
lytic symptoms  are  not  obseiTed.     It  disables  the  eye  for  reading 
and  for  near  vision,  and  is  more  aonoying  to,  and  hence  more  likely 
to  be  noted  by  adults  and   older  ehildren  than   by  the  very  young. 
Ajiotlier  characteristic  symptom  in  dij>htheritic  paralysis,  cHpeci/dly 
inoliildren,  is  head-drop.     This  is  caused  by  jiaralysisof  the  nuiscles 
at  the  l3ack  of  the  neck,  especially  the  trapezius.     The  head  falls 
{oTwvkfd  with  the  chin  resting  ujKm  the  st^L^rnum,     I  once  saw  this  so 
marked  in  a  little  boy,  six  years  of  tige,  tlntt  the  child  was  unable 
I'ate  the  head  w^ithout  passive  support  beneath  the  chin.     One 
5  most  fatal  complications  of  any  form  of  mulliiile  neuritis  is  the 
-called  heart  failure  of  diphtheritic  paralysis.      This  n)ay  occur 
denly  in  children  whose  cases  are  a[i]iarontly   progressing  well, 
d  who  have  no  other  s^^mptoniB  of  neuritis.     It  is  the  cause  of 
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man  J  sudden  deaths  in  tbiB  disease.  It  may  bo  preceded  bj  m 
piciou8  rapidity  of  tlie  pulse  and  a  great  pallor  of  the  lips  and  face 
for  some  hours  or  a  day  or  two.  In  other  cases  the  he^irt  nUo  is 
ominoiiBly  slow,  the  pulse  fulling  as  low  as  40  or  50,  This  {lanUj- 
Bis  of  the  heart  is  no  doubt  due  to  interference  with  the  functioiift 
of  the  pneumogastric  nerve.  The  nerve  is  evidently  overfioirered 
wdth  the  toxin  produced  by  the  diphtheritic  bacillus,  but  whether  it 
is  in  a  condition  of  acute  ioflamniatiou  or  simply  on©  (jf  deeimotioo 
or  degeneration  of  its  axis  cylind«^rs  may  \yo  yet  a  fptestion. 

The  extremities  are  usually  paralyzt*tl  in  diphtheritic  iMilytieuriliii^ 
although  the  paralysis  in  the  arms  and  legs  may  not  be  so  marked  aa 
in  the  structures  just  eoumerated,  I  have  seen  a  chiKl,  for  iiisi 
with  internal  strabismus,  misal  siKXich,  hea^lHlroj),  and  tachy 
who  was  able  to  walk,  although  with  a  feeble  gait  The  ]>iuulysi8 
does  not  seem  to  locate  itself  so  exclusively  in  the  extensor  grnujm  oC 
uuiscles  as  in  alcoholic  cases.  There  is  the  same  tyj>e  of  tlac«*ad 
atrophic  paralysis  that  is  seen  in  all  ca>ies  of  polyneuritis.  Tbo 
electricid  reactions  are  lUfcered,  although  in  mild  cases  tlier©  nmjr 
not  Ije  com |)lett^  reactions  of  degeneration*  One  gniup  of  muscles, 
however,  may  differ  from  another  in  this  respect,  owing  to  the  fact 
that  the  poison  locates  itself  with  varying  degrees  of  intensity  io 
different  nerves.  There  may  be  only  a  mild  loss  of  faradic  oontrao* 
tility  in  one  set  of  muscles,  while  in  another  the  response  to  faradism 
may  \m  entirely  abolished.  Abolition  of  the  knee-jerks  is  very  com* 
mon;  in  fact,  the  knee-jerks  may  be  diminished  or  even  aliolished 
after  dijihtlieria  without  marked  loss  of  power  in  the  legs. 

The  diphtheritic  poison  sometimes  cnuses  the  ataxic  or  S4'ns< 
type  of  |Rily neuritis.  This  is  the  tyi>e  of  diphtheritic  pseudoial 
In  iliis  form  the  gait  is  ataxic.  The  seusibility  of  the  skin  of  tlie 
legs  and  feet  is  diminished  and  there  may  lie»  altlumgh  not 
monly,  some  paiu  in  the  Hmbs.  Tliis  forui  of  di^ihtheritic  fMUralji 
esi>ecially  when  it  occurs  in  adults,  may  simulate  locomotor  atAxia. 
I  once  oliservod  the  case  of  a  man,  aged  sixty  years,  who,  after 
sore  throat  which  Inid  evidently  Ijc^en  diphtheritic,  hatl 
with  numbness  and  tingling  in  the  feet  and  legs  and  a  very  ataxia 
gait.  In  his  case  a  diagnosis  of  locomotor  ataxia  had  been  made  by 
a  surgeon  iu  attendancvC,  Exact  tests  revealed  slight  muscular  waai- 
lug  and  paresis,  es|»ecia!ly  in  the  muscles  below  the  kne>eH.  The 
knee  jerks  were  entirely  abolished.  As  an  important  i>oint  fr»r  differ* 
entiation  in  these  cases,  it  is  worth  while  to  recall  tlie  hu*i  that  sevem 
pain  in  the  affected  nerves  and  muscles  is  not  common  in  diphtheritie 
paralysis.  Certainly  nothing  like  fhf^  fulguraut  pains  of  tabea  oe* 
curs  iu  this  disease.     The  bladder  and  rectum  are  not  affected,  as  a 
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nile.  The  sexual  power  may  be  diminished  or  even  lost  in  severe 
cases.  Paralysis  of  the  phrenic  nerve  and  of  the  muscles  of  respira- 
tion has  been  noted  in  diphtheritic  paralysis. 

It  should  be  borne  in  mind  tliat  the  diphtheritic  poison  is  not 
limited  in  its  effects  entirely  to  the  peripheral  nervous  system. 
Small  hemorrhages  and  foci  of  softening  have  been  observed  in  the 
brain  and  in  the  nuclei  of  the  cranial  nerves.  Thus  hemiplegia  has 
been  noted  as  the  result  of  a  lesion  in  the  internal  capsule.  Mendell 
has  reported  such  a  case.  Nuclear  lesions  occur  and  cause  paralysis 
of  some  cranial  nerves,  which  may  be  permanent;  and  Dejerine  and 
others  have  observed  alterations  in  the  anterior  horn  of  the  gray  mat- 
ter of  the  spinal  cord. 

The  course  of  diphtheritic  paralysis  is  usually  rapid  and  the  prog- 
nosis in  the  majority  of  cases  is  good.  The  possibility  of  sudden 
death,  however,  from  x)aralysis  of  the  heart  should  be  borne  in  mind. 
Polyneuriti8  due  to  Zeacf.— The  common  form  of  lead  palsy,  as  is 
well  known,  is  that  in  which  the  extensor  muscles  of  the  wrist  and 
hand  and  fingers  are  involved.  This  comes  properly  within  the  defi- 
nition of  a  peripheral  neuritis,  but  npt  so  justly  within  that  of  a  poly- 
neuritis, as  i)ractically  but  one  nerve  trunk  or  even  only  one  branch 
of  that  trunk  is  involved.  As,  however,  the  paralysis  is  symmetrical 
or  bilateral,  and  as,  moreover,  lead  does  undoubtedly  cause  inflam- 
mation of  other  nerves  in  exceptional  cases,  this  particular  paralysis 
may  be  described  here. 

The  wrist-drop  or  hand-drop  of  lead  palsy  is  caused  by  a  paraly- 
sis of  the  extensor  communis  digitorum,  the  extenso]^  primi  inter- 
nodii  poUicis  and  extensor  secundi  internodii  pollicis,  the  extensor 
minimi  digiti  and  the  extensor  indicis,  the  extensor  carpi  ulnaris,  and 
the  extensor  carpi  radialis  longior  and  brevior.  A  peculiarity  of  lead 
Iialsy  is  that  in  some  cases  it  i)ermits  the  patient  to  extend  the  hand 
upon  the  wrist  when  the  fingers  are  flexed.  The  flexor  muscles  of  the 
hand  are  not  paralyzed,  although  their  functions  are  improperly  per- 
formed. This  is  due  to  the  physiological  law  already  exi)lained  on  a 
preceding  page,  according  to  which,  when  any  muscular  group  per- 
forms a  coordinate  movement,  its  opposing  group  joins  in  that  move- 
ment. Thus  in  the  normal  action  of  the  flexors  of  the  hand,  it  is 
necessary  that  the  extensors  should  contract  slightly  and,  as  it  were, 
steady  the  arm  and  hand  as  though  for  a  basis  of  action.  When  this 
power  of  the  extensors  is  lost,  as  in  lead  palsy,  the  flexor  muscles  act 
in  an  awkward,  feeble,  and  incoordinate  manner. 

In  lead  paJsy  the  extensor  muscle  of  the  metacarpal  bone  of  the 
thumb  and  the  supinator  longus  muscle  are  not  paralyzed.  These 
important  exceptions  are  characteristic  of  this  form  only  of  polyneu- 
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ritis;  hence  kliey  liave  great  imi^ortaDc^  fi»r  diflfereuliatif>ii.  Sensft- 
tion»  as  a  rule,  is  uot  aflVcteJ  in  this  limited  fnrui  uf  lead  i^alsy.  The 
type  of  paralysis,  as  in  **tln^r  forms  of  polyneuritis,  is  the  tlnoeid . 
iitrophii'.  Atrtj[»liy  nf  tlio  muscles  occurs  promptly  and  proceeds  I 
an  extreme  degree.  Tlie  l»aek  of  the  forearms  c^n8e<|uently  becomas 
flattened  and  aitj^arently  devoid  of  muscular  tissue.  Tlie  n>iiclioiaii 
of  degeneration  show  tlieuiselves  usually  in  all  their  classical  iiliaBW, 
although  in  mild  cases  there  may  be  merely  a  jiartial  rt^actioa  of  i 

geupratiou.  The  uiuaclofti 
the  foi^arm  that  are  affect* 
ed  in  lead  jKiisoiiiiif^  are 
supplied,  with  one  exc*ep- 
tion,  by  tlio  posterior  inter* 
0888008  Derve — not  by  tbe 
radial,  as  is  commonly  aaid« 
The  exception  is  the  estei^ 
Hor  carpi  nMlialis  IoDgior» 
which  is  supplied  by  a 
l>ranch  from  the  tuosculo- 
;  »ind.  The  radial  ifl  a  seii- 
-wry  nen-e. 

More  widespread  jiaraljr- 
sia  ia  sometimee  seen  in 
casea  of  lend  palay.  Mita- 
cle®  commonly  affect^**!  am 
the  deltoid,  bicei»8»  Itrachi- 
alia  anticus,  and  aujiiua- 
tor  lougus*  This  is  the 
npi)er-arra  tyi)G  of  ]ianil?* 
sis  of  Ducheune.  Tliese 
muscles  have  some  physio- 
logical and  anatomical,  aa 
well  as  [»ath(>logicid,  aaao- 
ciation,  for  as  Duchenne  showed  they  can  he  all  made  to  react  ia  uni- 
son to  an  electrtxle  placed  at  a  certain  jHiint  just  above  the  clariele. 
Paralysis  of  the  nerves  and  muscles  of  the  leg  also  may  occur  in  lead 
poisoning.  Some  of  the  thigh  muscles  may  be  affeet^^  but  the  mua- 
oles  most  likely  to  sufl'er  are  the  extensor  muscles  pnijier  below  the 
knee — i.e.,  the  extensora  of  the  toes  and  the  peroneal  group.  The 
tibialis  anticus  is  said  to  escaj^»e  just  as  dtjes  the  sn})iDat«3r  longos 
in  the  arm. 

The  polyneuritis  due  to  lead  is  esjiecially  characterizetl  by  the 
absence  of  paiUj  in  this  resjject  i>resenting  a  marked  contrast  to  akc- 
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hoUc  neuritis.  While  arthralgic  painn  are  not  uncomiuon  in  t'lii-onic 
l«^a<l  iioisoiiing,  they  must  uot  \m  miBtaken  for  the  jmins  of  neuritis. 
Even  at  the  onset  of  paralytic  syn]i>tnnua,  paiu  in  tlie  none  tininks 
&n<l  in  the  paralyzed  mnscies  is  not  common.  Allien thesia  in  alno,  iis 
%  role,  conspicuous  by  its  absence,  although  a  slight  numbneHs,  or 
even  Ices  or  retardation  of  sensation,  may  Ije  noted  r>ccasioiially  in 
the  area  of  tlistrihution  of  the  railial  nerve.  Cramj^s  are  sometimes 
observed  in  the  legs  at  the  onset  of  lead  palsy.     They  are  not  com* 
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Fm.  48,  -S&rtie  m  Fig-  42. 

D*oalr  seen,  however,  in  the  arms.  Tremor  is  a  rare  symptom  in  lead 
poi^tiiDg,  and  e8j>ecially  iu  cases  in  which  paralysis  has  occurred. 
'Ojilethe  two  symptoms  are  not  incompatible  with  each  other,  they 
do  Dot  commonly  coexist,  in  my  observation,  in  auy  form  of  multiple 
^ttritis.  The  ataxic  type  of  multiple  uenritis,  the  so-called  pseudo- 
**be!8,  is  occasionally  seen  in  lead  poisoning.  I  have  recorded 
■^  a  case,  to  which  reference  has  already  been  made."  In  tliese 
*W«!8  a  diminution  or  alteration  of  the  sensory  function  may  some- 
^Inies  be  detected  by  careful  examination.  In  the  case  referred  to. 
Vol.  XI.— 28 
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aDfiesthesia  waa  observed  in  the  legn,  the  hands,  and  the  soles  of 
feet.     The  legs  and  arms  were  sliglitly  cuDtraotiired,     The  e: 
and  internal  eve  miiseleB  were  normal.     Sexual  power  was  uornml 
the  control  of   the  bladder  was  perfect.     The  gait  w*ai§  ataxic, 
flapping  of  the  feet  w^as   not   marked*     The    h^mch^   and  ft^t 
slightly  <jedematoua.     There  w^as  partial  reaction  of  degeneratiaii 
abolition  of  faradie  contractility  in  all  the  paretic  muscles, 
atroph^'  was  noted  by  Dr*  Gould,  no  doubt  the  result  of  a  pi 
oi»tic  neuritis.     The  dia^mosis  w^as  of  chronic  lead  i>oisonii4;, 
multiple  neuritis  and  c<mtracted  kidney.     At  the  autopsy  no  ledi 
was  found  in  tlie  siiinal  cord,  but  microscopical  examination  revi 
the  presence  of  neuritis.     The  absence  of  the  Happing  gait  in  this 
tient,  so  characteristic  of  locomotor  ataxia,  was  due  to  a  slight  ft 
drop,  which  obliged  the  patient  to  lift  his  feet  high  from  the  groi 
and  bring  them  down  with  the  toes  fii-st. 

A  type  of  progressive  muscular  atrophy  is  sometimea  noted 
lead  poisoning.     Slow  progressive  w^asting  with  fibrillation  is 
and  this  accompjinies   instead  of  succeeds   the    |*aralysis.     I  lui 
recorded  l>rietly  such  a  case  in  ray  article  on  "  Diseases  of  Ol-cuj 
tions/'  page  3(J4,  Yob  III.,  of  this  series.     The  man  wa«  a  wori 
in  a  white-lead  factory.     He  had  extensive  muscular  atrojihy,  inn 
ing  the  muscles  (jf  the  arms  and  shoulders^  and  also,  to  a  less  e; 
those  of  the  legs.     The  arms  were  weUnigh  powerless,  but  the  mi 
cles  had  not  lost  their  electrical  irritability.     SenBation  was  i}ot b- 
vnlved.     Since  that  report  this  patient  has  largely  recovered  the  ii» 
of  his  arms.      (See  Figs.  4*2  and  43.) 

Other  rare  types  of  i>aralysis  may  occur  in  lead  palsy.  Remnk 
reports  an  instance  t>f  mommeuritis  multiplex  or  progressive  multipb 
Inralizeil  neuritis.  It  occurred  in  a  typesetter,  and  began  witliamf- 
(jtrniihic  paresis  and  reactirms  of  degeneration  in  the  muscles  iBIle^ 
vati'd  l>y  the  left  ulnar  ncr\e.  There  w^as  no  history  of  lead  poisoniiig, 
although  the  patient's  occupation  strongly  suggest**  the  possibility 
of  this.  Three  months  later  paralysis  with  par^esthesia  began  in 
the  rii^ht  thigh.  This  was  caused  by  localized  peripheral  netiritis 
ill  i\u'  motor  nerves  to  the  iliopsoas  muscle  and  in  the  anterior  crurJ 
ami  i  ►hturator  nerves.  The  process  w'as  shown  to  be  peripheral  by  tie 
iiivulvemeut  of  the  seuscjry  tilires  of  the  anterior  crural  nerve  a 
paralysis  c^f  tho  sartorius  muscle,  which  does  not  occur  in  pol 
litis,  and  by  the  nctrmal  state  <jf  the  tibialis  anticus.  The  uhi; 
of  the  right  liaiul  was  next  affected.  Bemak  thinks  that  tht 
of  the  disease  justifies  the  diagnosis  of  j polyneuritis,  but  this 
seems  to  hr'i\(-  l»een  distributed  in  only  well-defined  areas 
.ut  geiK'niL     lt<nn;kk  argues,  not  very  conclusively,  that  lead  ^ 
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the  cause  of  the  neuritis,  because  this  progressed  after  the  man  had 
stopped  working  with  type,  and  because  lead  palsy,  in  the  rare  cases 
in  which  it  appears  in  the  lower  extremities,  never  attacks  the  crural 
muscles  alone.  The  peculiarity  of  the  case  consists  in  its  somewhat 
erratic  course  and  want  of  symmetry,  and  the  name  mononeuritis  mul- 
tiplex has  been  suggested  for  it. 

Fraenkel ""  reports  a  case  of  multiple  neuritis  in  which  the  left 
facial  nerve  was  involved  and  in  which  tumors  of  the  skin  were 
present  in  the  extremities.     These  develox)ed  in  the  early  stages  of 
the  disease  and  seemed,  therefore,  to  have  some  relationship  with  it. 
They  were  arranged  symmetricaUy.     Histologically  they  consisted 
of  small  round  cells,  larger  epithelioid  cells,  and  spindle-shaped  and 
giant  cells.     The  tubercle  bacillus  could  not  be  demonstrated  in  these 
tomors  and  inoculation  gave  negative  results.     There  was  no  history 
nor  sign  of  syphilis.     Fraenkel  claims  that  gummata  of  the  skin, 
when  not  successfully  treated,  will  usually  soften  and  ulcerate  or 
occasionally  contract,  in  consequence  of  caseation  at  the  centre.     In 
this  patient,  contraction  of  the  tumors  was  observed,  apparently  as  a 
result  of  treatment.     It  has  not  been  positively  proven,  however, 
according  to  Fraenkel,  that  syphilis  causes  multiple  neuritis.     This 
patient  had  been  exposed  to  lead  poisoning,  but  Fraenkel  argues  that 
the  facial  paralysis,  the  severe  and  spontaneous  pain,  the  sensitive- 
ness to  pressure  of  the  nerves,  skin,  and  muscles,  are  difficult  to  ex- 
plain as  symptoms  of  lead  intoxication.     Such  granulomata  of  the 
skin  are  certainly  unknown  in  lead  poisoning  and  facial  paralysis  is 
rare  in  these  cases.     The  possibility  of  a  rheumatic  origin  of  the 
tumors  is  suggested.     Whatever  their  origin,  they  seemed  to  have 
been  due  to  the  same  poison  that  caused  the  neuritis.     Fraenkel, 
however,  is  inclined  to  attribute  the  growths  to  syphilis. 

According  to  Babinski  paralysis  of  the  diaphragm,  of  the  inter- 
cogtal  muscles,  and  of  the  laryngeal  muscles  may  occur  in  some 
cases  of  acute  neuritis  due  to  lead.  These  are  alarming  complica- 
tions and  may  end  in  death,  but  they  are  rare. 

The  Polyneuritis  of  Leprosy, — One  type  of  leprosy,  as  already  ex- 
plained, is  the  anaesthetic  form,  or  the  troi)honeurotic  leprosy  of 
I*loir.  This  is  marked  by  a  prodromal  period  in  which  there  may 
^  according  to  Leloir,  fever,  a  tendency  to  sleep,  painful  gastric 
symptoms,  and  rheumatoid  and  neuralgic  pains.  Anaesthesia  is 
padually  established.  Later  there  is  an  eruptive  stage  in  which 
extensive  maculae  form.  Trophic  lesions  occur,  such  as  extensive 
destraetion  of  the  fingers  and  toes.  With  the  anaesthesia  there 
^^snaHy  occurs  some  degree  of  paralysis  and  muscular  atrophy,  with 
'^hich  there  may  appear  either  partial  or  complete  reactions  of  de- 
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geiierstioD,  The  resemblance  of  some  forms  of  ani^istlietic  leproay 
to  the  form  of  8>riD^<^»iii>elia  origiDiilly  tletjcrilKnl  In  Jlorviiu,  and 
culled  by  hit*  name,  has  been  already  referred  to  {nee  iHige  96). 
Le|irnii3  neuritis  is  ehaniokvrized  by  a  very  rhrouic  ami  pnigrwtiiive 
ecmi-Re,  It  dejieiidH  oimii  im  »ulvoiititi<HiH  iiiHaiimjatiou  iu  which  th© 
Bheaths  of  the  uerve  and  of  the  fas^-icidi  an*  i^i'eatly  tljifkeiinh  Thii* 
eventually  causes  iirensuro  uik>u  and  destructinu  f»f  the  axis  cylinderH. 

Btrihtri. — This  iliscuise  luis  for  its  chief  characteristic,  as  alr^^ailjr 
explained  on  a  precedijig  page,  an  iuflaiinuation  of  the  iit?irv« 
Beril^ri  is  of  infectif)us  orii^in  and  occui's  es[iecially  ia  Ckiiia/^ 
Japan,  and  India,  although  iu  recent  yenm  it  h*iH  lieeu  noted  Doi 
infrefpientiy  iu  otlier  regions  of  the  ghplx^.  It  is  K'^nemlly  sup-- 
posed  to  be  due  to  a  niicrol>e,  jdthou^:;li  iinpnuier  and  iuanffieieiit 
fooil  is  evidently  an  active  fact^ir  iu  its  rnusjition.  Thus  in  the  cane 
of  three  men  oliserved  in  the  Philadidjihia  Ht>ipitah  reported  bj 
Dercuni,""''  a  <liet  of  old  salt  beef,  uiost  of  which  was  s[hu1I^  [mor 
bread,  and  (X'csisionally  lieans,  while  the  jiatients  were  working  in  the 
phosphate  beds  in  one  t^f  the  West  India  ishiuils,  had  eviileutly  \>m 
a  potent  cause.  The  disease  is  frotiuently  associatecl  with  intestine 
parasitt^s,  although  these  have  not  been  jiroved  to  have  an  etioloi^ical 
relationship. 

There  are  several  types  or  forms  of  lieril*eri.  In  the  very 
nant  fi>rm  febrile  symptoms  with  anasarca  predominiito.  In 
neurotic  form  the  symi»tonis  of  peripheral  neuritis  are  well  marked. 
These  are  numbness,  anaesthesia,  paresis,  loss  of  the  def>p  reflBxett, 
museular  atinphy,  and  more  or  less  gen«>ral  anasarca.  The  onlama 
of  the  legs  is  a  utibdvle  symptom.  Balz  and  St^heube  origtually 
demonstrated  that  the  easential  lesicm  iu  this  disease  consists  in 
a  midti|ile  jieripheral  neuritis.  Other  olieervers,  notably  Winkler, 
Mnssfi,  and  M«trelli,  have  claimed  tliat  they  have  found  a  micn>- 
orgauism  which  is  the  cause  of  the  disejise,  St>me  WTiters  havo  ad* 
vnnced  the  opinion,  with  apparently  good  reason,  tliat  l»eril>ori  ia 
not  an  infectious  disease,  Imt  is  due  to  the  use  of  bail  f<MKb  e*sf)eciallj 
poison  coming  from  the  use  of  certain  kin<ls  uf  tish.  It  hem  been 
fcmnd  that  careful  regulation  of  the  diet  and  the  substitution  of  egg^ 
frosh  meat,  and  vegetables  for  a  iliet  of  tish  and  rice  hav*^  reduced 
the  number  of  cases  in  the  Jafianese  navy  to  a  remarkable  extent. 

Diatteiic  yenritis, — Neuralgic  pains  of  a  severe  ty|>e  liave  long  been 
noted  iu  dialietes.  It  is  now  well  known  that  thei^  are  caused  bj 
irritjition  or  iufiammatiou  of  the  ner\'es.  The  symptoms  of  in» 
volvement  of  tlie  nervous  system  in  dialtetes  are  numerous.  Tlie 
cerebral  int+»xication,  causing  coma,  is  the  mf»st  conspicuous  and 
dreaded  of  these.     It  is  probably  cammed  by  the  presence  in  the  blood 
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of  acetone  or  of  some  other  substance  generated  in  the  retrograde 
metamorphosis  of  the  sugar  compounds.  This  same  substance  is 
probably  the  cause  of  the  inflammation  of  the  nerves  which  is  occa- 
sionally seen.  The  affection  is  rather  more  common  in  the  legs  than 
in  the  arms.  Pain  of  a  sharj),  lancinating  character,  or  intense  and 
boming,  is  complained  of.  Ansesthesia  may  be  present,  and  this 
may  cause  the  ataxic  tyi>e  or  the  pseudotabes  seen  in  this  as  in 
other  forms  of  neuritis.  Paralysis  and  atrophy  of  the  muscles  are 
sometimes  seen.  The  muscles  most  affected  are  the  extensor  muscles 
of  the  feet  and  toes.  The  palsy  of  these  muscles  causes  the  high 
stepping  gait  with  the  drooping  foot,  which  distinguishes  pseudo- 
tabes from  true  locomotor  ataxia.  The  knee  jerks  are  lost.  The  fol- 
lowing illustrative  case  occurred 
in  my  service  at  the  Methodist 
Hospital : 

E.   R ,    white,    woman, 

aged  61,  had  suffered  with  dia- 
betes for  a  number  of  years. 
Just  before  admission  to  the 
hospital  she  had  an  attack  of 
pleurisy  which  had  reduced  her 
greatly.  She  was  a  thin,  poorly 
nourished  woman,  who  com- 
plained of  nothing  but  general 
debility.  She  had  great  thirst 
and  a  ravenous  appetite,  in  spite 
of  which  she  had  lost  over 
sixty  pounds.  The  urine  con- 
tained about  five  i)er  cent,  of 
sugar  and  had  a  specific  gravity 
of  1.0^.  The  (juantity  of  urine 
voided  in  the  twenty -four  hours  varied  from  one  hundred  to  one 
hundred  and  fifty-seven  ounces.  This  patient's  nervous  symptoms 
began  with  pain  and  tingling  in  her  legs.  She  had  pain  also  in 
the  groin.  There  were  abolition  of  the  knee-jerks  and  slight  ten- 
derness on  pressure  over  the  calf  muscles  and  the  peroneal  nerve. 
There  was  no  distinct  anaesthesia  at  that  time,  but  there  was  slight 
f^tardation  of  tactile  sensation.  She  had  a  burning  pain  along  the 
inner  asx)ects  of  the  arms.  Later  she  had  a  staggering  gait.  The 
thermal  sense  was  abolished  in  the  toes  and  the  soles  of  the  feet. 
Power  in  the  left  leg  was  less  than  in  the  right.  The  left  arm  was 
leaker  than  the  right  and  the  deep  reflexes  were  wanting  in  both 
'inns.  Later  the  anaesthesia  on  the  soles  of  the  feet  and  on  the  toes 
^as  marked  and  was  accompanied  with  incoordination.  The  i)a- 
tient  swayed  violently  when  her  eyes  were  closed.  The  muscular 
sense  was  diminished  in  the  left  leg  and  the  sensation  to  touch, 
pain,  and  temperature  was  diminished  in  the  left  leg  below  the  knee. 
Some  cedema  of  the  ankle  set  in.      The  i)ain    in   the  feet  was  so 


Fio.  44.— Anaesthesia  in  Diabetic  Neuritis.   (Metho- 
dist Hospital. ) 


rio.  45.  -  Mulliple  Neurltt*  in  Locomotor  AUxJa.     i  rUiiikdeXphUk  H aaplt«L  V 

sioimlly  the  involvement  of  the  oeuloniotor  uenre*  hnve  long  been 
known.  Bourdon''"  in  1861  wtm  one  of  tlu*  first  to  note  aod  deflcribt 
atrophy  of  the  (x^ulnmntor  and  ^iHliieeuH  uerves  in  tabes.  Marottt 
observed  atrophy  in  the  nm>ietilar  branches  of  the  t;astrocuemttiB  in  a 
case  of  tabes.  Sulit*ef]ueiit  olwervatitms  were  made  hy  Fnetlreich,  who 
fonnd  thp  hypo^lo^ftal,  thf^  Heiatie,  the  cniral,  and  the  hmchinl  nerriS 
atropbicHi  Westj>hal  rdrnx  nnted  blight  atrophy  in  the  sciatic  uml 
tibial  nerren.  Thi'HO  r*^snlt*4,  aeenrdiiit^  to  Pitrea  and  Vaillanl,*^ 
were  not  accepted  readily  by  uenropatholoi^ittta,  who  claimeil  that  i 
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^^ft^oted  in  the  nerve  triuika  must  have  been  due  to  primary 

SSnn  in  the  gaui^Iioiiic  centr^H  of  th<>  uerveH,  Pierret,  however, 
88(),  Bt'jerine  in  lH82,  and  Pitren  in  the  same  year,  imblislied 
life  of  their  observations  upon  dej^eneratiou  of  peripheral  nerves 
W)es.  It  is  now  generally  accepted  that  a  peri]^heral  neuritis 
r  occur  in  tlus  ilisease.     Pitres  and  Vaillard,  in  their  cliiHsioal 


48.-Miiscuiftr  Atrophy,  Prnbably  duH  to   NeijKtin,  vvltli  Double  Fi'ifii!*.   Su    L«n?(irt]otor 
Ataxia.    (Burr.) 

er,  conclude  that  the  peripheral  nerves  are  frcqupiitly  the  Heat 
ilteratinns  in  tabes.  These  alterations  <ln  Oftt  dirti/r  froiu  tlioHa 
anred  in  non-trauraatic  neuritiH.  The  distribution  varies  widely. 
>  chani^es  nsnally  l>egiu  in  the  terminal  branches  of  the  nerves, 
'ir  extent  and  gravity  have  oo  coristant  relntion  with  tlie  extent 
stage  of  the  posterior  sclerosis.  These  antlnirs  rlaim,  ratlit^r 
[ttuiticallj,  that  thewe  changes  in  the  nerven  dn  ant  tigiire  in  the 
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causation  of  the  falgurant  pain^  iu  ataxia  and  tlie  abolition  of 
knee  jerks;  butj  on  the  other  haad,  that  thev  may  cause  areii 
cutaneous  ausBsthesia  and  analgesia,  trophic  lesions,  such  as 
forating  ulcer,  and  various  eruptiona,  with  dystrophy  and  fulliiig 
the  nails;  also  motor  paralysit^,  with  or  without  inuscuiar  atroj 
and  arthropathies  and  spontaneous  fractures.  These  authors 
dude  finally  that  some  of  the  viBceral  crises  may  be  caused  bj 
flammatiou  of  the  visceral  ner\'e. 

The  illustration  on  page  438  (Fig.  45)  is  of  a  tabetic  patient 
my  clinic  in  the  Philadelphia  Hospital.     She  is  in  an  advanced  si 
of  locomotor  ataxia  with  all  the  classical  sensorimotor  symptoms  of 
disease,  such  as  incoordination,  f  ulgurant  pains,  gastric  crises  of 
aggravated  type,  aliolished  knee  jerks,  and  optic  atroiihy.     She 
also  had  frequent  luxation  of  the  right  shoulder-joint.    She  now  has 
advanced  sttige  of  paralysis  and  muscular  atrophy  in  all  the 
ties  and  even  iu  the  truDk.     There  is  profound  anjesthesia  in 
these  paiis.     There  are  no  arthro]>athies  or  trophic  leeions  of 
akin,  but  the  luxation  of  the  shoulder  is  probably  due  to  soma  misl*; 
iug  and  weakness  of  the  ligaments  of  the   joint.    Another  patieni 
(Fig.  4(i)  from  Burr's  clinic  in  the  same  hospital  has  marked  msiLih 
lar  atrophy,  prol>ably  due  to  neuritis,  and  also  a  characteristic  ilauUe 
tabetic  ]>tosis. 

Aisefitcfrl  Folt/neHritiH.— This  form  is  characterized  especidlvbj 
jiain,  anaesthesia,  paralysis,  muscular  atrophy,  abolished  kiieejefbi, 
and  jitaxia.  It  ]ua\'  result  from  acute  or  chronic  forms  of  poisoning. 
It  presents  iiothiug  esiiecially  distinctive. 

Tttitrt't'iflatts  XifttitLs. — As  already  explained,  when  deseribiiig tlt& 
various  causes  of  multiple  neuritis,  this  affection,  in  a  variety  of 
grades  and  without  constant  distribution,  may  appe-ar  in  piitij'iits 
sufteriug  with  tul)ercnlosis.  The  nerves  of  the  legs,  eejiecittllj  tlifl 
great  sciatic,  seem  to  be  especially  predisposed  to  the  action  of  tbft 
poison. 

Xtnritis  of  Typhou!  Fercr. — In  this  form,  as  already  stai^,  cer- 
tain nerves,  as  the  peroneal  and  ulnar,  are  e8i)ecially  liable  to  beiB- 
vnhed.  In  severe  cases,  however,  the  inflammation  is  more  wi#" 
spreatl,  as  ia  the  case  already  referred  to,  of  which  an  illustration  i^ 
l>reHonted  on  tlie  fnllouing  jiage. 

T/tt'  Polfiifturiiis  (if  Ififm-tmi, — According  to  Putnam"** 
neuritis,  t>fteu  of  se%ere  onset,  may  follow  influenza.     Optit 
may  occur  earl >  .     Other  nervous  lesions,  such  as  meningitis 
alitis,  and  myelitis,  may  cnmjilicate  the  clinical  picture.     Thi 
polyneuritis  is  undoul)tedly  very  rare. 

Iu    describing  the  alx>ve   clinical   forms,  I  have   had 
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chietiv  t<»  tbeir  etiology.  MultiiTlo  neuritis,  however,  prei^t^uts  va- 
rioaa  tyi^es  which  are  not  caused  exclusively  by  any  oue  imrticular 
|ioison.  The  most  enuspiciious  of  these  is  the  afaxlr  tyi>e,  which  is 
ciiased  by  varions  poisons,  Jts  alcohol,  lead,  ami  the  ]M>ist*ius  of  di|)h- 
theria  and  <lialietes.  It  has  already  been  Hi>ecially  described  in  the 
preceiling  i>a4(es. 

^Inother  form  sonietinicH  seen  is  called  neurit m  miyratis.  This  is 
diar/u^terized  by  a  slowly  pro^jjressive  neuritis  extending  or  passing? 
bxm  one  set  of  nerv^es  to  another.     It  usually  has  a  verj^  chronic  course. 

Lnnz***  relates  a  ca»e  in  which  curious  atrophic  symptoms  were 
Pwbably  dae  to  a  neiaritis  migrana.  This  peculiar  aft'ection  oo 
^^nnried  in  a  Wf>man,  and  dated  from  the  period  of  her  marriage  and 
^ipusiire  in  field  work.     The  tirst  symptom  wa«  periodic  pain  in  the 


Fig.  -17.  —Multiple  NeuHtIa  Tullowiug  Tjphoij  F*ever.     (]MethtHli»t  Hu^fjitaL) 

^OBterior  yiart  of  the  right  thigh,  radiating  iuto  the  sole  of*  the  foot 

In  about  three  years  wasting  of  the  right  lower  limb  Ivegan,  and  the 

pati^Dt  noticed  that  the  right  breast  was  siaaller  than  the  left  and 

secreted  less  milk.     Still  later,  the  left  cheek  began  to  atro^jhy  and 

M  the  same  time  piiin  was  experienced  in  it.     Pains  were  noted  also 

iiitbe  Vmck  and  in  the  left  lower  lirab,  as  well  as  in  the  regions  of  the 

rigbtscapula  and  right  ui>i)cr  limb.     When  Lunz examined  the  i>atieut, 

»ho8e  disease  had  then  lasted  about  nine  years,  the  wasting  in  the  skin 

Aiiil  TDUscles  r)f  the  left  cheek  was  marked.     Atro|ihy  was  aLsi  i  noted  at 

the  inner  border  of  the  scapula,  on  the  right  side  of  the  abdomen,  and 

m  the  right  lower  extremity.     There  was  no  true  i>aralysi8,  but  the 

rij^hl  le-g  gave   out  sooner  than   the    left   in    walking.      Pain   was 

iocreased  by  movement.     Pressure  over  the  lumbar  and  sacral  ver- 

l8far»and  over  the  nen*e  trunks  and  muscles  of  the  right  lower  limb 

Giiifled  sensations  of  pain.     Tliere  was  no  anaesthesia  or  reactitm  i4 

degeneration.     The  patella  reHexes  were  exaggerated.     As  the  hyi>er* 
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BBsthesia  and  atrophy  were  limited  distinctly-  to  regions  iiiiierTalij| 
eertaiu  nerveSj  the  disease  eaouot  be   regarded   as  centraL 
believes  that  it  was  a  neuritis  migranst  and  that  the  atrophr 
probably  the  result  of  TaBomotor  disturlMinre,     It  is  scarcely 
sarj  to  follow  Luiiz  in  his  speculations  on  the  vasomotor  ongia( 
some  of  the  symptoms  in  the  case  of  his  patient.     He  reasoos  ! 
the  atrojihy  following  joint  disease  can  be  explaine4l  by  the  if 
tion  of  sensory  nerves,  which  acts  on  the  va8rimr>t<>r  centres  in 
a  way  that  vascular  constriction  is  caused.     This  patient  also  1 
attacks  of  lieadache,  verti|i;o,  tinnitus  aurium,  sensations  of  Leati 
cold,  and  free  pers})iration,  all  of  which  Lunz  believes  were  diie( 
vasomotor  disturbance. 

Diagnosis. 

Multiple   neuritis  requires  to  be  distiugiiished  especiaUv 
locouicitor  ataxia,  some  forms  of  myelitis,  the  muscular  dystroph 
ayringoniyeiia,  iusular  sclenisis,  and  hysteria. 

From  loaymoior  ataxia  it  is  not  always  easy  to  distinguish  maldp 
neuritis.     Mistakes  are  made  more  readily  perhaj>s  between 
two  diseases  than  l>etween  mnltiple  neuritis  and  any  other  affe 
This  is  true  especially  of  the  sensory  or  ataxic  type  of  polyneariti 
Locomotor  ataxia  diftei-s  frt>m  multiple  neuritis  in  its  mode  of  on 
The  fnlguraut  pains  are  lightning-like,  sj>ontaneous,  and  more  mk 
mittent  than  the  jiains  of  multiple  neuritis.     Moreover^  they  are i 
aggravated   by    pressure   upon   the  nerve  tninks   and   the  ratwcfc 
PanUytic  phenomena  are  not  seen  ea,rly  in  tabes.     The  muficles  ( 
not  atrophy  and  jiresent  re^^tctiona  of  degeneration,  except  in  theiuifj 
instiinces  in  which  a  peripheral  neuritis  is  associated  with  a  i>oet« 
scleru.sis.     Ataxia  and  swaying  with  the  eyes  shut  are  common  sy 
toms  both  in  talies  and  in  the  pseudotabes  of  polyneuritis,  but  in  I 
latter  disease  there  is  usually  some  degree  of  paresis  and  degeflenrl 
tion  of  the  mnsclps.     Hence  the  gait  diflfera  in  the  ti^^o  affeetionfi.    Ifl^ 
tabes  the  gait  is  wide  and  flapping,  the  foot  striking  first  with  ti* 
heel.     Ill  |isi*ndntaV>es  the  gait  is  high-stepping,  with  the  ftxit  dit)p- 
I)ing  and  striking  tirst  with  the  toes.     This  is  due  to  the  loss  of  power 
in  tlie  pt-roneal  and  extensor  muBclea.     In  some  few  iufitaixseSf  ii  i^ 
true,  tills  gait  of  "wtepfmge"  is  not  marked  in  pseudotabes. 
UK  »t«  n-  at;ixia  ourly  |  ciresis  a  A  the  bladder  and  impairment  of  tij 
pnwt^rnn'  nftrn  sei'iL     These  do  not  occur  in  multiple  neuri 
visftMul  i-risps  <»f  tabes  are  not  simulated  by  any  symptom  in 
neuritis,  unless  it  Ite  the  pains  tif  gastric  catarrh  in  alcoholic 
These   latter,  however,   have  not  the  spontaneous  and  in 
cliaraeter  rjf  the  cnisos,  and  they  are  increased  on   pressu 
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differences  in  the  ocular  symptoms  are  manifest.  In  locomotor 
ataxia  optic  atrophy  is  not  uncommon  while  the  characteristic  Ar- 
gyll-Bobertson  pupil  is  frequently  seen.  This  consists  of  a  paraly- 
sis of  the  iris  to  light,  with  preservation  of  its  contractility  on  ac- 
commodation. Nothing  like  this  is  seen  in  any  form  of  multiple 
neuritis.  The  claim  made  by  Eperon,  that  he  had  found  the  Argyll- 
Robertson  pupil,  with  other  tabetiform  symptoms,  in  patients  suffer- 
ing with  toxic  ambylopia  and  symptoms  of  multiple  neuritis,  has 
alrea4:ly  been  referred  to  (see  page  425).  From  his  own  reports 
there  can  be  little  doubt  that  the  patients  had  posterior  sclerosis. 
In  diphtheritic  neuritis  there  may  be  i)araly8is  of  accommodation, 
without  paralysis  of  the  iris.  In  multiple  neuritis,  it  is  true,  there 
may  be  optic  neuritis  or  post-neuritic  atrophy  in  patients  who  have 
long  been  exi)08ed  to  lead,  alcohol,  and  tobacco;  but  this  symptom 
is  not  associated  with  the  Argyll-Robertson  pupil.  The  history  in 
such  cases  also  throws  light  upon  the  diagnosis.  Finally,  multiple 
neuritis,  as  a  rule,  is  a  disease  of  much  more  rapid  onset  than  loco- 
motor ataxia.  In  severe  cases  the  patient  maj^  pass  from  a  condition 
of  comparative  health  to  one  in  which  he  is  confined  to  bed  totally 
I)aralyzed.  Lcxjomotor  ataxia,  it  is  true,  may  sometimes  have  a  rapid 
evolution,  and  the  early  stage  in  these  cases  may  closely  simulate 
multiple  neuritis.  Thus  I  have  re})ort^d  a  case  of  acute  locomotor 
ataxia**  in  a  ship's  carpenter,  which  began  apparently  as  an  acute 
multiple  neuritis  caused  by  the  patient  becoming  overheated  on  ship- 
board, while  crossing  the  equator,  and  then  having  himself  drenched 
with  buckeis  of  cool  water.  The  symptoms  which  supervened  in  a 
few  days  were  motor  paralysis  and  anaesthesia  of  the  extremities; 
but  later  the  patient  developed  well-marked  tabetic  symptoms,  with 
arthropathy  of  the  ankle-joint.  Such  a  case  raises  the  (luestion 
whether  acute  multiple  neuritis  may  be  the  starting-point  for  an  in- 
flammation of  the  posterior  column  of  the  spinal  cord.  I  have  made 
several  observations  which  tend  to  support  this  view.  Eiesmann 
and  the  writer'"  have  reported  a  case  of  endocarditis  with  septiceomia 
and  multiple  neuritis,  already  referred  to  in  this  article,  in  which 
there  was  degeneration  of  the  posterior  column  of  the  spinal  cord. 
Trophic  lesions,  such  as  perforating  ulcer  and  arthropathies,  are 
seen  in  tabes,  but  not  in  multiple  neuritis.  In  the  latter  disease 
muscular  atrox)hy  and  oedema  are  the  chief  trophic  symptoms. 
Finally,  the  etiology  of  the  two  diseases  differs.  Tal)etic  patients 
very  frequently  have  a  history  of  syphilis;  ])atientfl  with  multiple 
neuritis  have  usually  a  histor}^  of  exposure  to  some  poison  or  toxin, 
possibly  associated,  especially  in  alcoholic  cases,  with  i)rivation  and 
exposure  to  cold  and  wet. 
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Variotis  forms  of  7fUjeUtis  may  simulate  multiple  neuritis. 
terior   poliomyelitis   causes   a  llaccid   paralysis    witli   relictions] 
degeneration,  but  this  paralysis  i^  usually  confined  to  the  mnBck 
one  limb.     Subacute  anterior  poliomyelitis,  diffused  through  all  1 
Bpiual  cord,  is  a  rare  dise^ise,  wliich  closely  simtilates  multiple  i 
ritis      It  is  usually  marked  by  fibrillation  of  the  muscles  and 
not  present  the   same   rapid,   absolute   atrophy,   with  reactioMJ 
degeneration,  that  is  seen  in  multiple  neuritie.      The  faradic  \ 
tractility  especially  is  not  so  promptly  abolished.     Sensory  sj 
toms,    such    as   auieethesia  and   pain,  are   lacking   in  the 
Transverse  myelitis  is   marked   by   spastic   paraple^^ia,   mth 
gerated  knee  jerks,  and  paralysis  of  the  bladder  and  rectum,  all  i 
marked  contrast  with  multiple  neuritis-    When  in  the  lumbar  en 
ment,  however,  m^  elitis  causes  a   flaccid   paralysis,  with  mii 
atrophy  and  the  reactions  of  degeneration;   but  there  is  paraJf 
of  the  bladder  and  rectum,  and  the  paralytic   symptoms  are 
tiued  .strictly  to  tlie  legs.     This  is  not  seen  in  multiple  neuritis. 

From  Hyrhtgomifelia   multiple  neuritis    may  be  distinguished  i 
some  ea^es  onlv  with  care.     The  localization,  however,  of  the  1 
of  Hyriugomyelia,  usual ly  in  the  cervical  but  sometimes  in  theb 
n:giou  of  the  spinal  cord,  the  characteristic  dissociation  symptom  i 
wliicli  tactile  Hensibility   is   preserved  while  the  pain  and 
sense  is  abolished,  and  the  spastic  j^araplegia  with  trophic  lesiii 
all  serve  tti  distingvdsh  the  disease.     The  association  especiallv  oft 
atropine  paralysis  of  the   shoulders  and   anns,  with   sjiastic 
jKiegia,  is  cliaracteristic  of  syringomyelia,  and  is  never  seen  ini 
tiple  neuritis. 

Tlie  iiiifHViflnr  dffHfro/fhier'i  are  characterized  by  an  atrophy  of  i 
muscular  masses,  and  hence  may  simulate,  sui>erficially,  maitipi 
neuritis.  But  symptoms  depending  on  ner\^e  lesions  are  enti 
absent  in  these  iliHeases.  There  is  neither  pain  nor  amesthesia,  i 
even  paralyHiHj  except  what  is  caused  inevitably  by  the  gradual  lo( 
of  muscular  tissue.  The  reactions  of  degeneration  are  not  sefflii 
thoir  tyiJit-al  pliaHcs.  More<wer,  the  evolution  of  these  di^eaMS  1 
extremely  slow,  and  there  is  not  uuusually  a  familial  history  to  I 
count  for  them. 

If  (fifth  ft'  srh^n^fiU  could  scarcely  l>e  mistaken  for  multiple      ~^*' 
The  with'  intentiou  tremor,  the  uystagmus,  the  scanning  spi 
exaj^genited  knee  jerks,  all  distinguish  the  disease. 

Grave  forms  of  hifsferla  may  simulate  multiple  neuritis- 

true   es[)eeiall\'    of  some    of  the  bizarre  forms   of   paralj 

anorexia  and  extreme  emaciation,  that  are  occasionally  se 

ases  have  lie  en   reiiorted  by  Gull,  Duckworth,  Lasegue, 
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aathor.  In  these  cases,  while  the  paralysis  and  contractures  may 
be  marked  and  the  general  emaciation  may  closely  simulate  muscu- 
lar atrophy,  yet  there  is  no  true  degeneration  nor  reactions  of  degen- 
eration, as  a  rule.  It  is  true,  some  observers  claim  to  have  seen  the 
latter,  but  they  must  be  extremely  rare  and  can  occur  only  in  cases 
in  which  organic  disease  has  supervened  in  hysteria.  The  knee 
jerks  are  not  abolished  in  hysteria  and  there  is  an  absence  of  the 
characteristic  pain  in  the  nerve  trunks  and  muscles.  Anaesthesia 
may  occur  in  definite  areas,  especially  the  segmental  type  of  anses- 
thesia,  or  anaesthesia  in  geometrical  figures.  The  most  important 
guides  are  the  various  mental  and  physical  stigmata  that  usually 
characterize  hysteria. 

Prognosis. 

The  prognosis  of  multiple  neuritis  depends,  first,  upon  the  cause ; 
second,  upon  the  severity  of  the  case ;  third,  upon  attendant  circum- 
stances.    Some  causes  naturally  excite  a  more  grave  and  inveterate 
form  of  neuritis  than  do  others ;  or,  to  express  it  more  accurately,  the 
cause  of  the  neuritis  is  some  inveterate  disease  from  which  the  pa- 
tient cannot  recover.     Thus  the  polyneuritis  of  diabetes,  tubercu- 
losis, leprosy,  and  locomotor  ataxia  is  rather  of  the  nature  of  a 
complication  than  of  a  distinct  disease.     The  aflfection  which  it  com- 
plicates in  any  one  of  these  cases  is  by  nature  practically  incurable ; 
and  consequently  this  complication  does  not  admit  of  a  favorable 
prognosis,  as  a  rule,  with  respect  even  to  itself.     There  are  some  ex- 
ceptions, however,  even  in  this  class  of  cases.     Thus  a  mild  grade 
of  polyneuritis  in  diabetes  does  not  necessarily  require  a  hoi)eless 
prognosis.     The  symptoms  of  these  cases  may  be  controlled  or  re- 
missions may  occur  spontaneously.     The  aflfection,  however,  in  dia- 
betes is  apt  to  be  recurrent  and  ultimately  it  may  practically  be 
permanent.     In  anaesthetic  leprosy  the  prognosis  is  altogether  bad, 
for  while  the  course  of  the  disease  is  extremely  slow  and  chronic,  with 
periods  ax)parently  of  prolonged  latency,  yet  the  disease  inevitably 
progresses.     In  tuberculosis  the  cure  of  multiple  neuritis  can  scarcely 
be  hoped  for.     The  aflfection  is  ai)t  to  remain  and  torment  the  pa- 
tient for  the  remainder  of  his  or  her  life.     If  it  does  not  advance 
beyond  the  involvement  of  a  few  nerves,  this  is  probably  due  to  the 
fact  that  the  pulmonary  disease  kills  the  patient  before  the  neuritis 
can  extend  further.     In  locomotor  ataxia,  of  course,  when  multiple 
neuritis  complicates  the  clinical  picture,  the  outlook  is  all  the  more 
hopeless  for  these  patients;  and  yet  the  duration  of  the  disease,  even 
after  this  complication  is  well  established,  does  not  seem  in  some 
cases  to  be  materiaUy  shortened  by  it.     In  the  case  from  my  clinic 
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(see  Fig-    45),  the  neuritis  has  been  slowly  [progressive  for 
years  and  still  the  course  of  the  patient's  primary  disease  does 
Beem  to  be  materiaDy  hastened  bj  it.     She  is,  of  cours*-.  ^-ut 
confined  to  bed,  and  this  fact  has  eeemed  to  me  to  l>e  rather  cc 
vative  than  otherwise  in  her  ame. 

Another  class  of  causes  conlprises  alcohol,  diphtheria,  lead 
the  other  metallic  poisons.    These  poisons  do  not  neceeaarily 
fatal  neuritis.     In  estimating  the  prognosis  in  any  of  these  \ 
the  cause  itHelf  sinks  into  compai'ative  insigniticance  compared t 
the  severitji'  of  the  symptoms  and  concomitant  circumstances.    Is  I 
coholie  cases  it  is  not  always  the  neuritis  itself  that  kills. 
nary,  cardiac,  hepatic,  and  renal  complications  may  hare  a  ileto 
ing  effect.      The    most    serious    complications    dej)ending  on 
neuritis  itself  are  eufeeblement  of  the  heart  and  embarrassment  i 
respiration.     In  cases  in  which  advanced  tachycardia  is  present  i 
the  expansion  of  the  chest  during  inspiration  is  much  impaiu 
giiarded  i)rc>gno8is  should  he  given*     These  symptoms,  ho 
affect  the  prognosis  as  to  life  rather  than  duration.     In  other  i 
the  patient  may  escape  with  his  life  in  cases  iji  %vhich  these  bj 
toms  have  been  threatening  and  yet  he  may  have  a  most  protr 
course  of  ]>aralysis  with  very  slow  recovery.     The  duration,  in 
of  these  alcohcJic  cases  is  sometimes  most  i>rotracted.     It  is  noii 
usual  for  the  patients  in  sevei'e  cases  to  remain  paralyzed,  anderol 
bedridden,  for  many  mouths.     I  have  known  several  cases  inwiiickj 
little  jirogress  had  been  made  even  after  a  yejir's  treatment  in  I 
hosiiital.     In  some  instanceSy  in  fact,  the  patient  with  alcohohci 
ritis  may  l)t^  j)ernianently  paralyzed,  with  contractures  at  the 
joints.     In  alcf>holie  cases,  again,  the  mode  of  onset  has  notnlittk 
in  dt>  with  the  prngnosis.     Thus  cases  with  a  sudden  or  acute  on 
are  nnich  more  likely  to  present  dangerous  complications  than  < 
in  which  the  tmset  is  slower  and  more  insidious.     This  of  coiiiw*| 
simply  saying,  in  other  words,  that  in  severe  and  i)emicious  cftsesi 
poison  nets  with  Tiiore  rapidity  and  malignancy  than  in  milder  CMefcj 

In    postdiphtheritic   jjaralysis    the    prognosis    depends  ui^on  i 
variety  of  circumstiinces.     In  causes  wdiich  occur  early— i,f»,  befoul 
tli*J  throat  is  cleared  and   convalescence   has  well  begun— the  isM  ' 
is  iriore    doubtful  than    in  cases    the   onset  of   which    apjx 
eral  we^ks  Liter,     The  chief  comjilication  to  be  feared,  ho 
l)aralysis  of  the  heart*     Extreme  rapidity  of  the  heart,  witJ 
ment  I  if  ihf   fii-st  sf»und  and  weakness  of  the  impulse   a^ 
chest  wall,  ainl  with   riallnr  of  the  skin  and  mucous  mep- 
dwavs   a   si^ii   of  grave  ini[JOi"t,     It  does   not  necessarily 

ever,  a  fatal   issue.     The  opposite  condition  or  brady 
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which  the  heart  beat  is  much  diminished  in  frequency,  sometimes 
to  as  low  as  50  or  even  40  to  the  minute,  should  also  lead  to  a 
guarded  prognosis.  It  is  by  heart  failure,  in  fact,  that  diphtheritic 
paralysis  usually  kills.  If  the  patient  escax)es  this  danger  the  re- 
covery is  almost  without  a  question  assured.  Exceptions  to  this 
rule  may  occur  in  cases  in  which  there  is  very  widespread  paralysis 
and  in  which  palsy  of  the  palate,  pharynx,  and  possibly  even  the 
tongue  renders  swallowing  difficult  or  even  impossible.  In  such 
cases  general  prostration  rapidly  supervenes  and  the  patients  die  of 
exhaustion. 

Lead  poisoning  seldom  destroys  life  by  involvement  of  the  periph- 
eral nervous  system.  Very  acute,  pernicious  cases  of  widesj^read 
paralysis  have,  however,  been  reported,  in  which  death  has  occurred. 
Such  cases  are  extremely  rare.  The  danger  in  lead  palsy  is  of  a  more 
or  lees  protracted  muscular  atrophy  with  corresponding  loss  of  power, 
especially  in  the  extensor  muscles  of  the  forearm.  This  paralysis 
may  last  for  years — and  I  have  seen  cases  which  gave  every  promise 
of  being  permanent.  In  the  more  widespread  muscular  atrophy  of 
the  tyi)e  already  described  and  illustrated  (see  page  434),  the  course 
is  very  chronic  and  the  duration  uncertain.  In  the  case  referred  to, 
however,  I  have  seen  progressive  improvement,  and  some  of  the  para- 
lyzed and  wasted  muscles  have  been  restored,  although  the  x)atient 
is  still  in  the  hospital  after  a  period  of  three  years. 

In  arsenical  paralysis  recovery  is  not  rapid.  In  acute  cases  in 
which  the  i)oison  has  been  taken  by  the  stomach,  the  danger,  how- 
ever, is  from  the  gastrointestinal  irritation.  Secondly,  the  severity 
of  the  case,  from  whatever  cause  it  arises,  has,  as  we  have  already 
said,  much  to  do  with  the  prognosis.  In  cases  in  which  the  onset  is 
acute  and  the  disease  widespread,  the  dangers  to  life  are  much  greater 
than  in  cases  in  which  the  disease  has  a  more  insidious  onset  and 
a  more  chronic  course. 

Finally,  the  conditions  and  circumstances  of  the  patient  have 
something  to  do  with  the  prognosis.  In  women  who  have  been 
much  reduced  by  hard  work,  exposure,  poor  food,  and  over-child- 
bearing,  the  prosi^ects  are  that  the  course  of  the  disease,  even  if  the 
{latient  escapes  with  her  life,  will  be  much  protracted.  I  am  not 
sure,  however,  that  sex  itself  materially  influences  the  prognosis. 
Men,  who  have  been  much  exi)osed  and  reduced,  (iflFer  as  little  re- 
sistance to  the  disease  as  do  women.  Hence  patients  among  the 
IKX)rer,  and  i)articularly  the  pauper  classes,  are  especially  likely  to 
suffer  from  a  protracted  course  of  the  disease.  After  any  one  of  the 
infectious  diseases,  by  which  the  patient's  strength  has  been  much 
reduced,  convalescence  is  much  delayed  by  an  attack  of  neuritis,  and 
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tlie  paralysis  itself  usually  pursues  a  chronic  conrse.     This  dep 
of  course,  upon  the  extent  of  the  distribution  of  the  neuritis. 
cases  in  which  only  one  or  a  few  nerves  are  involved,  as  for  in 
the  |jeroneal  and  ulnar  nerves  in  typhoid  fever,  recovery  may  bti 
isfactory  after  a  comparatively  short  course. 

Morbid  Anatomy, 

I  have  already  discussed,  in  a  preceding  seetioB  of  this 

(see  page  42),   the  general  subject  of  the  pathological  anatomy  j 
nerv^es.     In  that  Rection  the  anatomy  of  neuritis  w^as  described,  i 
reference  can  be  made  to  it  for  details,  which  need  not  lie  rep 
here. 

Morbid  anatomists   usually  describe   two  vaiieties  of  newi 
first,  the  /mreHchf/mafons,   and,    second,  the   inters fiiiaL     As 
Dejerine-Klumpke'"'"'  has  well   said,  whatever  may   lie  the  cause  | 
I)olyneuritis,  its  pathological  anatomy  is  nearly   always  the 
Accordiii^^  to  this  observer,  the  lesions  reproduce  in  e-ffect  in 
^^reat  majority  of  cases  tlie  well-known  characteristics  of  j»areii 
matoUH   neuritis,  i,e,,   segmentation  of   the   myelin,   proliferation  I 
the  niiclei  in  the  sheath  of  Schwann,  destruction  of  the  axis  cvUmh 
and  filial  atro]>liy,  more  or  less  complete,  of  the  nerve  til>re8. 
iu  brief,  is  the  clinical  jiicture  presented  by  the  ideal  parencbyn 
tous  neuritis.     It  does  not,  however,  take  into  account  sufficieo^ 
in  my  o|)iiiionj  tlie  alterations   iu  the  blood-vessels  and  in  the  I 
D^L'tive   tissue   which  chanicterize   eveu   this  tyi>e  of  cases. 
fault  in  the  classical  distinctions,  too  much  insisted  on  by 
jtatholn^ists,   between  the  pareuchymatons  and  interstitial  vari«ti 
of  neuritis  is  that  in  describing  the  former  they  t*jo  much  ignore t 
vascular  and  iuti^rstitial  elements  of  the  nerves.     As  we  have 
in  discnssiii^;  tJie  etinloj^y   of  ])nly neuritis,  this  disease  is 
caused  by  soiue  irritant  or  poison  circulating  in  the  blood.    Ill 
therefore,  reach  the  nerve  fibre  through  the  smaU  blo^xl-vessds,  i 
it  is  iK>t   unrejisfniable   to  sujipose  that  these  will  react  a^^niast 
puisoD  ju.st  as  the  neuron  does.     Hence  some  thickening  iif  the  i 
nute  blood-vessels  and  proliferation  of  connective  tissue  is  to  l>e  IcwJ 
for  ♦*vun  in  cases  of  ^lareiirhymat^His  neuritis. 

The  pure  type  of  interstitial  neuritis  is  marked  by  prolife 
of  till*  i*onueetive  tissue  of  the  nerve,  in  some  cases  by  tl 
its  shcjith,  by  congestion  and  swelling  of  the  nerve  trunk,  <" 
of  its  vessels,  extraviLsations  of  blood,  and  even,  in  some  m^ 
by  foniiMtion  of  j»us.  But  in  these  cases  the  lesions  cert 
not  res[>e(*t  the  nerve  tnbules  and  their  contents.  These  are 
upon  and  in   many    instances   destroyed.       Usually  the  m. 


MULTIPLE  NEUBmS,  4^9 

up,  tlie  axiB  cylinder  ia  destroyed,  and  the  nuclei  in  the  sheath 
lihwanu  proliferate.     This  ty|>e  of  neuritis  has  been  claimed  by 
observers  to  be  seen  almost  exclusively  in  the  acute  and  rap- 
Ij  {atal  forms  of  neuritis.     This  claim  is  criticised  by  Dejerine- 
hmipke,  who  very  justly'  points  out  the  fact  that  parenchymatous 
ttoos,  while  less  pronounced,  are  not  absent.     These  are  segmenta- 
b  and  disapi>earauce  of  the  myelin,  with  destruction  of  the  ax  in 
ers.     From  my  own  observations,  it  seems  to  me  to  be  an  ex- 
,ted  chiim  that  the  ordinary  cases  of  multiple  neuritis  ivreser\*e 
purely  parenchymatous  tyf>e.     It  may  be  true,   however,  that  in 
irdinary  polyneuritia  the  nerve  tubule  and  its  contents,  the  myelin 
tod  axis  cylinder,  suffer  first  and  most  from  the  poison  diffused  into 
from  the  blocxl;  but  certainly,  in  advanced  cases  at  least,  the 
idences  of  involvement  of  the  connective  tissue  are  not  lacking. 
In  pure  parenchymatous  neuritis,  changes  are  not  visible  tu  the 
liked  eye.     Under  the  microscope,  however,  the  disappearance  of 
axis  cylinders   and  the  segmentjition  of  the   myelin   are  very 
^■Aed*     In  the  interstitial  type  of  neuritis  the  nerve  may  be  per- 
Hptibly  thickened  and  altered  in  texture,  even  to  naked-eye  inspec- 
HoEL     Under  the  microscope  the  connective   tissue  is  seen   to   be 
inormously  increased,  lying  in  concentric  lamina  about  the  fasciculi. 
The  blood-vessels  are  also  thickened  and  usually  crowded  with  cor- 
puscles.    Free  leucocytes  may  be  found  in  the  tissues  of  tlie  nerve, 
iltliough  the  formation  of  pus  is  not  common.     This  was  distinctly 
the  tjpe  of  neuritis  oliserved  by  me  in  the  case  of  Heptica^raia  already 
leferred  to.     In  that  case  the  nerve  fibres  were  alst»  involved  in  a  de- 
generative or  destructive  process.     Many  of  the  axis  c^liudeFs  had 
disappeared. 

The  formation  of  pus  is  more  likely  to  occur  in  cases  of  isolated 
Muritis,  for  instanc^j  as  after  trauma.  Tlie  type  of  inflammation  in 
these  cases  is  distinctly  hemorrhagic  and  interstitial.  In  one  case  of 
Btiatica  I  saw  this  type  of  infianimati*m  well  marked.  The  nerve 
was  jjereeptibly  swollen  and  congested ;  l>lof)d  and  pus  were  ex- 
travasated  through  its  structures. 

It  is  possible  that  some  pathologists,  who  have  so  strongly  in- 
sisted upon  a  purely  parenchymatous  neuritis,  have  been  merely  look- 
iiigiipon  a  Wallerian  degeneration  of  the  axis  cylinder  of  the  neuron, 
^h  had  resulted   from  a  more  distinctly  iutlauimat<»ry  lesitm  in 
B  other  part  of  its  course.     Certaiuly,  fmm  their  descriptions, 
parenchymatous  neuritis  exat^tly  simulated  a  degeneration  of  the 
s  cylinder,     Babiufiki  calls  attention  to  this  fact  in  discussing  the 
eace  of  distinct  or  special  lesions  due  to  the  various  causes  of 
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Gombaiilt '"'  lias  described  what  lie  claims  to  be  a  special  fcji 
neuritis  due  to  lead.     This  is  the  socalled  periaxial  neuritis, 
characterized  by  the  preservation  of  the  axis  cylinder,  with  a  j 
ing  of  the  fragments  of  myelin  along  its  course.     This  preser 
of  the  BjdB  cylinder  seems  to  be  a  sjiecial  characteristic  of  this  \ 
of  cases.    In  some  cases  the  nerve  fibre  is  slender  and  of  small  csiih 
These  lesions  in  cases  of  lead  poisoning,  according  to  Gombaalti  i 
irregularly  disseminated.     According  to  Dejerine-Klumpke,  the  ] 
axial  fonu  of  neiiritis  predominates  in  cases  caoBed  by  mercury. 

Ill  lejirous  neuritis,  the  adventitial  or  interstitial  type  is  comn 
The  sheaths  of  the  nerves  and  the  intrafascicular  connective 
are  often  enormously  thickened. 

According  t*:)  Al>raliam,***"*  the  median,  ulnar,  posterior  tibi^  i 
peroneal  ner^^es  are  most  commonly  affected.  The  facial  and 
rauk  next  iii  liability  to  attack.  In  some  c^ses  the  recurrent  1 
geal  nerve  is  attacked,  and  this  causes  aphonia.  The  affected 
are  the  seats  of  fusiform  swelHogs,  which  are  reddish-gray  in  cok 
and  translucent  and  gelatinous  in  appearance.  These  may  be 
two  to  four  times  tiie  diameter  of  the  normal  nen'e.  They  are  < 
larger  at  places  where  the  nerve  is  superficial,  as  behind  the  inti 
condyle  (if  the  huniems  or  Ijelow  the  head  of  the  fibula.  These  e 
iugs  are  due  to  a  perineuritis,  in  which  there  is  a  proliferation  of  t 
so-called  '*  lepra"  cells.  The  axis  cylinders  degenerate,  but  tliia  i 
afjparently  a  secoudary  ]*rocess. 

lu  alcnlu^lic  multiple  neuritis,  the  consensus  of  opinion  seemi  I 
be  that  the  parenchymatous  type  predominates,  although  most  \ 
ihoYH  describe  a  mixed  type  in  which  the  connective  tissue,  as  1 
iii^  the  axis  cyiiuders,  are  involved.  This  is  in  accordance,  also,  i 
my  own  o1)servations.  It  seems  probable  that  alcohol  acts  pr 
OB  the;  axis  cyliuder  of  the  neuron;  as  this  degenerates  and  dies, I 
sei'ondary  iutiummatory  prt^cess  t^^kes  place  in  the  connnective  tis&tie. 
It  is  an  ioteresting  (luestion,  in  this  connection,  whether  the  prodiKto 
of  retrogi*ade  metauK^rphosis  in  the  degenerating  axis  cyHnder  aiJ 
the  jsegtiientiug  myelin  may  not  constitute  irritant  substances  which 
act  still  further  to  promote  an  inflammatory  reaction  in  the  comieo 
live- tissue  el  emeu  ts. 

In  dii>htheritic  paralysis,  the  change  is  usually  limited  la"-"" 
the  nerve  tibres;  hence  it  preaerv^es  a  type  of  x>arenehymatf 
it  is,     Tlie  toxin  of  the  disease  evidently  acts  primarily  u 
neuron  ainl  its  axis  cyliudei',  and  the  evidence  seems  to  Ix 
latter  is  not  alone  affected,  for  the  degenerative  or  inflam mat 
ess  is  observed  to  extend  up  to  the  roots  of  the  nerves. 
ill  many  cases,  as  is  well  known,  the  nuclei  of  the  nerves  {i.e., 


MULTIPLE  NEUBinB.  461 

bodies  of  the  peripheral  neurons)  are  involved.  According  to  most 
observers,  the  interstitial  connective  tissue  is  not  involved  to  a 
marked  extent  in  postdiphtheritic  neuritis. 

The  distribution  of  the  neuritis  varies  in  different  cases.  In  the 
alcoholic  cases,  the  terminal  branches  and  the  peripheral  portions 
of  the  nerves  are  most  involved.  The  inflammation  extends  up  along 
the  nerve  trunk  to  a  variable  extent,  but  it  usually  ceases  entirely 
some  distance  below  the  spinal  roots.  In  diphtheritic  paralysis, 
however,  as  already  said,  the  inflammatory  or  destructive  process 
may  involve  the  whole  neuron.  In  some  forms  of  neuritis,  especially 
that  due  to  lead,  the  distribution  is  segmental  in  type,  i.e.,  various 
portions  or  segments  only  are  involved  and  these  may  not  be  neces- 
sarily contiguous  segments. 

The  changes  in  the  muscles  are  usually  those  of  degeneration 
with  loss  of  striation  of  the  muscular  fibres  and  some  proliferation  of 
the  connective-tissue  element. 

The  spinal  cord  is  usually  not  involved  in  typical  cases  of  multi- 
ple neuritis.  It  is  yet  a  question,  however,  whether  the  acute  infec- 
tious poisons  do  not  involve  the  whole  of  the  neuron,  in  certain 
cases,  and  hence  invade  to  some  extent  the  sx)inal  cord.  Berkely's 
inTeetigations  upon  the  action  of  ricin  and  other  poisons  seem  to 
show  that  the  whole  neuron  is  involved;  and  this  may  yet  be 
proved  to  be  true  in  some  cases  of  multiple  neuritis.  In  a  case  of 
septicaemia  already  referred  to  I  once  observed  degeneration  of  the 
posterior  columns  of  the  spinal  cord  in  association  with  a  widespread 
multiple  neuritis. 

Treatment. 

The  first  and  most  important  indication  in  the  treatment  of  multi- 
ple neuritis  is  to  remove  the  cause.  This  subject,  in  some  cases  espe- 
cially, is  not  to  be  slighted  or  ignored.  Alcoholic  patients  require 
careful  supervision  in  this  respect.  This  is  true  of  women  in  private 
practice,  rather  than  of  hospital  cases,  for  women  in  their  own  house- 
holds, if  not  carefully  guarded  by  reliable  attendants,  will  often  find 
a  way  to  obtain  surreptitiously  the  coveted  drink.  Thus  the  best 
plan  of  treatment  may  be  frustrated.  I  have  known  a  woman  to  bribe 
a  negro  servant  to  bring  her  whiskey  when  she  was  bedridden  with 
paralysis.  In  the  case  of  the  metallic  poisons,  the  utmost  care 
should  be  taken  to  avoid  a  continued  action  of  the  cause ;  or,  what 
is  more  likely  to  occur,  a  return  to  the  circumstances  which  entail 
au  exposure  to  the  metal.  Thus,  in  cases  of  lead  palsy  in  work- 
men, it  is  often  difficult  to  prevent  the  patients  from  returning  to  their 
*ork  as  soon  as  their  worst  symptoms  have  di8api)eared.     Hence  a 
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Morphine  should  not  be  used  by  rote,  but  only  to  meet  an  urgent  in- 
dication; and  better  if  possible  in  the  evening,  so  as  to  promote  a 
night's  sleep.  It  should  be  kept  strictly  under  the  control  of  the 
physician  and  given  only  by  his  hand,  and  its  use  should  be  sus- 
pended or  entirely  stopped  at  the  earliest  possible  moment.  Cocaine 
is  also  a  x>otent  drug  to  relieve  pain,  but  it  has  already  done  so  much 
evil  to  the  slaves  of  habit  that  its  use  should  be  entirely  interdicted 
in  alcoholic  patients.  The  coal-tar  preparations,  such  as  antipyrin, 
phenacetin,  and  exalgin,  are  of  less  value.  They  tend  to  deplete 
the  blood,  and  are  not  very  efficient  as  analgesics  for  patients  with  in- 
flamed nerves.  FinaUy,  it  should  always  be  borne  in  mind  that  time 
tends  to  relieve  this  symptom,  and  that  this  time  will  be  perceptibly 
shortened  if  the  patient's  system  is  kept  in  the  best  possible  condi- 
tion by  promoting  the  assimilation  of  food. 

To  promote  elimination,  especially  in  the  early  stages  of  the  dis- 
ease, when  the  patient's  system  may  still  be  saturated  with  the  poi- 
son, various  drugs  are  of  use  according  to  the  case.  In  alcoholic 
cases  mild  diaphoretics  and  diuretics  are  of  value,  especially  if  the 
action  of  the  kidneys  and  liver  is  impaired.  Hot  diluent  drinks,  such 
as  lemonade  not  too  highly  sweetened,  and  the  ordinary  spirits  of 
Mindererus,  are  indicated.  If  there  is  albuminuria  or  an  impaired 
excretion  of  the  solids  of  the  urine,  I  am  fond  of  using  a  weak  prepa- 
ration of  Basham's  mixture  of  acetate  of  iron  and  ammonium,  even  in 
the  early  stages.  In  cases  of  lead  poisoning  the  early  administration 
of  sulphuric  acid  and  the  iodides  is  strongly  indicated.  Warm  baths 
in  patients  who  are  not  too  weak  are  beneficial.  They  tend  to  restore 
circulation  in  the  extremities  and  i)romote  a  free  action  of  the  skin. 

To  control  the  inflammatory  action  in  the  nerve  ti-unks,  we  have 

no  real  sj)ecific.     The  rest  in  bed  and  enveloping  the  extremities  in 

flannel  and  cotton  are  probably  after  all  as  efficient  for  this  i)uri)08e 

as  any  drugs  can  be.     Many  authorities,  however,  recommend  the 

nse  of  the  salicylates  of  sodium  or  ammonium.     These  are  sui)i)osed 

to  control  in  some  way  the  inflammatory  action  in  the  nerves.     They 

niay,  however,  be  very  disturbing  to  the  stomach,  and  thus  do  more 

tann  than  good.     I  have  never  assured  myself,  in  fact,  that  any 

prei)aration  of  salicylic  acid  was  of  much  use  in  any  stage  of  multijJe 

iieuritis.     The  same  may  be  said  of  iodide  of  potassium  and  of  the 

mercurial   preparations.     The    so-called    alterative    action  of  these 

drugs  is  very  little  manifested  in  this  disease.     When  administered 

after  the  acute  stage  is  passed,  they  are  ])robably  often  credited  with 

Ml  improvement  that  is  merely  coincident  with,  and  not  consequent 

^pon  their  use. 

Special  attention  should  be  paid,  particularly  in  gr.ive  cases,  to 
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the  action  of  the  heart  and  respiiatorv  muBcles.  In  camm  in  whieh 
tachycardia  is  marked,  complete  recumbency  should  be  eujoiDed. 
The  patient's  head  and  Bhoulders  should  not  be  elevated  even  by  luKh 
pillows.  Thia  prec^iution  is  es|)ecial!\  necessary  in  ciises  of  diphthe- 
ritic paralysis.  In  alcoholic  cases  the  temptation  may  arise  to  giinft 
the  patient  .nmall  doses  of  whiskey  or  some  strong  wine,  but  I  do  nnl 
believe  in  thin  treatnient,  as  it  seems  contrary  to  reason  to  use  a»  a 
remedy  the  suljstance  that  has  already  ac*ted  as  the  cAuse  of  the 
diseiise,  I  have  relied  nioi^t  in  these  cases  ujxjn  the  atlmiuistTaliaa 
of  digitalis,  stri^ithiuithus,  caffeine,  and  strychnine,  I  have  OflnaUx 
been  im}>ressed  with  the  fact,  however,  that  digitalis  and  HtrophiUK 
thuB  do  not  readily  exert  their  full  physiol(>|j;ical  action  u|M»n  the  heart 
in  these  caiiejj,  eHiiecially  in  thtme  due  to  alcohol.  This  is  i>r«>babl3r 
because  the  pneumogastric  nerve  is  involvetl  in  tlie  inflammatory  proc- 
ess, and  consequently  offers  resintiince  to  the  action  of  these  reme- 
dies. Strychuiue  under  the  skin  in  full  doses  (from  one-twentieth  Ui 
one-thirtieth  of  a  grain  in  inrlults)  is  by  far  the  most  reliable  stima- 
lant  for  these  cases.  Caffeine,  Ijecause  of  its  simultaneous  actioti 
n]um  tlie  l>nun,  the  heart,  and  the  kidneys^  is  useful.  Its  irritaluiii; 
effects  upon  the  stomach,  however,  must  not  l>e  ignored.  In  diplt* 
theritic  cases  an  alcoholic  stimuhmt  is  urgently  indicated  in  caaee  in 
which  heart  failure  is  threatened. 

The  contractures,  which  caune  so  much  pain  and  even  ultimate 
deformity  in  multii>le  neuritis,  are  not  e*i;^ily  overcome.  Patients  tin 
not  bear  extension  well,  lierfuis**  of  the  extreme  sensiti veneris  of  the 
legs  and  feet.  Bandaging  U*  a  s}»lint,  applied  alongside  of  or  beneath 
the  knees,  may  be  tried.  Such  a  siilint  usually  bei^unes  very  irit- 
snme,  however,  and  in  some  ca»es  seems  to  increiise  the  pain.  QeaHe 
massage  and  an  occasional  ]>ersisteut  passive  extension  of  the  lega 
will  do  much  t^t  prevent  these  contractures.  Later  in  the  case,  when 
the  painful  stige  has  passed  by,  this  massage  and  |iassive  e3[tenaiof|i 
should  be  prai'tised  still  moi^  assiduously,  an<l  they  then  act  very 
satisfactorily. 

To  promote  the  tone  and  power  in  the  ]ianilyzed  muscles  when  tlie 
stage  of  recovery  has  l>egun,  electricity  is  a  valuable  remedy.  II 
should  not  be  used  early  in  the  disease,  aa  it  then  increases  the  pain 
and  prfjbably  tends  to  fav*>r  contractures.  Wlien  used  lalor,  the 
galvanic  current  is  likely  to  be  the  more  efficacious,  as  Uie  fandic 
contractility  of  the  muscles  may  still  l^tlirninished  or  even  abolished. 
As  long  as  this  cimtractility  is  impaire*!,  the  use  of  the  fanulic  earrent 
is  probably  in  vain. 

Finally,  every  effort  should  lie  made  t<»  maintain  the  fmtienfVs 
nutrition.     Special  attention  should  be  paid  to  the  functions  tjf  the 
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gastrointestinal  tract.  If  the  digestion  is  poor,  a  preparation  of 
pepsin  and  hydrochloric  acid  is  indicated.  The  bowels  should  be 
liept  active  by  mild  laxatives  and  an  occasional  enema  of  warm  water 
and  soapsuds.  Only  the  simplest,  most  nutritious,  and  most  diges- 
tible food  should  be  given,  and  special  attention  should  be  paid  to 
the  administration  of  prox)er  quantities.  These  patients,  especially 
in  the  early  stages,  often  eat  poorly,  and  their  appetites  must  be 
tempted,  or  at  least  the  patients  should  be  induced  to  take  habitually 
a  sufficient  supply. 

During  the  stage  of  improvement,  the  use  of  strychnine,  prefera- 
bly under  the  skin,  and  of  some  preparation  of  iron  is  often  indicated. 
These  patients  frequently  are  ansemic,  and  hence  are  benefited  by 
iron.  I  prefer  Basham's  mixture,  because  it  is  easily  and  rapidly 
assimilated,  and  acts  satisfactorily  to  promote  elimination  by  the 
kidneys.  Bland's  pills,  however,  are  valuable,  especially  in  women 
whose  blood-making  powers  are  much  reduced.  I  do  not  like  arsenic 
for  these  cases,  because  of  its  well-known  tendency,  when  continued 
for  a  long  time,  to  irritate  and  even  inflame  the  nerves. 

It  is  thus  seen  that  the  treatment  of  multiple  neuritis  is  in  the 
main  simple.  The  disease  is  not  one  that  demands  inordinate  dos- 
ing with  a  great  variety  of  drugs.  Time  and  patience  are  sovereign 
remedies,  and  will  be  required  usually  in  large  measure.  If  the 
patient  is  put  in  a  prox)er  state  of  rest  and  nutrition,  and  is  protected 
from  the  injurious  effects  of  the  poison  which  has  induced  his  dis- 
order, and  also  from  the  effects  of  worry  and  excitement,  it  will  be 
found  usually  that  the  natural  tendency  of  the  disease  is  towards 
recovery.  The  practitioner  should  avail  himself  of  this  tendency, 
and  should  control  the  natural  impatience  of  the  invalid  and  his 
friends  by  the  exercise  of  proper  moral  influence.  Even  in  grave 
cases,  in  which  death  is  threatened,  we  have  no  better  remedies  than 
those  indicated  above. 

DISEASES  OF  THE  SYMPATHETIC  NERVOUS 

SYSTEM.  * 

This  system  consists  of  a  group  of  ganglia  associated  especially 
with  the  fifth  nerve,  and  a  chain  of  ganglia  on  either  side  of  the 
spine,  extending  from  the  skull  to  the  coccyx.  These  ganglia,  par- 
ticularly those  along  the  spine,  are  united  by  intervening  branches 
from  one  to  the  other  in  the  series,  and  also  by  some  transverse^ 

•  I  have  to  acknowledge  the  valuable  assistance  of  Dr.  William  G.  Spiller  in 
preparing  this  section  on  the  sympathetic  nervous  system.  The  work  of  literary 
leferenoe  espedaUy  has  been  done  by  Dr.  Spiller. 
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brandies  ijas«mg  acroes  from  the  gangUn  of  one  side  to  those  of  the 
other.  The  ganglia  are  less  numenjiis  than  the  vertebrw,  there  beixi^c 
but  three  in  the  cervical  region,  twelve  in  the  dorsal,  four  in  the  luiii* 
bar,  five  in  the  eacral,  and  one  in  the  coccygeal  (Gray).  The  chi«l 
branches  of  each  ganglion  of  the  symiiathetic  are  three  in  number^ 
namely,  (1)  branches  to  the  neighlxiring  ganglia  of  the  system;  (2) 
branches  to  the  cerebrospinal  nerves;  (3)  the  branches  of  distrilm* 
tioo,  which  i>iiss  either  to  the  arteries,  to  the  visoeira,  or  to  otlier  ]ar>^ 
ganglia  forming  sui>plementary  centres  within  the  caxnties  of  the  body* 
The  ultimate  distribution,  however,  of  aU  the  terminal  branohen  of 
the  sympathetic  system  seems  to  \m  in  conDection  with  the  small 
blood-vessels. 

The  chief  eubdi visions  of  the  sympathetic  nervous  system  are  the 
cavernous  plexus,  cenical  portion,  carotid  plexus,  the  great  solar 
plexus,  the  thnnuic  liraoches  with  the  gi"eat  splanchnic  nerve,  and 
the  peine  plexus.  There  are  numerous  smaller  plexuses  which  need 
not  be  named  here.  The  fibres  of  the  symi*athetic  nerve,  as  alreadj 
explained,  are  non-medullated. 

The  fimcdons  of  the  sympathetic  nen'ous  system  are  varied.  This 
system  has  probably  largely  to  do  with  the  contrt»l  ijf  the  blcMxl  sup- 
I>ly  in  the  various  parts  and  organs.  It  thus  proljably  inHuenoetfi  in- 
directly the  secretiim  of  sweat  and  the  activity  of  the  vjirious  gbuidji. 
Among  its  si>ecial  functions  may  be  mentioneil  the  following : 

The  cervical  sym pathetic  contrt^ls  the  dihit;ition  of  the  pupil;  il 
supplies  motor  fibres  to  Midler's  muscle — Kt\,  the  unstrijied  muscular 
fibres  of  the  orbit;  it  controls  the  action  of  the  sjdivary  glamls  and 
of  the  sweat  glands  of  the  face  and  neck:  and,  finally,  it  sends  vaso- 
motor branches  Uy  the  ear,  side  of  the  face,  conjunctiva,  and  to  the 
part«  geuenJly  in  the  eye,  throat,  and  brain  and  its  membranes. 

In  the  thorax,  the  symjmthetic  supplies  accelerate »r  fibres  to 
heart;  these  pr<»l*ably  have  their  (jrigin  in  the  medulla.  It  giv( 
origin  to  the  great  splanchnic  nerve.  In  the  alxlomen  and  jjelvia, 
iu  addition  to  its  connection  with  the  great  glandular  structares,  il 
contributes  motor  and  viisomotor  fibres  to  the  large  inteetine,  bind* 
der»  ureters,  uterus,  vas  deferens,  and  vesieolsB  seminales.  Aooordiug 
to  Ljindois  and  Stirling,  stimnlation  of  the  abtlorainal  symimtheltis 
causes  incretwed  movements  iu  these  organs,  while  section  of  these 
nerves  is  follow^ed  by  dilatation  of  the  blood-vessels  with  derangement 
of  the  circulation  and  with  trophic  lesions.  In  the  thorax  and  abdo- 
men the  sympathetic  is  subdi\ideii  into  minor  plexuses,  which  have 
special  connections  with  the  rarious  organs.  The  suprarenal  cajv 
sules,  in  which  the  nerves  are  extremely  numerous,  have  connectiona 
with  the  renal  and  solar  plexuses. 
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The  pathology  of  the  sympathetic  nervous  system  is  exceedingly 
obscure.  Derangement  of  this  system  probably  enters  into  the  symj)- 
tom-complex  of  many  diseases,  but  the  difficulty  is  to  distinguish 
exactly  what  its  particular  symptoms  are.  Without  stopping  to  in- 
dulge in  speculation,  I  shall  describe  very  briefly  the  few  known  facts 
about  the  diseases  and  injuries  of  the  sympathetic. 

The  cervical  portion  of  the  sympathetic  is  the  most  exposed  to 
direct  injury.  It  may  suffer  from  penetrating,  incised,  and  gunshot 
wounds;  from  blows,  pressure,  and  contusions;  also  from  tum- 
ors, such  as  aneurysms,  enlarged  glands,  exostoses,  and  malignant 
growths.  According  to  some  authors,  it  may  be  irritated  by  affec- 
tions of  the  apices  of  the  lungs  and  the  overlying  pleura.  It  is  not 
usually  the  seat  of  any  acute  inflammatory  disease,  such  as  is  caused 
by  an  infectious  process  or  by  exposure  to  cold.  This  portion  of  the 
sympathetic,  however,  may  be  involved  in  cerebral  lesions,  as  has 
been  noted  by  Nothnagel.  Symptoms  of  irritation  have  been  noted 
in  a  few  cases  of  hemiplegia.  Three  very  striking  cases  were  pub- 
lished by  Windscheid"*  of  hyi)eridrosis,  in  which  a  pathological 
condition  of  the  seventh  nerve  existed.  Dufour"'  published  obser- 
vations on  paralytic  affections  of  the  cervical  sympathetic  with 
incomplete  closure  of  the  pali)ebral  cleft.  I  shall  relate  and  illustrate 
in  this  paper  a  case  of  hemiplegia  associated  with  symptoms  of  irri- 
tation of  the  cervical  sympathetic  on  the  same  side.  The  central 
connections  of  the  cervical  sympathetic  system,  by  which  these  symp- 
toms are  caused,  are  supposed  to  be  in  the  optic  thalamus.  Ac- 
cording to  Landois  and  Stirling,  stimulation  of  the  cervical  sym- 
I)athetic  in  man  causes  dilatation  of  the  pupil,  pallor  of  the  face, 
occasional  hyperidrosis,  disturbance  of  \dsion  for  near  objects,  and 
I>rotrusion  of  the  eyeball  with  widening  of  the  palpebral  fissure. 
Paralysis  or  section  of  this  ner\'e,  on  the  other  hand,  causes  flushing 
of  the  blood-vessels  on  the  side  of  the  head,  with  occasional  anidrosis, 
c*ontraction  of  the  pupil,  retraction  of  the  eyeball,  and  narrowdng  of 
the  palpebral  cleft.  These  symj)toms  are  said  to  liave  occasionally 
accompanied  unilateral  atroi^hy  of  the  face.  In  tl)e  thorax,  irritation 
of  the  sympathetic  strands  to  the  heart  probably  causes  acceleration 
of  that  organ. 

My  case  is  as  follows : 

J.  B ,  white,  male,  aged  45  years,   a  native   of  Switzerland, 

was  admitted  into  the  Philadelphia  Hospital  with  hemiplegia.  He 
had  a  history  of  syphilis.  More  than  ten  years  before  admission 
he  had  had  a  paralytic  stroke,  which  was  followed  in  a  few  months 
by  a  second.  In  each  attack  he  lost  consciousness.  He  never  entirely 
recovered  from  the  second  stroke,  and  on  admission  was  dull  and 
melancholy.     He  was  found  to  have  a  right-sided  heniii)legia,  with 
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contractureB  of  the  arm  and,  to  a  less  degree,  of  the  leg.  Tin 
jerk  was  exaggerated  tin  the  right  side.  Tlie  patient  was  dl 
walk.  Sensation  was  preserved.  The  right  i>upil  was  diktedl 
the  palpebral  fissure  was  widened.  His  mont  ntriking  symptod 
the  oontinuouB  sweating  of  the  right  side  of  the  face  and  foim 
This  sweating  was  limited  by  the  median  line  on  the  forehead  j 
and  neck,  and  was  closely  confined  to  the  distribution  of  the 
nerve.     There  was  not  an  active  Hushing  of  the  face  and  ear,  altlM 


FifK  48.  — Uiulateral  Ftirud  iEyptddroais  (right  aide)  nil li  Wi.;  P»J|*bril  Fbajr* 

DSlHlttUnn   of  ihe   l'ii[ei].   caused  by  IrritaUon  of  the  Syiiii*tttijetic  Nerr««.     (PbiW^ii 


the  comiihwioii  was  ilarker  tm  the  affed4?d  side.  The.perspiral 
st<>rHl  ill  hii'ge  beads  on  the  aiTeeted  area,  and  apf)arently  was 
iufluenced  bv  i  haiiges  in  tenipemture.  Thus  in  winter,  wheti 
exHinimLtirm  w;us  made,  the  sweating  was  continuous  and  tree, 
can  be  disiTTiied  Fveii  in  the  photograph.  The  cranial  nerves 
not  invf^lved.  The  seventli  nerve  on  the  aflFei^^ted  side  was  not 
alyzed,  and  tlie  musrles  suiiplied  by  it  responded  i)erfectly  t< 
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faradic  current.  Hearing  was  not  acute,  but  it  was  alike  on  both 
sides.  On  the  face,  neck,  trunk,  arm,  and  leg  the  man  distinguished 
accurately  between  heat  and  cold,  though  he  winced  more  to  heat  on 
the  onparalyzed  side.  The  tactile  and  pain  sensations  were  also  ap- 
parenuj  i)erceived  better  on  the  unaflFected  side.  The  examination  of 
the  eyes  revealed  no  significant  changes  in  the  eye-grounds.  The 
right  palpebral  fissure  was  distinctly  wider  than  the  left,  the  eye  pos- 
sibly protruded  slightly  (though  this  was  doubtful),  and  the  right 
pupil  was  at  least  1  mm.  larger  than  the  left.  The  movements  of  the 
eyeball  were  good  in  all  directions. 

It  thus  appears  that  in  this  man  the  three  prominent  symptoms, 
next  to  his  hemiplegia,  were  unilateral  hyperidrosis  of  the  face,  dila- 
tation of  the  pupil,  and  widening  of  the  palpebral  cleft.  The  patient 
had  a  history  also  of  having  had  a  few  fits  after  the  paralytic  strokes; 
and  about  one  year  after  his  admission  he  went  insane  and  was 
removed  to  the  asylum. 

In  the  abdomen,  lead  poisoning  is  supposed  by  some  to  cause 
irritation  in  the  area  of  the  splanchnic  nerve,  the  symptoms  of  which 
are  the  well-known  lead  colic  and  inhibition  of  the  action  of  the  intes- 
tines, but  this  subject  is  still  obscure. 

Mills***  reports  a  case  of  left-sided  paresis,  with  excessive  per- 
spiration on  the  same  side,  which  developed  about  the  same  time 
as  the  paresis.  The  secretion  of  the  sweat  glands  on  the  right  side 
was  normal.  There  was  also  increased  lacrymation  on  the  left  side 
and  slight  paresis  of  the  muscles  supplied  by  the  seventh  nerve.  Oc- 
casionally the  left  side  of  the  face  reddened  very  much,  and  re- 
mained so  for  some  time. 

Apolant'"  reports  a  case  of  right-sided  hyperidrosis  of  the  face, 
limited  closely  to  the  middle  line.  The  redness  of  the  face  was  equal 
on  the  two  sides ;  the  pupils  were  also  equal. 

Guttmann*"  reports  the  case  of  a  patient  with  moderate  left-sided 
exophthalmus,  dilatation  of  left  pupil,  enlargement  of  the  palpebral 
fissure,  visible  perspiration  only  on  the  left  side  of  the  face  and  neck 
and  limited  closely  by  the  middle  line  of  the  face,  and  moderate  red- 
ness of  the  left  side  of  the  face.  The  left  ear  was  especially  red. 
This  redness  was  present  only  during  the  perspiration.  The  muscles 
supplied  by  the  seventh  nerve  were  not  aflfected,  and  tactile  sensation 
was  normal.  The  temperature  of  the  left  side  of  the  face  was  increased 
during  the  abnormal  perspiration.  The  left  pupil  changed  in  degree 
of  dilatation  under  observation  within  a  few  minutes,  l)ut  the  change 
was  never  excessive.  There  was  no  sign  of  compression  of  the  sym- 
pathetic nerves.  The  vasomotor  signs  were  not  always  present ;  the 
oculopupiUary  signs  were  constant. 

Exophthalmus  is  produced  experimentally  by  irritation  of  the 
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cervical  sympathetic   uenes,  eauBiug  couiraetion  of  Mailer's  fibres 
wliich  are  iEiiei'vateil  by  the  sympathetic, 

GiittmauD  regartlH  his  ctwe  aH  due  to  HtimulatioD  of  the  oculopupil 
lary  fibres  anil  paralysis  of  the  vasomotor,  and  does  not  think  it  ii 
jjrobible  that  thene  two  conditionja  may  exist  even  in  lesians  of 
peripheral  cenical  nympathetic. 

Pukrutfsky'"  reports  a  case  of  unilateral  hyperidroaia  and  ] 
of  the  face  after  eating. 

Oiistav  Riehl  **'  reports  a  case  of  recnrring  headache,  with  i>p4- 
nesB,  sensation (jf  heat,  and  i>rt>fuse  perspiratiou  uu  Uie  leftside  cif  the 
head,  and  dilatation  of  the  pupil  on  the  afl*ected  side*  The  antopsy 
showed  roiiod-cell  infiltration  and  small  hemorrhages  in  the  rapdiior 
cervical  ganglion  on  the  atfected  side,  Riehl  sjiys  that  in  bj  tar  the 
greater  number  of  cases  of  hy]:>eridrosis  tlilati^ition  of  the  f«0ttb  and 
myosis  were  observed.  There  are  cases  recorded  of  sympatfaetio  ] 
ralysis  with  myosis,  vascular  dibitation,  and  anidrosis,  aa  waa 
condition  in  the  case  of  Mobius. 

Riehl  also  says  that  the  indic^itiona  of  inflammation  of  the  su]ie-J 
rior  cervical  ganglion  in  his  case  may  show  tliat  paralysis  of  Ilia' 
vasomf^tor  fil>res  aud  irritation  of  the  ociUopiipillary  fibres  occmrred. 
This  is  also  the  exiilanation  given  l>y  Guttmann, 

Eulenburg  and  Guttmann  lielieve  the  oi-ulopupillary  fibres  of  the, 
sympathetic  are  more  jieripherally  situated,  and  are  therefore 
exposed  to  external  pressure  than  are  the  presumably  more  <^nl 
locateil  viisomtitor  fibres.  This  view,  liowever,  is  fanciful  and  nn^^ 
satisfacttny  in  the  extreme.  It  is  customary  to  regard  the  hyperi- 
drosis  as  a  eimseiiuenee  of  vascular  paralysis,  Pinsitive  ohaen^atioiia 
of  sympathetic  paralysis  exist,  in  which  there  was  myoeis  with 
reddening  of  the  side  of  the  face  without  visible  f)erHpirat]on, 
and  cither  oljservatifms  in  which  |>er8piration  without  redneas  wnig^ 
present. 

Profuse  sweating  has  lieen  caused  by  irritation  of  the  c-enical 
sympathetic  in  animals.  **The  byiM:*rHPmia  and  dilatation  of  the  vest. 
sels,  lasting  a  short  time,  in  hy|ieritlrt*8is  uuilateralis  may  just  m 
well  be  explained  l\v  irritation  of  the  vaaodihit^tra  tm  by  paralysis  of 
the  vasoconstrictors.  As  in  our  case,  a  decided  symptom  of  irrita-, 
tion  —  mydriasis  —  was  associated  with  hyfieridrosis  aud  vajscul 
dilatation,  the  explanation  of  all  these  symptoms  as  the  result  of 
irri tuition  of  the  fibres  in  the  sympathetic  is  reasonable"  (Riehl b 

J.  Frietlliiuder'"  says  that  this  couilition  {hyi>eridro8is  unilatera- 
lis),  to  which  attention  has  only  receutly  l^een  paid,  ooeum  either  i 
part  of  a  symptom-complex,  sometimes  only  temjMirar^',  or  as  ati : 
pendent,  or  atlerist  predominatiug,  phenomenon  in  pensona  oUi€ 
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healthy  and  normal.  The  following  cases,  according  to  him,  belong 
in  the  first  categorj'.  Nitzelnadel  (1867),  by  whom  the  fii-st  observa- 
tion of  this  anomaly  was  made,  reported  the  case  of  a  patient,  aged 
forty-seven,  with  Graves'  disease,  in  whom  the  left  side  of  the  face 
alone  was  found  to  perspire  freely.  Nitzelnadel  observed  also  sud- 
den and  profuse  sweating,  especially  on  the  left  side  of  the  face,  in  a 
case  of  diabetes  mellitus.  Eiilz  reported  a  case  of  diabetes  in  which 
the  hyi)eridrosis  was  left-sided.  Mickle  reported  two  cases  of  gen- 
eral paralysis,  in  one  of  which  exclusively  right-sided  excessive  per- 
spiration of  the  face  lasted  for  years;  in  another  hyperidrosis  was 
doe  to  paralysis  of  one  side  of  the  face,  and  lasted  only  a  few  weeks. 
Meschede  reported  a  case  of  temporary  dementia  with  unilateral  sweat- 
ing of  the  face.  Wiedemeister  reported  a  case  of  mental  disease,  in 
which  the  hyperidrosis  began  below  the  left  eyelid,  extended  to  the 
left  cheek,  forehead,  and  left  side  of  the  scalp,  sometimes  crossing 
the  middle  line.  The  sweating  was  increased  by  lively  conversation. 
MorseUi  reported  a  case  of  a  woman  with  glioma  in  the  anterior  part 
of  the  left  hemisphere,  in  whom  during  life  the  right  side  of  the  face 
was  very  red  ai^d  covered  with  perspiration ;  the  left  side  was  very 
pale. 

According  to  f  riedlander,  this  excessive  perspiration  may  occur 
in  hemiplegia.  Binger,  and  J.  S.  Bury  observed  two  cases  of  hemi- 
plegia which  showed  constant  profuse  perspiration  on  the  affected 
side.  Messedaglia  and  Lombroso  likewise  observed  hyperidrosis 
paralytica  sinistra  in  a  hemiplegic  young  man  who  had  formerly 
been  epileptic;  and  Chevalier,  from  similar  observations,  speaks  of 
*  h^ipUgies  siidorales,'* 

Tabes  with  hyperidrosis  unilateralis  is  mentioned  in  the  literature : 
Nitzelnadel  reported  a  case  of  tabes,  in  which  the  perspiration  pre- 
dominated on  the  left  side,  and  was  especially  profuse  on  this  side  of 
the  face,  while  the  right  side  remained  dry.  Bemak  also  reports  a 
case  of  tabes  with  excessive  perspiration  after  eating  sour  food. 

Cases  of  unilateral  anidrosis  are  reported  by  Brunner,  Seguin, 
and  others.  Berger  reports  left-sided  hyperidrosis  of  the  face,  head, 
and  neck,  not  extending  beyond  the  middle  line,  after  slight  exertion, 
in  a  person  otherwise  normal.  Unilateral  hyperidrosis  in  healthy 
persons  has  also  been  reported  by  Pokroffsky,  Dow,  Ai>olant,  Gutt- 
mann,  Eeyes,  and  others. 

Friedlander  reports  a  case  in  which,  in  a  healthy  woman,  hy- 
peridrosis of  the  right  side  of  the  face,  with  redness  and  increase  of 
temx)erature  of  the  same  side,  and  right-sided  mydriasis,  develoi>ed 
suddenly  without  apparent  cause.  He  states  that  the  coinci- 
dence of  three  so  important  symptoms  makes  it  improbable  that 
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til  is  was  II  mere  ciiance  occurreuce,  and  it  is  prohivble  ilmt 
eymptoms  had  a  common  Bource. 

**  We  designate  {with  Heiile)/'  be  says,  **  hs  nenut*  Hymfiatliioitt] 
cervicalis  the  upiier  portion  of  the  sympathetic  conl,  h8  far  lun  below^i 
the  inferior  eervical  ganglion,  with  ite  rami  eommunicautes 
tci  the  spinal  eord.  .  .   .   We  knciw  that  they  (the  central  fibraa) 
by  means  of  the  rami  commuineaiitea  with  the  anterior  and  paoAeriarl 
Bpinal  roots  into  the  cord,  that  they  aflt^nd  in  the  eoni,  ami  then, 
pniliahly  at  tirnt  nncroesed,  enter  into  comhiimtion  with  the  vaHomiitar  J 
and  oculn pupillary  centres  in  the  njedulla  *»l>Iniigat*4.      F*rtim  iht 
centres  (ac*e*>rding  to  Budge)  a  group  of  sympathetic  tibres,  oonaisl-l 
ing  of  viwomotor  fil)reH,   after  having  }>aa8e(l  thioiigh  the  oerelimlT 
peduncle— their  i>eripheral  course  c-annot  b©  traced  further — supplji 
the  vessek  of  the  extei-nal  ear,  the  side  of  the  heml  and  face  (Oaudej 
Bernard),  the  cere!>nd  mend)raneH,  possibly  also  the  substance  of  the  I 
cerebral  hemisi>l»ere8  (Donders   antl  CaUenfels).     It   is  not  ktMiwo 
whether  they  supply  only  viisocons  trie  tors  or  also  vaaodilatoni*  or 
whether  they  are  crossed    or  uncrossed-     The   other   group  (ocnih-i*| 
pupillary  tract),  which  imjbably  does  n*Jt  have  a  common  cournewitlii 
the  vasomotor  fibres,  arises  in  the  spinal  cord,  from  which  ibeA^*! 
fibres  enter  tlio  sympathetic  cord  by  means  of  the  two  hiwer  t^nriciill 
and  twc*  upper  dorsal  roots  (Budge),  aad  pass  then— their  further' 
course  is  not  known — into  the  cranial  cavity,  and  prolmbly  to  the 
dilahir  pui>illa>,  by  means  of  the  first  branch  of  the  fifth  nerre* 

**  The  sweat  tii»res — the  knowledge  of  the  anatomical  localisitioii  o£ 
which  we  owe  to  Nai^Tocki — leave  the  spinal  cord  and  entftr 
thormnc  sympathetic  cord,  ascend  through  the  gaugH<in  steUatuill 
the  cervical  [Kn-tion,  apparently  in  the  mime  tract  with  the  Ta 
nerves  (Landois),  and  assmnate  themselves  in  the  head  with  the 
branches  lyf  the  fifth  nerve." 

This  explanation  by  Friedlander  of  the  o<nirHe  of  fsbe  s^mpathetifi^ 
fibres  upwards  through  the  cerebral  |)eduucl©,  to  sui>ply  the  VTetaaels  of 
the  external  ear,  is  very  ol^cure.     How  do  these  fibres  reach 
external  ear  after  passing  upwardH  through  the  cerebral  {tedtinck? 

It  may  be  considered  cei-tain,  says  this  author,  that  the  sy  mjiatlietie 
nerves  control  the  |»ers  pi  ration,  the  amount  of  blc»<Mi  in  the  ve«»ebi, 
and  the  width  of  the  impii     TIuh  statement,  furthermore,  is  confirmedl 
by  the  ex}>eriment«  of  Wagner,  Midler,  and  G,  Fischer  on  the  hedMls] 
nf  those  just  executed. 

In  si>eakiug  of  his  case,  Friedlander  says  there  wero  preiient 
hy|)eridrosis,  mydriasis,  but  also — and  therein  is  the  incoDgmily  of 
the  symptoms— vascular  dilatation,  two  symptoms  of  irritation, 
one  of  paralysis  of  sympathetic  fibres. 
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If  it  may  be  thought  that  the  vasomotor  fibres  have  a  di£ferent 
course  from  the  others,  which  is  probably  not  true  of  the  sweat  fibres, 
it  is  possible  to  believe  that  irritation  may  affect  one  of  these  groups 
of  fibres,  or  that  one  group  may  be  paralyzed;  but  the  theory  that 
simultaneously  a  paralysis  at  one  place  and  irritation  at  another 
should  exist  (when  there  is  no  anatomical  basis  for  either  set  of 
fibres),  is  hardly  to  be  accepted. 

He  offers  the  following  possible  solution  of  the  question :  The 
secretion  of  saliva  is  independent  of  the  circulation  of  the  blood,  and 
is  under  the  influence  of  specific  secretory  nerves;  nevertheless,  irrita- 
tion of  these  nerves  (the  facial  nerve  for  the  submaxillary  gland)  is 
observed  to  cause  a  considerable  enlargement  and  hyperaemia  of  the 
vessels  of  the  glands.  One  is  therefore  forced  to  assume  that  in  the 
seventh  nerve,  vasodilator  fibres,  in  addition  to  secretory  fibres,  exist 
and  are  irritated  with  the  others.  We  may  have,  therefore,  a  unilateral 
hyi)eridrosis  as  the  result  of  the  irritation  of  specific  sweat  fibres  in 
the  sympathetic  nerves.  We  know  that  the  sweat  secretion  is  entirely 
independent  of  the  vascular  condition.  When  we  see  all  the  signs  of 
marked  local  hyperaemia  with  hyperidrosis,  we  must  conclude  that 
the  cause  of  this  vascular  overfilling  is  due  to  sympathetic  irritation, 
t.c.,  we  must  assume  that  vasodilators  are  associated  with  vasocon- 
strictors in  the  sympathetic.  Truly  the  assumption  of  vasodilators 
in  the  sympathetic  is  somewhat  venturesome,  as  they  do  not  rest  on 
a  physiological  and  anatomical  basis  in  man,  although  they  have  once 
been  demonstrated  in  the  dog. 

Friedlander  says  that  Seguin  found  the  ganglion  cells  of  the  sym- 
pathetic on  both  aides  filled  with  much  pigment,  which  is  a  negative 
result,  that  Morselli  found  on  the  side  of  the  hyperidrosis  a  marked 
sclerosis  and  fatty  degeneration  of  the  cervical  sympathetic,  that 
Frankel  regards  the  cause  as  abnormal  enlargement  of  the  perivascular 
spaces  in  the  sympathetic  ganglia,  and  that  on  this  idea  of  Frankel 
Ebetein  builds  a  very  complicated  explanation.  The  whole  subject 
is  obscure  and  no  definite  pathology  is  known. 

Morrow"'  had  a  case  of  unilateral  hyi)eridro8i8  which  disappeared 
spontaneously.  In  another  case  the  hyperidrosis  was  attributed  by 
the  patient  to  a  blow  received  on  the  bridge  of  the  nose,  causing  a 
deflected  septum.  A  portion  of  the  deflected  septum  was  removed, 
and  the  ox)eration  resulted  in  a  diminution  of  his  catarrh  and  a  de- 
crease of  his  perspiration. 

F.  Windscheid  ""  reports  a  case  of  unilateral  hyperidrosis  of  the 
right  side  of  the  face  which  extended  somewhat  l^low  tlie  lower  jaw 
to  the  neck  and  upwards  to  the  line  of  the  hair.  The  skin  of  the 
right  side  of  the  face  was  warmer  than  on  the  left  side,  mydriasis  of 
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tlie  right  eye  was  preseut^  and  the  seventh  nerve  was  uortual* 
was  severe  headache  on  the  right  side  of  the  forehead  and  loss  of  hair 
all  over  tlie  Lead.  No  painful  i»oiiits  over  the  fifth  nerve  were  found. 
He  states  that  Adanikiewicz  hiis  demonstrated  thai  there  is  a  phvs- 
iological  connection  between  perspiration  and  the  seventh  oerve,  and 
he  rej)orts  several  eases  of  hyi*eridrosis  with  disease  of  this  nervi!*. 

Until  1890  Wioilscheid  was  able  to  tind  only  one  careful  study  *if 
hyperidrc*8is  of  the  face;  this  was  by  P.  Raymond/**  Raymond 
makes  the  following  classification :  (1)  Hyi^eridrosis  fainei  in  eoiiM- 
queuce  of  disease  of  the  central  nervous  system ;  (2)  hy i>eridro»iis  iMsim 
inoonaerpienceof  disease  of  the  cer\icalsynipathetic;  (3)  hyperidxtMiii 
faciei  in  cousetinenee  of  disease  of  the  seventh  and  fifth  neires;  (4) 
reflex  hyf^e?^idrosis  faciei  due  to  irritation  of  other  nen-es  (narret  of 
taste  or  sensation),  or  due  to  jisychicid  influence.  Mf:)st  caseii  belong 
to  the  second  class.  He  rej)orts  a  case  of  right-sided  hyjieridrosis 
with  right-sided  mydriasis,  and  also  ijuotes  a  case  rejiorted  by  Bichat, 
in  which  hemiplegia  was  present  with  hyperidrosis  of  the  face  on  the 
paralyzed  side, 

Landois  and  Stirling'  conclude  that  the  vasomotor  oervea  are 
distinct  from  the  sweat-secretory  nerves.  This  is  shown  by  the  fact 
that  excessive  sweating  may  cK'Cur  when  the  skin  is  pale,  as  in  fe«r 
and  in  the  death  agony.  Si>ecial  nerves  control  the  secretion  of  sweat, 
and  their  stimulation  causes  increased  secretion — as  has  be^n  shown 
in  the  ami>utatcd  leg  of  a  kitten,  after  com[>lete  arrest  of  the  c*irccih|p 
tion.  In  the  normal  8tat*\  however,  profuse  i>erspiration  is  lilwaya 
associated  with  dilatation  uf  the  blo^xl-vessels.  The  secretory  and 
vasomotor  nerves  seem  to  lie  in  the  same  nerve  truTik*  Adanikiewioi 
and  Senate >r  found  that  in  a  Tiuin  suflVriug  from  abscess  of  the  motor 
region  of  the  cortex  cerel)ri  for  the  arm,  there  were  spasms  and  jjer- 
sjiiration  in  the  arm.  An  example  of  vasodilator  fibres  is  aeen 
the  nervi  erigentt^s.  These  can  be  excited  reflexly  from  the  sensoi 
uen^es  of  the  penis.  The  psychical  disturbance  which  accomiiaiiies 
anger  or  shame  is  followed  by  dilatation  of  the  blood-veosals  of  the 
head,  owing  to  stimidatiou  of  the  vasodihib^r  fibres. 

It  is  a  question  whether  the  slight  redness  trt  the  face  in  my  case 
WAS  due  to  paralysis  of  the  vasoconstrictors  or  stimulation  of  tlie 
vasodilators.  The  opinions  given  make  it  probalJe  that  at  least  in 
some  parts  vasmlilatvtr  filires  exist.  Foster  says  that  ''when  the 
lingual  is  stimulated  the  blood-vessels  of  the  tongue  dilate." 

Some  stjiteinenis  have  lieen  made  in  regard  to  the  presence  of 
gym|*atlietic  fibres  wiiliin  the  brain. 

Bechterew  and  Mislawski/'*  by  irritation  of  the  iH^ripheral  cut 
end  of  the  cervical  sym|withetic,  caused  dilatation  of  the  pupil,  pn>m- 
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inenoe  of  the  eyeballs,  retraction  of  the  third  eyelid,  and  an  evident 
aecretion  of  tears  in  the  corresponding  eye. 

By  irritation  of  the  cortex  of  dogs  abont  the  sigmoid  gyms,  and 
likewise  of  the  jKtrtion  deep  within  the  inner  part  of  the  thalamus,  at 
the  anterior  part  of  the  gray  commissure,  they  caused  secretion  of 
tears,  dilatation  of  the  pupil,  prominence  of  the  eyeballs,  and  retrac- 
tion of  the  third  eyelid.  They  conclude  that  the  central  tract  of  the 
ceryical  sy mx)athetic  is  to  be  found  in  the  thalamus,  and  ascends  from 
here  to  the  cortex.  No  mention  is  made  in  these  experiments  of  red- 
ness of  the  face  or  of  perspiration. 

German  authorities,  as  a  rule,  ascribe  the  drooping  of  the  upper 
eyelid  in  sympathetic  paralysis  to  paralysis  of  Miiller's  fibres  in 
the  upper  lid,  which  are  innervated  by  the  sympathetic. 

Opi)enheim  says  that  he  has  once  observed  in  a  case  of  lesion  in 
the  optic  thalamus  the  symptoms  of  sympathetic  irritation  described 
by  Bechterew.  He  also  says  that  when  there  are  symptoms  of 
sympathetic  paralysis  there  may  be  at  the  same  time  symptoms  of 
sympathetic  irritation,  but  that  this  is  very  rare. 

In  view  of  the  statements  which  have  been  made,  let  us  consider 
the  case  reported  by  me :   The  man  has  had  two  attacks  of  hemi- 
plegia, which  came  late  in  life.     He  is  paralyzed  on  the  right  side, 
bat  he  is  not  ax)hasic.     Therefore  I  do  not  believe  the  lesion  is  corti- 
cal   The  lesion  must  be  near  the  internal  capsule.     He  has  no  hemi- 
anopsia, which  simply  means  that  the  optic  fibres,  which  pass  through 
the  pulvinar  at  the  extreme  end  of  the  thalamus,  are  not  cut.     He 
has  symptoms  almost  exclusively  of  sympathetic  irritation,  for  there 
is  no  active  flushing  of  the  face.     These  have  existed  for  some  time. 
There  is  no  reason  to  think  that  they  are  due  to  disease  of  the  pe- 
ripheral portion  of  the  sympathetic,  and  indeed  it  is  bard  to  imagine 
a  lesion  that  could  cause  at  the  same  time  irritation  and  paralysis  at 
a  point  where  the  fibres  are  so  closely  associated  as  they  are  in  the 
cervical  sympathetic  cord.     Centrally  the  vascular  portion  seems  to 
be  somewhat  separated  from  the  ocular  portion  (if  we  may  consider 
perspiration  as  well  as  redness  vascular  symptoms),  as  Bechterew 
obtained  no  vascular  symptoms  in  his  experiments ;  and  we  can  there- 
fore more  easily  imagine  a  lesion  at  a  central  portion  of  the  tracts 
that  would  cause  irritation  and  x)aralysis.     The  i^roblem  is  much  sim- 
plified, however,  if  we  conclude,  as  seems  justifiable,  that  the  patient 
has  no  symptoms  of  paralysis,  i.e.,  flushing.     Sympathetic  symptoms 
in  cerebral  lesions  are  recorded  by  some  high  authorities  in  neurol- 
ogy.    We  know  also  that  within  the  spinal  cord  the  ocular  centres  are 
higher  than  the  vascular  centres  for  the  cervical  branch  of  the  sympa- 
thetic cord.     Forced  laughter  may  be  due  to  mental  failure;  it  may. 
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however,  be  due  to  a  lesiao  nejir  tli©  thalamus.  Bechterew'"  mjUA- 
taiim  tliat  forced  laughter  ia  not  uncommon  in  cerebral  [^ralysU, 
although  seldom  mentioned  by  neurologists.  He  belie vea  the  re- 
flex arc  for  laughter  in  through  the  thalamus,  and  when  the  cortical 
influeoee  is  cut  off  by  destruction  of  the  fibres  from  the  cortex  to  the 
thalamus,  the  restraining  influence  of  the  cortex  is  lost  and  the  least 
irritation,  external  or  internal,  may  cause  eon\Til8ive  laughter.  The 
laughter  in  my  case,  however,  could  scarcely  be  called  **  forced"  or 
**  convnlsive/*  and  does  not  retjuire  such  an  hy|>othe8i8  to  explain  il 
as  the  one  suggested  by  Bechterew.  It  was  simply  an  inane  smile 
or  grin,  and  could  be  explained  by  the  man's  mental  state.  Absence 
of  sensation  in  my  case  is  of  little  significance. 

In  the  c^ise  reported  by  Dejerine  and  Miralli^  of  hemiatrophy  ol 
the  fm-e  with  unilateral  syringomyelia,  the  mmlar  symptoms  due  to 
a  lesion  of  the  sympathetic  were  present,  but  the  vaflonlar  symptoms 
were  absent, 

Dastre  concludes  from  this  case  that  it  was  not  simply  the  cervical 
sympathetic  itself  that  wns  affected.  This  system,  according  to  him, 
is  composed  of  fibres  that  are  tlivei-se  in  their  origins  and  functions* 
Hence  the  sympttims  differ  acconling  as  the  nerve  trunk  or  the  (K)iiite 
of  ririgin  are  affected.  If  a  lesit>n  is  limited  to  the  spinal  e^ml  below 
tlie  level  of  the  three  upper  dorsal  nerves,  it  does  not  affect  the  circa- 
latitui  i>f  the  face,  or  if  this  is  affected,  it  is  only  temporarily  so,  doe 
to  the  fact  that  the  lace  receives  part  of  ifo*  sympathetic  innervation 
fi'om  the  trigeminal  nerve,  i.e.,  from  the  bulb. 

As  the  centres  for  these  two  seta  of  functions,  ocular  and  vaA<nthir, 
occupy  such  different  imrin  in  the  cord,  it  seems  to  indicate  that  theoe 
fibres  of  the  two  set^  are  somewhat  disuniteil,  and  that  {laralysis  of 
one  set  with  irritation  rrf  the  other  set  is  {xmsible  in  central  Unions. 

The  question  of  the  ^lersistence  of  anesthesia  in  cerebral  lesions 
is  one  of  importance. 

Oppenheim  says  that  in  tumors  of  the  central  ganglia,  especially 
in  those  of  the  optic  thalamus,  disturbance  of  seus&tiont  paiBt  PM^ 
a>sthesia,  much  more  fre<|uently  hemihyiiersBstliesia  and  hemianns- 
thesia,  have  Ijeen  noticed.  In  most  of  the  cases  of  AssagioH  and  Bon* 
vecchiato,  Pilz,  Mills,  Oppenheim,  Dercum,  Nothnagel,  Masing,  Kir- 
ilzew,  etc%,  hemihyi>era*stheHia  or  hemiamesthesia  was  demonstratecL 
Just  as  great,  in^rhaps  even  greater,  is  the  number  of  cases  of  toinor 
in  the  optic  tludamus  in  which  every  anomaly  of  sensation  was  absent 
This  circumstance  makes  it  improbable  that  the  disturliauce  of  sensa- 
tion  is  a  direct  focal  symptom  of  new  growth  in  the  optic  thalamna  or 
in  the  central  ganglia. 

Dejerine's  case  has  created  great  interest.     He  says  that  disor- 
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deiB  of  sensation  in  hemiplegia  of  cortical  origin  are  in  general  transi- 
tory, and  the  same  is  true  of  hemianfiBsthesia  of  capsular  origin. 

The  symptoms  in  his  case  were  hemiplegia  of  the  left  side,  espe- 
cially noticed  in  the  superior  extremity,  and  almost  a  monoplegia, 
with  abolition  in  this  limb  of  all  forms  of  sensation,  including  the 
muscular  sense;  slight  diminution  of  sensation  in  the  lower  half  of 
the  fade,  the  left  half  of  the  trunk,  and  lower  limb  of  the  same  side ; 
integrity  of  the  special  senses,  and  i)ersistence  of  the  ansesthesia  of 
the  upi>er  limb,  with  loss  of  muscular  sense  during  five  and  one-half 
months  until  death.    At  the  autopsy  the  lesions  found  consisted  of 
cortical  softening  of  the  right  hemisphere;  secondary  degeneration 
o!  the  x>o8terior  segment  of  the  internal  capsule,  of  the  cerebral  pe- 
duncle, xx)ns,  bulb,  and  cord.     The  fillet  was  intact. 

Ballet  during  his  lectures  in  Paris  in  the  winter  of  1895,  showed 
a  case  of  hemiplegia  in  which  the  loss  of  sensation  had  existed  for 
considerably  over  a  year. 
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UNILATERAL     AND     LOCAL     ATBOFHIES      AND 
HTPEBTBOFHIES. 

Hemifacial    Atrophy. 

Synonyms,  Definition,  and  Literature. 

The  synonyms  of  hemifacial  atrophy  are  unilateral  atrophy  of 
the  face,  progressive  facial  hemiatrophy,  neurotic  or  neural  atrophy 
of  the  face,  facial  trophoneurosis,  progressive  laminar  aplasia,  and 
atrophy  of  the  connective  tissue  of  the  face.    Morphoea,  which  was 
formerly  classed  by  some  authorities  as  a  form  of  partial  facial 
hemiatrophy,  is  now  usually  regarded  as  a  variety  of  circumscribed 
scleroderma.     Unilateral  atrophy  of  the  face  is  a  neurotrophic  dis- 
order, characterized  by  gradual  wasting  of  the  skin,  subcutaneous 
tissue,  and  bones  of  one  side  of  the  face.    The  muscles  are  not  usu- 
ally implicated,  but  may  be  in  rare  instances.    In  1886  the  writer 
collected  about  sixty  cases  of  facial  hemiatrophy  from  the  literature 
on  the  subject.     Collins,  in  an  extensive  investigation  of  the  literature 
in  1895,  found  records  of  one  hundred  and  twenty-six  cases.    The 
disease  was  first  described  by  Parry,  in  1825.     One  of  the  most 
valuable  of  early  descriptions  was  that  by  Komberg,  in  1846.    A 
number  of  cases  have  been  recorded  by  American  writers,  esx)ecially 
during  the  last  ten  or  twelve  years.     Bannister,  in  1876,  presented  a 
complete  survey  of  the  subject  up  to  that  time. 

Etiology. 

Mobius  has  advocated  the  theory  that  the  disease  is  due  to  exter- 
nal local  infection,  believing  that  the  infection  may  take  place  in  the 
vessels,  mucous  membranes,  or  skin.  In  connection  with  the  subject 
of  infection  it  should  be  remembered  that  some  of  the  reported  cases 
have  occurred  after  syphilis,  scarlet  fever,  measles,  typhoid  fever, 
and  other  infectious  diseases.  Inheritance  seems  to  play  some  part. 
Seeligmuller,  for  instance,  has  reported  one  case  occurring  in  a  child 
nine  years  old,  and  another  in  the  mother  of  this  child.     The  affec- 
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tion  19  of  more  frequent  occurrence  in  females  thao  in  malefi,  m 
proportion  probably  of  two  to  one.     It  most  frfMrjuently  orig 
childliood  and  youth,  rarely  developing  after  the  prime  of  lit 
though  cases  have  been  recorded  occurring  at  various  ages  1 
fifty.     Out  of  twenty-five  cases  analyzed  by  the  writer,  onlvom 
over  the  age  of  thirty  years,  and  three-fourths  of  these  caaeal 
before  the  age  of  hventy.     ExpoBiire  to  cold,  inflammation  of  tlifi  I 
maxfllary  gland,  and  abscess  of  the  ear  have  been  followed  by  I 
hemiatrophy ;   and  among  exciting  ca^ises,  falls  or  blows  upon  \ 
face  are  generally  given  important  places.     Among  the  disea«8  i 
the  course  of  which  hemiatrophy  of  the  face  has  been  obserrod  in^ 
hysteria,  epilepsy,  insanity,  multiple  sclerosis,  syringomyelia,  mul- 
tiple exostoses  of  the  head  and  face,  localized  and  diffuBeil  sclenr 
derma  in  oUier  parts  of  the  body,  and  pityriasis  rubra  (C^lUns). 

Sywptoub, 

The  disease  is  insidious  in  origin  and  slow  of  developmpnt,  the ' 
appearances  first  noted  being  usually  certain  changes  in  the  akin.  A 
white  or  whitish  spot  is  seen  on  the  cheek,  and  other  similar  [mkhes 
appear  from  time  to  time,  these  gradually  changing  to  a  darker  yel- 
lowish or  brown  color,  the  first  appearing  being  the  first  to  sho^ 
such  alterations  of  color.     Sometimes  the  change  in  color  involTes 
the  entire  half  of  the  face,  or  may  in  some  jiositions  extend  a  short 
distance  bey imd  the  median  line.     The  face  may  even  assuiiMj  a  motr 
tied  appearance,  as  in  one  of  the  early  cases  reiK>rted  by  Bomberg,  in 
which  a  yelln wish-gray  discoloration  began  at  the  median  line  and 
extended  across  the  lower  half  of  the  face  to  the  angle  of  the  lowetj 
jaw.     Patches  of  discolorations  were  also  present  in  the  npperl 
of  the  face*     These  changes  in  color  in  circumscribed  or  diffm 
areas  are  due  to  or  coincident  with  advancing  atrophy  of  the  i 
In  the  course  of  time,  but  usually  not  until  after  the  lapse  of  yoi 
the  atrophy  attains  its  maximum,  and  then  the  appearances  reu 
much  the  same  during  the  life  of  the  patient.     In  rare  instances  a 
phic  spots,  similar  to  those  observed  in  the  face  or  to  the  genendiaed 
atroi>liy  of  the  face,  are  seen  in  other  parts  of  the  body,     Theatrnphr 
of  the  face  is  in  still  rarer  cases  bilateral. 

According  to  Mobius  hemifacial  atrophy  sometimes  tu 
all  the  characteristics  of  simple  atrophy  of  the  skin, 
advaucenieut  with  an  infiltration  of  the  marginal  wall  clej 
the  atrophied  skin. 

The  hair  may  be  thinned  or  changed  in  color  on  the  < 
this  being  shown  particularly  in  the  beard,  eyebrow'^,  a 
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the  foreliead  aod  temple.  Complete  absence  of  th©  hair  of  the 
from  the  inner  caiitUiis  to  the  middle  of  the  lid  has  been  ob- 
(Romberg) . 

The  bones  of  the  jaw,  and  especially  the  upper  jaw,  may  atrophy, 
even  the  teeth  seem  sometimes  to  undergo  atrophic  changes  and 
out  of  their  sockets.     Atrophy  of  the  tongne  or  gums  may  b© 
it. 

lidrosis,  or  absence  of  perspiration,  is  a  common  symptom,  and 
atteutiou  of  the  patient  or  bis  friends  is  first  called  Uy  the  disease 


I  of  Hemif&d&l  Atropiiy  in  which  the  lA-^ion  ia  linnteii  ^m  iij>e  t  urtfhead  and  Cpper 
and  Later&l  Farm  of  the  Nuse.    (Llojrd.  > 


oj  the  fact  that  the  patient  iierspires  on  one  side  of  the  face  only,  or 
iiatarally  on  one  side  only,  and  but  very  little  cm  the  other.  The 
peiBpiration  is  usually  normal  in  other  partn  of  the  lK:(ly,  Diminu- 
tion of  lacrj-mal  secretion  and  unilatpral  exoj)ht]ialmos  have  been 
^Wn^ed, 

Differences  in  local  temi>eratiire  on  bntli  siden  of  tiie  face  have 
been  noted  by  aome,  but  have  not  been  fcjund  by  othorH.  Bannister, 
'or  example,  observed  a  ditfereuce  of  six-teutlis  of  a  dej^r^-O  in  f^f-^'^'i* 
^f  the  ear  of  the  nnatropliied  sitle,  while  others  have  failed  to  dis- 
*^ver  any  differences  iii  local  temfierature. 

Fig.  48  rejireeents  a  case  of  hemifacial  atrophy  described  by  Lloyd, 
^  which  the  disease  began  as  a  white  patch  near  the  bridge  of  the 
Vol.  XI.  ^31 
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nose  several  years  before  the  ease  came   under   obserratioa* 
patch  Ki'fi'tlually  spi'ead  until  it  involved  the  forehead  and  hairj  i 
The  true  skin  was  almost  destroyed,  fat  and  connective  tiastie  < 
peared,  and  the  bone  was  deeply  atropliied  strictly  on  one  side. 

In  two  cases  recorded  by  Bannister  taste  was  involved;  m  i 
ageusia  was  present  on  the  anterior  half  of  the  tongue  on  the  aSen 
side,  in  the  other  on  the  posterior  third  of  the  tongue.  In  the  < 
in  which  taste  was  impaired  only  over  the  posterior  third  of  i 
tongue,  and  the  symptoms  w^ere  those  of  a  typical  unilateral 
atrophy,  the  simplest  explanation  would  \ye  that  of  a  coincideall 
volvement  of  the  glossopharyngeal  and  trigeminal  nuclei  or 
fibre-s.  As  Bannister  has  suggested,  the  accompanying  sympb 
(which  were  headache,  mental  confusion,  and  impaired  cardiac  actia 
indicated  a  widespread  intracranial  lesion,  involving  the  trigen 
auditory,  and  glossopharyngeal  nerves,  including  the  facial  and] 
intei'media  of  WVisberg.  The  hitter  we  regard  as  the  central  porl 
of  the  chorda  tj^'mpani.  In  the  majority  of  reported  cases  taste  1 
in  it  been  affected. 

Impairment  of  hearing,  usually  slight,  has  been  recorded. 
one  of  my  cases  careful  examination  showed  atrophy  of  the 
branes  of  the  tympanum. 

Ophthalmoscopic  appearances  with  the  exception  of  slight  cop 
](ing  and  haziness  of  the  disc  have  been  negative. 

Trigeminal  neuralgia  is  a  not  infrecjoent  accompaniment  or  i 
plication  of  hemifacial  atrophy.     In  some  reported  cas^  the  ] 
have  suffered  esi^cially  from  frontotemporal  neuralgia,  or  near 
in  some  other  portion  of  the  distribution  of  the  trigeminus.    Hjp 
lesthesia  in  sperial  areas  of  the  face  and  scalp  has  also  beenob 
The  neuralgic  attacks  are  usually  paroxysmal,  but  may  freqn 
recur  or  in  rare  cases  l»e  very  persistent.     The  neuralgia  may  or  WMf' 
not  be  accmni^auied  l>y  twiWiings  of  the  facial  muscles.     Variom^^ 
parjesthesif©  may  be  present,  the  patient  sometimes  complainizig  ( 
nuiuljiiess,  linKling,  or  burniug  sensations.     Slight  tactile  ansetl 
lias  idsu  lH:^en  not*^dj  but  marked  anflssthesia  of  any  variety  isnnoofll-J 
nvm. 

Hemiplegia  is  sometimes  an  accompaniment  of  hemifacial  ati^ ] 

phy,  liH  it  may  be  of  atrophy  of  the  tongue  or  of  any  r"^^ ^^ 

or  set  nf  syijiptoms  referable  to  the  cranial  nerves. 
heniii>le^ia  precedes  the  atrophy,  at  others  it  develoj 
same  tirnc^ 

111  a  rasi^  recorded  by  Diller  the  patient  had  sufl 
tlio  Fi'iiorter  dt^sciilk^s  as   attacks   of  Jacksonian  st 
although,  its  mentioned  by  Lloyd  in  the  discussion 
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foie  flie  Philadelpbia  Neurological  Society,  the  diagnosis  of  epilepsy 
loight  be  r^arded  as  doubtful,  the  symptoms  being  somewhat  like 
tho66  present  in  some  forms  of  hysteroepilepsy.  The  relationship 
between  these  attacks  and  the  partial  facial  atrophy  was  not  easy 
to  trace.  Besides  the  sensory  attacks  just  described  this  patient 
had  at  least  one  severe  motor  paroxysm  with  apoplectic  accompani- 
ments, and  subsequently  suffered  at  times  with  dizziness.  It  is  pos- 
sible that  a  meningeal  growth  may  have  been  present,  so  situated 
as  to  cause  cortical  irritation  and  at  the  same  time  exercise  a  direct 
influence  upon  one  of  the  branches  of  the  fifth  nerve. 

Twitchings  of  the  muscles  supplied  by  the  motor  distribution  of 
the  fifth  may  be  present;  irregular  contractions  of  one  of  the  mastica- 
tory muscles  on  one  side  have  been  observed  (Axmann  and  Hueter). 

Marked  changes  of  the  musculature  of  the  face  are  not  present  in 
bemifacial  atrophy,  at  least  the  muscles  supplied  by  the  seventh 
nerve  are  not  usually  involved.  Some  atrophy  of  the  muscles  sup- 
plied by  the  motor  branches  of  the  fifth  nerve,  namely,  the  masseter, 
temporal,  and  pterygoid,  has  been  noted. 

hi  a  few  reported  instances  unilateral  facial  atrophy  has  been 
fomid  in  association  with  insanity,  and  esi)ecially  in  cases  which  have 
shown  the  somatic  signs  of  degeneration.  These  are  to  be  placed  in 
the  same  class,  in  most  cases  at  least,  with  the  cases  of  arrested  and 
aberraut  development  of  congenital  origin.  Mendel  and  others  have 
reported  such  cases. 

hi  rare  instances  of  true  atrophy  of  the  same  type  as  hemifacial 
atrophy,  the  atrophic  process  is  confined  to  one-half  or  to  a  certain 
portion  of  the  face.  Such  semilateral  atrophy  of  the  face  has  been  de- 
scribed by  Blumenau — a  case  in  which  the  atrophy  was  distinctly 
confined  to  the  lower  half  of  the  face.  Besides  the  lip,  cheek,  and 
iMMtril,  the  atrophy  also  extended  to  the  half  of  the  tongue  of  the 
afifected  side,  to  the  soft  palate,  and  to  the  maxillary  bone.  The 
effected  half  of  the  lip  was  completely  hairless,  the  mustache  growing 
Witurally  on  the  opposite  side.  The  frontal  region  of  the  face  was 
^t  affected.  At  the  time  of  examination  the  patient  was  fifty  years 
<^M,  The  atrophy  began  when  he  was  sixteen,  the  first  notable  fea- 
^  beiug  a  whitish  spot  upon  the  upper  lip.  The  atrophic  process 
'^hed  its  maximum  five  years  from  the  onset,  and  had  therefore 
remabed  stationary  for  nearly  thirty  years.  Sensibility,  the  elec- 
Wcal  reactions,  and  local  temperature  were  normal  on  both  sides. 
In  1885  Weir  Mitchell  reported  a  case  of  absence  of  adipose  matter 
^n  the  ui)per  half  of  the  body,  both  sides  of  the  patient's  face 
presenting  a  striking  similarity  to  the  affected  side  in  cases  of  uni- 
wteral  or  local  atrophy  of  the  face. 
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MORBID  AKATOMY  and   PATHGLUOy. 


Autopsies  bave  beeu  recorded  in  only  two  cases:  one  of  I 
by  Homen,  lb  which  a  dtiral  tumor  compressed  the  Oaaaerum  | 
glion  and  the  brancheB  of  the  fifth  nerve — anaasthesiA  of  tha 

affected,  and  paralysis  of  the  oculomotor  nerve  being  pr 
other  ease  by  Mendel,  in  which  examination  revealed  pp 
neuritis  of  the   left  trigemiual  nerve,  most   marked  in   its 
branch.     Central  atrophy  of  the  spinal  root  of  the  fifth  and] 
atrophy  nf  tlie  substantia  ferrugiue-a  were  disci^vered.     This  ( 
of  unusual  value,  both  because  of  the  care  with  which  the 
and  microscopical  examinations  were  made,  and  also  bec«i] 
patient  had  l>eeu  freiiueiitly  stutlied  during  life.     The  case 
typical  one,  had  long  l>efore  the  patient's  death  been  reconled  ini 
rological  literature,  and  the  patient*  hm\  appeared  at  different  < 
in  Germany  for  a  period  of  twenty-five  years.     The  facial 
in  this  case  was  associated  with  atrophy  of  the  left  upi>er  < 
and  the  auto]Jsy  and  microsropical  examination  showed  that  the  I 
musculospiral  nerve  haii  uuderj^one  changes  similar  to  those  foi 
in  the  Gaaseriau  ganglion  and  the  fifth  nerve. 

It  is  generally  held  that  hemifacial  atrophy  is  a  trophoD 
dependent  upon  lesion,  probably  iiTitative  in  character,  of  soroei 
tion  of  the  fifth  nerve.  It  is  generally  considered  that  the  trophi 
fibres  of  ttie  fifth  nerve  are  contained  in  the  posterior  rcx>t,  and  ihrn 
fore  the  disease  presumably  is  au  affection  of  this  portion  of  the! 
geminus.  Tlie  autopsies  in  the  ciises  of  Mendel  and  Homeu  supiw 
this  view,  which  is  also  upheld  by  other  facts.  Section  of  the 
terior  root  of  the  trigeminus  has  been  followed  not  oidy  by  umlfttf 
atroph3'  of  the  m  ancles  of  the  face,  but  also  by  atrophy  of  tlie  im 
cles  of  mastication,  and  even  by  atrophy  of  the  tongue  and  of  I 
bones  of  the  face,  and  by  thinning  and  color  changes  in  the  hit,i 
Such  asBociated  symptoms  as  trigeminal  neuralgia  point  to  the  fifikj 
nerve  as  the  probable  source  of  the  disease.  The  trigeminal  origitj 
of  the  disease  cannot,  however,  be  regarded  fully  as  established. 

Ol>erationR  on  the  Gasserian  ganglion  have  lent  only  partial  fl^l 
port  in  this   theory.     According  to  Krause,  after 
ations,  trophic  diseases  of  the  skin  did   not  as  a 
majority  of  eases  not  showing  the  slightest  dermal 
motiir  or  trophic  churacter  even  after  sevei*al  yeiirs. 
cheek  on  the  o|)erated  side  W£is  a  trifle  smoother 
stretched  in  one  of  his  cases  three  and  one-half  ye 
tion   on  the  second  branch  of  the  fifth.     In  ami 
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operated  side,  the  skin  felt  a  little  thicker  and  harder  than  on  the 
opposite  side.  Krause,  however,  says  that  he  believes  these  slight 
trophic  changes  may  be  explained  on  the  ground  that  they  were 
cansed  by  a  slight  pinching  of  the  anaesthetic  mncous  membrane 
duiDg  chewing.  In  the  second  patient  referred  to  even  the  eyebrows 
were  thinner  on  the  operated  side,  but  he  thought  this  might  be  ex- 
plained by  the  scar  of  a  former  operation  on  the  supraorbital  nerve. 
He  also  says  that  herx)es  did  not  occur,  and  he  was  unable  to  note 
an?  change  in  the  secretion  of  sweat  on  the  oi)erated  side. 

Eraose  contrasts  these  results — this  general  absence  of  trophic 
affections  after  Gktsserian  and  pre-Gasserian  operations — with  the 
reported  conditions  in  cases  of  paralysis  of  the  trigeminus.  As  is 
weU  known,  many  records  show  the  presence  of  such  conditions  as 
herpetic  changes  of  the  skin  of  the  face,  neuroparalytic  keratitis, 
the  formation  of  scar  tissue  in  the  skin  of  the  cheek  and  the  mucous 
membrane  of  the  nose.  He  argues,  therefore,  that  the  mere  loss  of 
nerve  influence  cannot  be  suflScient  to  cause  such  disturbances,  but 
that  other  factors,  especially  neuritis,  must  enter.  Not  one  of  his 
cases  at  any  x)eriod  after  his  ox)erations  showed  any  appearance  of 
iacial  hemiatrophy.  Physiological  exx)eriment  has  shown  that  sec- 
tion of  the  trigeminus  in  animals  causes  wasting  of  the  operated  side 
of  the  face. 

William  Aldren  Turner,  as  the  result  of  experimental  sections  of 
the  trigeminal  nerve,  arrived  at  the  conclusion  that  the  Gasserian 
ganglion  does  not  exercise  any  trophic  influence  on  the  cornea,  and 
if  septic  organisms  are  excluded,  the  ophthalmic  branch  of  the  fifth 
may  be  safely  divided  or  the  Gasserian  ganglion  removed  without 
fear  of  corneal  lesions.     According  to  him,  so-called  paralytic  phe- 
nomena associated  with  lesion  of  the  trigeminus  are  evidences  of 
irritation  and  not  of  paralysis.     Facts  of  this  kind  are  corroborated 
by  the  view  that  the  influence  exercised  by  the  fifth  is  not  trophic, 
and  it  would  seem  to  follow  that  while  lesions  of  the  trigeminus  or 
of  its  nuclei  or  root  fibres  may  play  a  part  in  the  production  of  facial 
hemiatrophy,  when  they  do  this  the  lesions  are  irritative  in  character. 
Some  of  the  older  observers  attributed  hemifacial  atrophy  to  dis- 
orders of  the  cervical  sympathetic,  and  some  support  to  this  view  has 
been  given  by  a  case  recorded  by  Seeligmiiller,  in  which  a  tumor 
pressing  upon  the  cervical  sympathetic  led,  among  other  symptoms, 
to  facial  hemiatrophy. 

The  ([uestion  arises  whether  hemifacial  atrophy  is  not  sometimes 
of  cortical  origin.  CerbiiDly  the  usual  type  of  this  aflfection,  the 
form  which  has  l)een  described  in  the  previous  pages,  does  not  orig- 
inate from  cortical  lesion,  but  it  is  well  to  bear  in  mind  the  fact  that 
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in  recent  years  inie  atrophy  baa  been  found  associated  with  bemi* 
plegia. 

S|)iUer  found  one  case  of  unilateral  arrest  of  facial  deTelopmeiit 
in  tbirty-tlirecj  cjises  of  infantilo  hemipleniia,  studicnl  by  bim  at  the 
Pennjiylvania  Training  Scliool  for  Fi^eble- Minded  Children.  Tbin 
case  was  one  of  left  hemiple^na  with  paralvHiiJ  of  the  iniiHelas  iiioef^ 
vated  by  the  lower  branch  of  the  seventh  nerve.  According  to  F4t6 
the  face  UBually  particiftates  in  the  hetniatrtiphy  of  infautila  h<tmi* 
plegia^  but  Spiller  regards  this  as  a  somewhat  sur pricing  statement, 
he  having  f<»un«l  only  one  case  of  arrested  developnjent  in  whit'h  the 
face  was  involved.  I  have  seen  several  eases  of  facial  arrest  in  infan* 
tile  hemiplegics,  and  there  is  now  one  such  ease  in  the  wards  for 
nervous  diseases  of  the  Fluladelpliia  Hospital.  Some  atrophy  of  the 
face  is  sometimos  seen  in  cases  of  adult  heniiplegia,  as  I  havB  learnad 
from  my  own  investigations  on  Iienuplegias.  nio«lerate  or  slight  atro- 
phy being  not  infre<iuently  present  in  the  limbs  aa  well  as  in  tli© 
muscles  of  the  ftice.  The  distal  portions  of  the  limbs  are  jnuiiciilarlj 
likely  to  suffer,  the  small  muscles  of  the  hands  and  fingers  showing 
decided  wasting,  and  the  same  is  tnie  nf  the  mnscles  of  tlie  feet  and 
lower  portion  of  tlie  leg.  Savill  has  suggested  that  cortical  tro|ikie 
centres  may  l»e  situated  in  the  lim!iic  lol>e,  Imsing  this 
upon  one  or  two  clinicoi>athologioal  observations.  In  rare 
partial  hemiiaeial  atrophy  might  \ye  attribute*!  to  cerebral  and  i 
to  cortical  lesions,  but  such  cases  oould  be  readily  diatiDKQiab^d 
from  those  of  the  usual  ty|>e. 


BUONOSIB. 

Tbe  diagnosis  is  to  be  made  by  a  careful  study  of  the  Umm  mA 
method  of  onset,  history,  and  present  condition  of  the  [mtient.  Thu 
disease  most  frec[uently  begins  in  youth.  The  cireumacribed  thin- 
ning of  the  skin  antl  areas  of  discoloration  should  lie  spaeitUy  boma 
in  mind.  Careful  study  will  show  that  the  atrophy  affects  tlie  skin 
and  subcutaneous  tissues,  lind  possibly  the  bfmes,  gums,  and  other 
structures  which  have  been  euiimerated,  but  not  the  muscles;  or  if 
the  musculature  is  at  all  affected,  it  will  Im  so  mily  to  a  limited  eoctoiili 
and  the  atrophy  is  usually  confined  to  the  muscles  supplied  by 
motor  distribution  of  the  fiftli  nerve. 

According  to  Mubius  it  is  almost  impossible  at  times  to  dis 
guish  between  hemifacial  atrophy  and  scleroderma,  which  don 
have  clo«e  pathogenetic  rf*lations.     In  hemiatrophy  of  the  face  all  llii 
tissues  are  affected  primarily^  while  in  circumscribed  scleroderma  i 
atrophy  of  the  <leepest  tissues  is  se<x)ndary  to  pressure.    In  morphoec? 
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which  is  closely  related  to  hemifacial  atrophy,  the  bones  are  not 
iffected. 

Congenital  asymmetry  of  the  face  is  commonly  met  with  in  asso- 
ciation with  aberrant  or  arrested  development  of  other  portions  of  the 
body,  and  cases  of  this  kind  are  seen  in  institutions  for  the  idiotic 
and  feeble-minded.  In  these,  face,  trunk,  and  limbs  are  frequently 
atrophied  together.  The  association  of  other  somatic  and  of  psychi- 
cal evidences  of  arrested  development  or  degeneracy  will  render  clear 
fhe  diagnosis  of  these  cases  from  ordinary  hemiatrophy.  Atrophy 
of  one-half  of  the  cranial  vault  may  be  present,  and  this  is  most  likely 
to  be  associated  with  atrophy  of  the  face,  trunk,  and  limbs  of  the 
opposite  side. 

In  very  rare  cases,  in  individuals  otherwise  normal,  one  side  of 
the  face  is  considerably  smaller  than  the  other.  These  cases  some- 
times occur  in  persons  of  average  intelligence  and  mental  develop- 
ment, but  in  them  the  sx)ecial  signs  of  unilateral  atrophy  will  be 
absent 

A  case  of  hemifacial  atrophy  may  for  a  time  through  carelessness 
be  regarded  as  facial  paralysis.  In  the  former  the  muscles  supplied 
by  the  seventh  nerve  are  not  invaded;  willed  movements  of  all  kinds 
can  be  readily  performed;  the  muscles  respond  promptly  to  the  elec- 
trical current;  while  in  peripheral  facial  paralysis  the  opposite  is 
true.  It  would  be  only  in  extremely  rare  cases,  in  which  some 
atrophy  of  the  face  is  present  in  association  with  hemiplegia,  that 
the  diagnosis  cotdd  remain  even  for  a  brief  time  in  doubt.  No  one 
who  fully  comprehends  the  diagnostic  features  of  that  very  common 
disease.  Bell's  palsy,  could  long  be  mistaken  in  his  study  of  a  case  of 
bcial  hemiatrophy. 

In  a  special  type  of  progressive  musctdar  atrophy  the  muscles  of 
the  face  are  first  implicated.  In  progressive  muscular  atrophy  the 
appearances  of  the  skin  shown  in  cases  of  facial  hemiatrophy  are  not 
present,  and  the  subcutaneous  tissues  and  bones  and  the  other  struc- 
tures affected  in  facial  atrophy  are  not  involved.  As  a  nile  in  facial 
hemiatrophy  the  atrophic  processes  spread  over  very  nearly  the  entire 
half  of  the  face,  although,  as  has  been  indicated,  we  occasionally  have 
cases  of  semilateral  atrophy,  but  even  these  cases  show  a  certain  reg- 
ularity in  the  distribution  of  the  atrophy  and  a  tendency  to  follow 
the  course  of  subdivisions  of  the  fifth  nerve.  The  order  and  method 
of  progress  of  a  case  of  progressive  muscular  atrophy  are  very  different 
from  those  of  facial  hemiatrophy. 

A  glance  at  a  patient  suffering  from  hemihypertrophy  may  at  first 
sight  lead  to  the  opinion  that  the  face  of  the  unaffected  side  is  atro- 
phied, but  careful  scrutiny  will,  of  course,  soon  correct  this  error. 
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rR0GN08IB. 

No  case  of  recovery  from  liemilacial  atrophy  is  on  record. 
diae&Be  does  not,  however,  progress  all  through  life,  the  atrophfi 
rule  reaching  its  full  development  in  a  few  years.     The  case  i 
by  Virchow  aiad  Mendel,  and  on  which  an  autopsy  was  made  by] 
del,  lived  for  fi-om  thirty  to  thirty -five  yearn  after  the  inceptioD  of  I 
diBease. 

TliEATME^VT. 

In  the  cases  ao  far  reported  no  treatment  has  proved  of  any 
manent  value.  Mubius  has  suggested  as  prophyWtic 
that  surgical  interference  over  the  infected  area  might  l>e  of 
Sachs  has  recommended  th^yroid  feeding,  which,  so  far  aa  I 
has  not  been  given  a  thorough  trial.  The  application  of  gnlr 
to  the  affected  tissue  seems  sometimes  temporarily  to  stay  the  pn 
ress  of  the  affection,  Derctim  has  suggested  early  resectioa oft 
branches  of  the  trifacial,  l>elieviiig  that  this  treatment  would  do  j 
on  the  assumption  that  the  disease  is  due  to  perversion  of  the  tropi 
nerve  stimulus,  but  no  results  have  been  recorded  as  following  m 
cal  measures  of  this  kind*  Massage  may  be  tried  in  the  eiirly  stagey] 
but  it  should  not  be  too  vigorous,  and  care  should  be  taken  not  tol 
cause  excoriation  of  the  skin  by  the  treatment*  This  may  msnlt  W| 
cause  of  the  lowered  resistj^ince  of  the  atrophied  parts* 
denigned  to  im]>rove  the  general  he^dth  of  the  patient  should  be  € 
ployed,  as  in  mmi  atrophic  diseases  this  tends  at  times  to  be  affect 
As  some  dinfigiirution  of  the  face  results  from  the  waatiiig,  a  1 
rublier  plab^  or  i*ad  can  Ije  introduced  intn  the  mouth  and  attacMb 
the  patient's  npijer  teeth,  this  being  made  of  such  size  ancl  e<intottr 
as  to  fill  out  the  cheek  and  give  it  a  more  nearly  normal  appeana* 
(Sacljs). 

Hemilingual  Atrophy, 

Hemilingual  ati-opliy  or  liemiatrophy  of  the  tongue  is  a  wasting 
confined  to  tme-lialf  of  the  tongue.  As  an  isolated  affection  it  ifl  ^5*! 
rare.  It  is  nsually  ol>ser%'pd  in  connection  wiih.  chronic  degenerato^ 
diseases.  l)i".  C.  W.  Burr  has  recently'  reported  an  intereetinR  ci«* 
of  hemiatrojihy  of  the  tongue,  and  has  reviewea 
subject, 

ErioLOGi. 

The  disease  occurs  most  frequently  between 
age,  although  it  may  appear  at  any  period  of  lift 
ranked  among  the  most  fretpient  predisposing  can 


tion  umj  play  a  part.  It  lia^s  also  bc^eu  attributed  ti)  the  ef- 
fcctfl  of  lead  and  other  toxiti  agents.  The  goueral  etiology  of  lin- 
foal  hemiatrophy  is  indeed  prac*tically  the  Rumo  as  that  of  hemifacial 
alrophy,  with  the  exceptiuo  that  the  former  more  freiiueotly  develops 
during  mat  are  life.  WTien  an  isolated  affection,  it  in,  according  to 
Hirt,  usually  due  to  traumatism,  disease  of  the  vertebral  artery,  nev 
growths  in  the  oblongata,  or  embolic  Hoftening  in  the  region  of  the 
lypoglossal  nucleus. 

Pathoijogy  and  MoKBiD  Anatomy. 

When  hemilingual  atrophy  is  an  isolated  affection  the  lesion  is 
mogt  probably  situated  in  tlie  nerve  trunk,  although  this  does  not 


Flo,  4a.~H«mlltngi»l  Atrophy  in  &  Owe  of  Byringoanyelta. 


ily  follow.  Degeneration  in  rare  cages  attacks  only  the  hypo- 
gloBSal  nucleus,  and  it  is  conceivable  that  a  small  macroscopic  foc^l 
ledoQ  noay  be  limited  to  tlie  nucleus  or  root  filu-eH  of  this  nen^e.  A 
small  tumor  or  a  localized  meningitis  may  \ye  so  situated  as  to  involve 
the  hypoglossal,  spinal  accessory,  and  pneumogastrie  nerves  as  they 
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pass  from  the  brain  stoiii  in  close  proximity  to  eachotkjjOrt 
glossoiiharyogeal  and  other  adjiioent  nerves  mAx  be  implic&tel 
is  nevertheless  tnie  that  the  evidences  are  in  favor  of  tbeleaiotl 
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Fio,  W.—  HemllitiKual  Atrophy  In  a  Caae  of  DegenerotJoA  of  Various  Oervical  and  Hulimr  K« 

eitniited  within  the  * iblongata  when  varioua  other  nerve  distrib(iti< 

ai*e  affet-teil  cf>uji>iutly  with  tlie  hypo^jlossaL 

Th*^  li'sioiis  that  may  be  found  in  hemiatrophy  of  the  tongiKi 
6numerat*-d  liv  Burr,  are  chronic  nuclear  degeneration,  espedallj 
assfyciation  with  disease  of  the  spinal  cord;  cysts  and  softeuinK^ 
result  nf   hemorrliaKP,   embolism,  or  thrombosis;   a  tumor  arisi 
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witliin  the  postoblongata,  and  coiifined  to  one  side ;  an  exostosis  or  a 
tumor  growing  from  the  membranes  of  the  i)ons;  hydatids,  caries  or 
meningitis,  or  direct  injury  from  wounds.  It  is  frequently  associated 
with  tabes,  and  may  occur  in  the  spinal  type  of  general  paralysis,  in 
syringomyelia,  andin  disseminated  sclerosis,  and  may  be  a  part  of 
the  syndrome  of  bulbar  paralysis.  In  Figs.  49  and  50,  two  examples 
of  Ungual  hemiatrophy  are  shown,  the  first  in  a  case  of  syringomye- 
lia, and  the  second  in  the  case  of  a  man  who  presented  symptoms 
indicating  degeneration  of  various  cervical  and  bulbar  nuclei.  When 
associated  with  the  chronic  degenerative  diseases,  the  lesion  is  prob- 
ably primarily  one  aflfecting  the  ganglion  cells  of  the  nucleus  of  origin 
of  the  nerve.  In  not  a  few  cases  it  is  probable  that  an  acute  apoplec- 
tiform attack  due  to  embolism,  thrombosis,  or  hemorrhage  is  the 
startiiig-x)oint  of  the  aflfection. 

Symptoms. 

In  hemilingual  atrophy  one  side  of  the  tongue  appears  consider- 
ably smaller  than  the  other,  the  amount  of  diminution  depending  of 
course  upon  the  extent  and  stage  of  the  disease.  The  tongue  has  a 
tendency  to  go  to  one  side  on  protrusion,  the  side  to  which  it  turns 
being  that  affected  by  atrophy,  because  of  the  action  of  the  muscles 
of  the  opposite  side,  this  action  being  of  a  pushing  and  protruding 
character.  Fibrillary  twitchings  are  sometimes,  but  not  invariably, 
present  in  the  atrophied  muscles ;  similar  contractions  may  be  pres- 
ent nx>on  the  unaffected  side.  Speech,  swallowing,  and  mastication 
may  be  affected  through  implication  of  either  the  nerves  or  the 
muscles. 

Bilateral  atrophy  of  the  tongue  is  occasionally  observed,  particu- 
larly in  connection  with  progressive  muscular  atrophy  and  progres- 
sive bulbar  i)aralysi8,  and  more  rarely  in  tabes. 

In  a  case  seen  by  Dr.  Rugh  and  the  writer,  the  patient,  a  woman 
twenty-two  years  old,  was  first  seized  with  a  severe  pain  in  the  right 
scapula.  The  attack  of  i)ain,  which  was  pronounced  to  be  rheu- 
matic, lasted  three  weeks.  She  soon  noticed  that  the  scapula  was 
becoming  prominent,  and  later  began  to  suffer  from  weakness  in  her 
right  arm.  Close  examination  showed  atrophy  of  the  rhomboid,  the 
snpraspinatus,  infraspinatus,  and  deltoid  muscles  on  the  right  side, 
and  the  same  on  the  left,  but  to  a  less  degree.  The  muscles  of  the 
left  half  of  the  face  were  also  distinctly  atrophied,  the  mouth  and 
nose  being  somewhat  drawn  to  the  right.  The  general  bulk  of  the 
tongue  was  diminished,  its  right  half  being  relatively  much  more 
atrophied  than  the  left.     Voluntary  movements  of  the  tongue  were 
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weakened,  and  flbrillarv  tremors  were  present*     Involvement 
ocular  muscles  was  evidently  beginning  to  take  place.     In  lo 
both  outwardtj  and  inwards  the  excursion  of  the  left  eye  was  Id 
plete;  and  in  looking  upwards  it  had  a  tendency  to  wander  cot 
Some  restriction  of  movement  inward  was  also  obflervable  in  the  i 
eye.     It  is  probable  that  the  impairment  was  of  conjugate 
movement  to  the  left.     The  pupils  responded  to  light  and  i 
dation.     Touch,  pain,  and  thermal  sensee  were  all  preserved* 
of  the  body  other  than  those  above  alluded  to  did  not  seem  to  be  i 
volved  in  the  atrophy. 


I 


Diagnosis,  Prognosis,  and  Treatment. 

The  diagnosis  can,  as  a  rule,  be  readily  made  by  a  careful  eiaii 
nation  of  the  organ.     Hemi glossitis  is  one  of  the  affections 
which  it  must  be  differentiated,  but  the  symi>toms  of  this  < 
are  of  an  active  character,  and  are  readily  rec4>gnized.     The  ton 
like  any  other  portion  of  the  body,  may  be  congeni tally  smaller  up 
one  side  than  the  other,  but  this  is  inf retjuent,  and  would  not  be  i 
conipanied  by  the  symptoms  which  indicate  loss  of  powei"  in 
tongue.     Hemihypertrophy  of  the  tongue  is  exceetlingly  rare,  hutil 
presence  might  at  first  lead  to  the  idea  that  the  unaffected  side  erf  I 
tongue  wfis  atrophied. 

The  diagnosis  of  the  pathological  nature  of  the  affection  and  t 
foeal  diagnosis  are  aometimes  important.     Fibrillary  twitching  iu i 
favnr  of  nuclear  disease,  but  is  not  absolutely  pathognomonic,  i 
twitching  has  been  recorded  as  pi'esent  in  peripheral  disease. 
well-kniiwu  facts  regarding  secondary  twitching  and  contractures  I 
late  Hvinptonis  in  aucured  or  partially  cured  cases  of  facial  paralj 
due  to  perit>heral  neuritis,  indicate  that  in  some  cases  of 
atrophy:,  even   though  twitchings  and  contractures  are  present, 
disease  may  have  been  of  peripheral  origin.     Perhajis  the  likti 
tion  might  be  made  in  these  canes  from  true  fibrillary  twitchings  If  ] 
the  larger  and  coarser  character  of  those  which  are  the  secondary  i«*  j 
suits  of  a  peripheral  neuritis. 

The  localization  of  the  lesion  causing  the  lingual  hemiatrophr,  m  | 
well  as  the  diagnosis  of  its  nature,  may  be  largely  assi^^^^^  ^'^  *  **^' 
of  the  accompanying  Hyraptoms.  When  hemiplegia  < 
bndy  ojjjjosite  to  the  ati'ophied  half  of  the  tongue  is  pi 
is  prnbalily  gross,  and  of  such  size  and  character  as  U 
rarai<hd  (r.-icts  before  their  decussation.  Sensory  and 
are  likol\  tn  be  present  in  such  c^ases  because  of  the 
the  important  tracts  and  centres  which  are  associa 
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[tbe  neuraxis.     When  scattered  but  considerable  portions  of  the 
culature  of  the  Ixuly  are  affected  conjointly  with  atrophy  of  the 
le,  the  lesion  is  j>robably  one  of  the  evidences  of  a  disseminated 
r  diffused  degeneration.     Nuclear  ophthalmoplegia  of  a  more  or  less 
aplete  i\  pe  may  to  piBsent  in  such  cases. 

'  progmms  is  almost  uniformly  unfavorable. 
The  little  freatment  available  is  in  the  main  the  same  as  that  used 
•  hemifacial  atrophy.     Electrical  treatment  has  been  recommended 
L  the  xjeripheral  forms  of  the  disease. 

Hemifacial  Hypertrophy. 

Unilateral  hypertrophy  of  the  face,  or  facial  hemi-hyperti*ophy, 
i  a  rare  trophic  disease,  characterized  by  eidargement  of  the  tissued 
:  one  side  of  the  face,  in  its  most  complete  form  involviiig  skin, 
abcutaneous  tissue,  bone,  and  other  structureB.  The  litf^rature  of 
subject  is  scanty,  one  of  the  most  interesting  cases  l)eing  that  of 
[Montgomery. 

Etiology  and  Pathogenesis. 

Most  of  the  reported  cases  of  facial  hemihypertroivhy  have  been 
of  congenital  origin,  and  were  associated  with  other  al>errations  of 
development.  In  a  case  recorded  by  Dana,  unilateral  hypertrophy 
of  the  face  was  one  of  the  features  of  gigantism.  In  the  case  reported 
by  Montgomery  the  development  of  the  fiiiectiou  was  preceded  by 
abBcess  of  the  cheek,  this  coming  on  shortly  before  the  fir^t  evidences 
trf  hjpertroph3\  In  acquired  cases  it  seems  to  be  pretty  well  estal> 
liahed  that  irritation  of  the  fifth  nerve,  either  at  its  origin  or  in  its 
course,  may  play  some  part.  In  several  instances  it  has  develoi>ed 
karng  or  after  the  course  of  inveterate  trigeminal  neuralgia.  It  is 
not  improbable  that  in  some  cases  of  facial  hemihypertrophy  irrita- 
tive lesions  implicating  the  substantia  ferriiginea  and  descending  root 
of  the  fifth  nerve,  or  other  peripheral  f>r  central  portions  of  the  tri- 
geminal apparatus,  may  be  the  active  pathological  causes  of  the  tissue 
overgrowth.  It  has  been  suggested  that  the  affection  may  be  of  vas- 
cular origin,  due  to  a  chronic  or  recurrent  hypera?mia,  but  it  is  more 
''•^biihle  that  tlie  abnormal  vascular  states  are  secondary  to  the  ab- 
•mal  conditions  of  the  nervous  centimes  and  tracts.  Post-mortem 
>*e6tigation8  have  not  as  yet  yielded  anything  of  value  bearing  upon 
Uie  nature  of  the  dise.ase. 

In  Montgomery's  case  a  piece  of  skin  from  the  malar  region  and 
Another  from  the  chin  were  removed,  and  were  examined  mieroscopic- 
tlly.     The  sections  were  found  to  be  extremely  brittle,  easilv  break- 
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iti^  along  the  sebaceouB  glatidB.  The  skin  in  the  vicinitj  of 
glands  was  lacking  in  resistance,  as  shown  on  introducing  sutttrew 
int*:>  the  fac^.  After  operation  all  of  the  siiecimens  removtHl  showed 
eousidonible  roiuidH^eU  iutiltration  along  the  course  of  tlie  blood* 
vessels.  Little  tiimor-Uke  elevations  of  the  skin  were  fnuml  to  be 
eomjMised  of  masses  of  coDcentrieally  arranged  epithell  ' 
had  uudergoue  hyaline  degeneration,  Mtmtgoiuerv  (•< 
the  hypertrophy  of  the  soft  parts  was  to  be  referred  to  an  increaae  in 
the  size  of  the  hairs  and  of  the  sehaoeons  glaudH,  also  to  plugging  of 
the  sebaoeons  glands,  and  probably  also  to  au  increase  of  the  ocm- 
nective  tissue  and  fat.  The  sebaceous  glands  were  enonnoiialjr  in- 
ereaeedt  especially  in  the  cheeks. 

SYMTTOMa 

In  Montgomery's  ease  ^  the  lUsease  was  first  noticed  at  the  agtt  of 
ten  years.  It  began  in  the  gums  and  was  almost  exactly  confioed  lo 
tbe  left  of  the  median  Hue,  although  the  upper  lip  and  gum  of  the 
right  side  were  sliglitly  encroached  upon.  The  limitations  of  the 
hy|>ertrophy  were  almost  exactly  those  of  the  distribution  of  the  fifth 
nerve.  The  deformity  was  i Deluded  in  an  "irn^gular  quadrilaleml 
figure,  bomuletl  by  a  line  starting  on  tlie  top  of  the  IicjmI  at  the  imto- 
rior  extremity  of  the  sagittal  suture,  running  down  the  nose  la  ibe 
lower  border  of  the  chin ;  then  from  the  (*lnn  upwards  and  Imc^kwanln, 
along  the  lower  l>nrder  of  the  inferior  maxillary  to  the  tip  of  the  left 
mastt^id  process,  and  theuce  upwards  to  the  point  of  commeaoanMBl^ 
the  anterior  extremity  of  the  sagitt^il  suture." 

The  most  marked  enlargement  and  deformity  may  be  akown  ia 
particular  portions  of  the  head  and  face,  as  in  the  supraorbitaU  malar, 
and  mental  regions.  In  Montgomery  s  case  both  soft  liaeaefi  and 
lK)ne8  were  afftvt^-d  by  the  almnrmal  process,  but  in  the  caae  of  I>atia_ 
the  soft  tissues  eeca])ed.  It  will  l)e  remembered  that  in  Dana^a 
the  facial  hypertrophy  was  a  part  of  a  general  process. 

The  face  sometimes  has  a  swarthy  or  saddle-leatber  look, 
mouths  of  the  sebaceous  follicles  are  enlarged,  the  hair  is  eoane^ 
the  lanugo  or  down  no  the  nose  and  ear  may  become  as  large  and  i 
as  ordinary  hair.     Enlargement  of  the  ear  waa  present  in 
ery'a  easei  and  was  caused  by  hypertrophy  of  the  cartilage*     The 
oomedooea  are  unusually  numerous.     Bony  enlaiKeaM&te  above 
about  the  orbit  give  the  forehead  and  eye  an  extremaly 

*  Tb«  ti^M  and  tymptomi  of  thU  AffectloQ.  «l  lawt  when  tt  to  sequfied.  eanooi 
bt  btlter  glveo  than  by  ao  eDumeratfoD  of  the  aalieat  poiaU  of  Mootgoniery'i  da- 
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appearance.  The  orbit  and  eye  may  present  a  beetling,  cavernous 
look. 

The  gums  and  alveolar  processes  may  show  an  overgrowth.  In 
several  of  the  reported  cases  the  alveolar  processes  were  enlarged. 
The  facial  expression  is  changed,  but  paralysis  of  the  facial  muscles 
is  not  present,  the  patient  usually  having  full  control  over  willed 
movements  of  the  face. 

In  Dana*s  case  of  gigantism  and  acromegaly,  tlie  left  side  of  the 
lace  showed  remarkable  osseous  hypertrophy,  involving  the  frontal 
bone  and  the  upper  and  lower  jaws,  C()rresi)onding  closely  with  the 
distribution  of  the  left  trigeminal  nerve.  The  enlargement  gave  a 
curious  twisted  and  asymmetrical  look  to  the  face.  In  this  case,  as 
in  others,  the  appearance  of  the  face  at  first  gave  the  impression  of 
atrophy  of  the  comparatively  normal  side. 

hi  Montgomery's  case  the  tongue  was  not  hypertrophied,  and  the 
vessels  were  normal,  but  in  several  cases  recorded  by  others  the  ves- 
sels were  unilaterally  hj'pertrophied. 

Increased  flow  of  saliva  has  been  noted,  and  increase  of  perspira- 
tion on  the  side  affected,  especially  in  congenital  cases. 

General  sensibility  and  the  special  senses  are  not  usually  affected, 
although  in  a  case  recorded  by  Friedreich  sight  and  taste  were  both 
diminished. 

The  field  of  vision  may  be  blurred  by  the  faulty  removal  of  the 
lacrymal  secretion,  faulty  because  of  the  deformed  upper  lid.  In 
Montogmery's  case  the  discs  were  excavated  on  the  left  or  affected 
side  more  than  on  the  right,  but  optic  neuritis  was  not  present,  and 
there  were  no  signs  of  intracranial  pressure. 

DuGNOsis,  Prognosis,  and  Treatment. 

The  diagnosis  must,  in  the  first  place,  be  made  from  hemifacial 
atrophy,  for,  as  already  stated,  in  some  of  the  cases  the  appearances 
give  rise  at  first  to  the  impression  that  the  other  side  of  the  face  is 
wasted.  Close  inspection  of  the  different  tissues  and  structures  of 
the  face,  and  of  ocular,  facial,  and  mandibular  movements  will  soon 
dear  up  this  point.  It  is  possible,  but  not  probable,  that  some  acute 
inflammatory  affection  of  the  face,  jaw,  or  skull  might  need  to  be 
differentiated;  but  an  inflammation  of  the  gums  or  cheek,  an  abscess, 
chronic  periostitis  from  syphilis  and  similar  affections,  could  be 
readily  excluded  on  careful  examination.  As  the  cases  are  usually 
congenital,  and  the  result  of  arrested,  aberrant  or  al)uormal  de- 
velopment, the  i)rognosis  is  of  course  unfavorable.  Even  in  the  ac- 
quired cases,  so  far  as  the  meagre  records  go,  little  can  l)e  hoped  for 
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m  the  way  of  improvement  or  cure.     The  course  of  the 
usually  a  slowly  progreasive  one.     In  rare  instances  compreafiio 
the  brain  or  of  important  nerve  struchires  may  result  from  the  i 
mentation  ot  tlie  OH^eous  and  other  tis^u^.     In  the  recorded  i 
no  treatment  has  proved  of  avail. 

Hypertrophy  of  One-Half  of  the  Body, 

Occasionally  cases  are  observed  ia  which,  at  birth,  one-half  cf| 
body  or  one  limb  is  much  larger  than  the  other,  and  as  a  mte  I 
propoi^tioDate  difference  in  size  lietweeu  the  tw^o  sides  of  the  bodj 
preeer%'ed  as  the  child  continues  to  grow*  Mubius  has  repor 
remarkable  case  of  this  kind,  in  which  the  right  lower  extremitjr  y 
of  enormous  size  as  compared  with  the  left,  and  the  whole  right  1 
of  the  body  was  hypertrophied.  In  most  eases  of  this  kind  the  i 
and  sulK'utaneous  tissues  are  the  seat  of  greatest  change.  The  bon 
are  implicated  in  a  fair  percentage  of  ciises,  but  the  muscles  onlti 
rare  instances.  While  the  local  hypertrophy  is  generaUy  confined | 
one  side  of  the  body,  this  is  not  always  the  case;  it  may  be  pn 
in  Heveral  areas  on  both  sides,  and  Friedreich  has  rejxirted  on©  < 
in  which  the  right  lower  extremity  aud  the  left  face  and  left  arm  i 
hypertrophied.  The  pathogeDesis  of  these  euriouB  cases  of 
hyfiortrophy  has  not  ^'et  l}eon  clearly  determined.  The  few 
which  are  known  with  regard  t<:>  facial  atrophies  and  hypertn>j>li 
suggest  the  view  that  in  some,  if  not  in  most  of  the  cases,  neuril  i 
tatirm  and  degeneration  play  the  most  important  role. 

Localized  Atrophies   and  Hypertrophies. 

A  considerable  number  of  localized  atrophies  and  hypertroph 
that  is,  of  atntphies  and  hypertrophies  limited  to  special  portioi»< 
the  body,  liave  been  described.  Sometimes  these  cases  are  con 
tal,  sometimes  they  are  apparently  of  infectious  or  traumatic  ori^n. 
They  inckule  cases  of  linear  atrophy,  atrophy  or  hypertrophy  of  ti» 
fingers  or  toes,  hypertrophy  of  one  or  more  exti'emitie^s,  and  oth«f 
flpecial  varieties  of  almormal  increase  or  decrease  of  the  l>odj  tisBOeB* 
Sir  Dyce  Duckworth  has  recorded  a  case  in  which  the  patieBt^  tli» 
moDths  after  recciveriiig  innn  a  severe  attack  of  ente*"'*  ^'^ 
plained  of  extreme  sensitiveness  over  the  region  of 
over  tlie  ma!ler>li,  and  examination  of  the  parts  revealt 
tudiiial  Kpi^tH  of  linear  atroiihy  and  hyiienesthesia.  ^ 
uthor  indicates,  points  to  the  fact  that  both  ti'op 
riniclies  of  the  nerves  were  aflFected  by  the  spec^ 
iever,  neuiitis  witli  neural  atrophy  probably  havi 
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cases  of  localized  linear  atrophy  have  been  recorded  as  occur- 
;  after  infectioiis  fevers. 


Hyperostosis  of  the  Cranium. 

HyperoBtosis  of  the  cranium  (hifperosimiH  cranii)  in  a  disease,  osu- 
'  of  trophic  developoientid  origin,  in  which  the  Ixines  of  the  cranium 
hypertrophiedj  the  enlargemt^nt  extending  over  a  large  portion  of 
kfiknll  or  teing  confined  to  limited  area^s. 

Among  the  temm  which  have  l>een  iiHed  to  descril>e  hyperoBtosis 
!  the  cranium  or  couditiouB  closely  aUied  to  it,  are  leontiasis  ossea 
fiithow),  and  megaltx'ephalie  (Starr).     By  some  writers  it  has  been 
Jed  aa  identical  with  the  osteitis  deformans  of  Paget,  but  it  is 
ionable  whetlier  the    cases  properly  classed  as  hy|>ero8to8is 
belong  in  the  same  category  with  Paget*8  osteitis  deformans,  a 
which  manifests  iiself  chiefly  in  the  long  Ixines,  and  comes 
ly  after  middle  life,     Virchow  suggested  the  name  leontiasis 
because  it  seemed  to  him  that  the  osseous  hypertropliy  was 
3US  in  nature  to  elephantiasis,  which  affects  the  skin  and  soft 

HlSTOEI  A^D  LrrERATURE. 

By  far  the  most  valuable  contribution  to  the  subject  of  hyperosto- 
of  the  cranium  is  an  article  by  J.  J.  Putnam,  of  Boston,  who  has 
aotouly  recorded  oVjservatious  on  five  personal  cases  with  an  addi- 
tional case  of  Morton  Prince,  but  has  carefully  reviewed  the  literature 
Uihi  theories  of  the  disease. 

Prior  to  1892  only  one  paper  of  importance  on  tlie  subject  of 
fcpertjstoeis  cranii  seems  to  have  l^een  published,  and  that  was  by 
Vircliow,  Bauragarten,  in  1892,  aual\zed  the  clinical  history  of  such 
«iBe8  as  he  could  discover  in  medical  literature,  and  descril>ed  thir- 
fcen  famous  skulls  showing  hyperostosis,  found  in  the  museums  of 
E&fope.  Le  Dentu,  in  1879,  descrited  hyperostosis  chiefly  as  it 
wcum  in  disease  of  the  jaws,  Piituam  gives  a  brief  bibli*>grai>hy 
of  the  subject  at  the  end  of  his  article,  and  refei-s  in  the  body  of  it  to 
towal  American  contributions.  Besides  the  papers  of  Yirchow  and 
fianmgarten,  one  of  the  most  iraportjiut  is  by  Poisson,  wlio  suggested 
flifi  theory  of  trophoneurosis  to  ext>lain  the  dinease.  He  described 
specimens,  and  analyzed  or  summarized  about  thirteen  clinical 
^^hservatiouH,  but  some  of  the  cases  refenvd  to  by  him  certahd\'  did 
^ot  belong  properly  to  the  disease  under  consideration.  IL  Allen 
,  in  1894,  published  an  ac^count  of  a  case  for  which  he  suggested 
ie  name  megalocephalie.  Edes,  in  189^  ( in  the  same  number  of  the 
Vol,   XI.  "33 
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Afnei*icau  Journal  of  the  Meiikrd  Sctencfs  in  which  Putmun's  i 
appeal's),  reconls  a  ease  with  two  illusti^ations.     Hiiifldale, ia  1 
published  the  description  of  a  skull  showing  hyperostofliaof  ttei 
niuiu,  the  specimen  being  in  the  Mutter  Mnseum  of  the  I 
Physicians  of  Pliiladelphia,  to  which  it  was  presented  bv  DiJ 
Herwisch.     Diller,  of  Pittsbui'g,  has  also  recently  recorded  ic 

Etiology  4jnd  Pathogenesis. 

A  few  facta  i*egarding  the  general  etiology  of  this  diseiwj 
known.     It  usually  originates  in  early  life;  of  fourteen cJweeV^i^ 
reference  is  made  by  Putnam,  in  seveii  it  was  initiated  under  the  a 
of  seven  yeara.     Of  those  over  the  a  eof  seven^  inonetlieagei 
between  twentj'  and  thirty,  and  the  oi  er  six  were  over  thirty, 
disease  does  not  often  begin  after  nil  Idle  life,  and  iU  h i)icaH«i 
undoubtedly  l:>egin3  in  youth.     It  in  of  more  frequent  occumowi 
females. 

The  disease  nas  been  attributed  to  injur j  of  the  head  in  as 
nunilier  of  cases,  but  the  real  influence  of  h'aumatism  may  be  i 
as  doul>tful  since  injuries  are  of  fre^  [uent  occurrence,  and  the  \ 
is  to  attriljute  all  forms  of  actjuired  local  deformities  to  tran 

With  regard  to  the  pathogenesis  <tf  hyperostosis  cranii,  thei 
of  opinion  seems  to  Im  in  favor  of  its  trophic  or  developmental  ( 
In  its  typit^al  forms  it  can  probabl\'  lie  regarded  as  a  true  troph 
rosis.  Tircliow,  however,  held  that  localized  osteophytes  aodf 
eral  hy|)ertTophies  of  the  bone,  such  as  occmr  in  hy peroetoeis  c 
were  due  to  load  pr<^>ce6Bes  of  irritation  or  inflanimatioD--& ' 
which  has  been  uplield  by  others,  and  which  is  probably  correct  i^ 
some  cases  of  lion^'  enlargement,  but  not  for  those  which  are  usu 
classed  an  hyperostosis  cranii.  Even  Tirchow  regarded  heredity  as i 
proliable  predisposing  influence,  and  also  believed  that  the  diseiW 
was  more  Hkely  to  occur  at  certain  developmental  periods. 

Starr  regarded  tlie  disease  as  of  trophic  origin  like  acrome^f 
and  iu  support  of  this  view  called  attention  to  the  associated  thicto- 
iugs  and  enlargements  iu  the  neck^  skin,  and  in  the  features.  Patm* 
jdso  n^fers  to  the  fact  that  in  some  of  the  cases  changes  had  bh* 
place  in  the  neck  and  in  other  parts  of  the  body  of  a  character  whioi 
indicated  tliat  some  general  condition  was  at  the 
disease. 

Wliile  man\'  facts  and  analogies'would  seem  to  e 
theory,  most  of  the  path^Jugiual  observations  whi. 
in  special  cases  seem  to  ha  opi^osed  to  it.     With  l 
Putnam  speaks  as  follows: 


HYPEROSTOSIS  OF  THE  CRANTtnC- 


409 


iBst  tlie  tropliic  theory  is  tlie  fact,  wbicrli  for  the  present 
ant  for  the  essential  one,  that  the  pathological  change  hitherto 
1  seems  to  be  au  iiiflamma<4>rv  one,  iii%'oIvirig  tlie  periosteum, 
3,  the  ilnra  mater,  in  varying  decrees,  and  usual Iv  leading  to 
itioii  of  the  dipioe.     Sometimes  the  diploe  is  rarefied,  to 


r, 
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;  hot  oftener  it  is  changed  to  au  ivory-like  tissue,  such  as  is 
lally  seen  in  syphilitic  skulls*  lu  acroniegaly,  ou  the  cou- 
iie  changes  are,  on  the  whole,  rather  of  the  nature  of  hyper- 
and  signs  of  periostitis  are»  to  say  the  least,  not  i>rominerit." 


Symptoms. 

hyperostosis  may  predominate  in  one  of  at  least  three  plao6B| 

the  cranial  vault,  the  bones  of  the  upper  face,  or  the  lower  jaw, 

•ecorded  cases  the  disease  has  l>e6n  mauifeated  most  markedly 

[uently  in  the  upi>er  face.     The  appearance  of  the  head  and  of 
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the  features  clianges  to  a  remarkable  degree,  as   tlie  diseiao] 

gresseSj  aucl  as  is  strikingly  seen  in  some  of  the  photographic  i 
tions  of  the  diaease  at  different  stages. 

Among  the  symptoms  or  affections  which  have  been  oh 
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ocoiirriDg  at  any  period  in  the  history  of  hyi>erosto6is  cranii*  aw  epi* 
lepsy,  erysipelas,  su|>jmration  of  the  ear,  and  Kuppuradoa  d  ^ 
tear  duct. 

Among  symptoms  directly  attributable  to  the  pathological  pro«^ 
are  iiaiu  in  the  hea<l,  winch  may  be  either  localized  or  diffused,  j^ii 
in  the  limbs,  exox>hthalmos,  mentid  irritability,  drowsiness,  las  d 
hearing,  kiste,  or  smell,  aDd  optic  neuritis  with  secondary  atropl!- 
Itisecurity  in  walking  and  awkwardness  in  the  use  of  the  liaBls  h^ 
also  been  noted,  and  are  directly  or  indirectly  to  be  referred  to  u» 
disease.  The  headache,  or  head  painn,  have  been  found  b  ti*^^ 
half  the  cases  which  have  l)een  recorded,  and  these  jiainsas*^ 
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have  appeared  to  be  osteoscopic,  that  is,  due  to  the  irritative  process 
going  on  in  the  bone  itself,  and  not  to  pressure.  Optic  neuritis  was 
observed  in  one  of  Putnam's  cases  and  in  the  case  recorded  by  Edes, 
while  atrophy  of  the  optic  nerves  was  present  in  Prince's  case,  and 
was  probably  consecutive  to  a  neuritis  which  had  been  present  before 
the  case  came  under  the  observation  of  Prince.  Loss  of  teeth  has 
been  observed  in  several  cases.     The  hair  sometimes  becomes  coarser. 

Diagnosis,  Prognosis,  and  Treatment. 

In  the  early  stages  of  hyperostosis  cranii  it  is  i)o«sible  that  the 
pain,  nsnally  more  or  less  localized,  might  lead  to  the  supposition 
that  a  neuritis  or  ordinary  x>6riostitis  was  present.     As  the  disease 
advances,  the  only  affection  with  which  it  is  likely  to  be  confounded 
is  intracranial  tumor,  and  indeed  the  conditions  which  are  x>resent 
within  the  skull  are  similar  to  those  which  we  have  in  brain  tumor; 
in  other  words,  when  circumscribed  enlargements  of  the  bones  are 
present  on  the  outside  of  the  skidl,  eudostoaes  may  be  i)resent  on  its 
inner  a8i)ect,  and  Virchow  long  ago  suggested  what  is  now  well  known 
to  be  the  fact,  that  such  internal  osseous  thickenings  are  likely  to 
occur  at  points  within  the  cranium  correlated  to  cranial  exostoses. 
The  fact  that  papillitis  and  atrophy  have  Ix^on  observed  in  a  few 
cases  also  makes  the  diagnosis   from  brain  tumor  of  more  impor- 
tance.   Tlie  diagnosis  is  of  course  to  be  made  by  a  study  of  the  j^rog- 
ress  of  the  case,  and  esi)ecially  of  the  data  which  indicate  that  the 
bones  of  the  jaws,  face,  or  cranial  vault  have  gradually  hyi)ertropliied. 
^Tiile  pain  in  the  head  is  of  frocjueDt  occurrence,  it  is  usually  not  of 
the  agonizing  character  observed  in  cases  of  brain  tumor.     The  local 
pandyses  and  spasms  and  the  affoction  of  the  special  souses  duo  to 
local  intracranial  processes  are  not  i)reseut. 

The  progress  of  the  disejise  is  slow.  As  stated  it  usually  l)egins 
in  youth,  and  the  j)atient  may  live  until  middle  aj^o  or  beyond  it. 
The  i)rognoHis  is  unfcivorable,  although  in  some  of  the  cases  the  dis- 
ease has  remained  stationary  foi*  a  considerable  period.  No  treat- 
ment in  recorded  cases  has  proved  of  avail.  Putnam  has  suggested 
trephining  when  the  symptoms  of  intracranial  pressure  and  irritiition 
are  severe  and  the  external  affection  is  somewhat  circumscribed. 
Owing  to  the  thickness  of  the  skull,  however,  such  an  o])eration  would 
be  tedious  and  diflBcult.  It  might  be  worth  wliilo  to  try  the  oi)erati(m 
simply  for  the  purpose  of  relieving  pain  and  retarding  the  progress 
of  the  disease.  Putnam  has  also  suggested  that  the  ])rocPss  of  osse- 
oufl  hypertrophy  might  be  retarded  by  cutting  off  the  blood  su])])ly 
of  the  bone.     In  one  of  Putnam's  cases  tlio  throbbing  in  the  li(\i<l. 
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CQDgestioii  of  the  face  and  sweating,  which  ilistressjed  fhe  pfttienti 
relieved  bj  preHSure  minle  by  a  light  steel  8i>riiig  aud  pad  wliidl^ 
8o  applied  as  to  compress  one  of  the  carotid  arteries,  and  tlie  i 
tion  of  Hj^atiuK  the  carotid  or  oue  or  more  of  the  meningeal  i 
la  worthy  of  cousideration*     Thyroid  treatinent  might  be  tried. 


RAYNAUB'S  DISEASE. 
Syhonims,  Definition,  and  Xltteratitbe. 

Raynaud's  disease  is  a  vasomotor  and  troi»hic  affection, 
mal  in  its  most  marked  manifestationH,  usually  bilateral  aud  Sfi 
metrical,  and  characterized  by  such  jihenomeua  iia  pallor,  ci»l< 
numbneas,  pains,  anfesthesia,  and  gangrene,  attacking  by  pref< 
the  fingers  and  hands,  although  the  t^r>es  and  feet,  and  even  tli€ 
nose,  and  other  parts  may  be  affected. 

In  1802  Maurice  Raynaud  carefully  described  the  affection,  v] 
in  its  most  complete  type  is  characterized  by  local  gangrened 
parts  affected.  Fretjuently  tlie  disease  presents  itself  in 
stages,  to  which  special  names  hare  l»een  ajiplied,  and  hence,  altln 
it  has  numerous  synonyms,  none  of  these  is  fully  ajiplicable  to 
phases  of  the  affection.  In  one  stage  of  the  disease  the  chief 
tations  are  those  of  Itxril  syncxtptif  and  the  affection,  so  far  as  ol 
tion  extends,  may  not  pass  l^e^'ond  this  condition,  ^*'hich  is  dm^»cte^ 
ized  by  extreme  coldness  with  a  shrintage  or  contraction  of  the  Usamk 
In  other  cases  h>eal  osphffjrki  is  primarily  deYeloi>ed,  the  parts  In- 
coming swollen,  turgid,  and  livid,  showing  extreme  stagnation  of  tb 
entire  caidllary  eireidation.  The  dise^Lse  in  some  instances  m&j  mI 
pass  l^eyond  tliis  stiige.  When  local  asphyxia  is  present  only  in  the 
extremities,  the  affection  is  sometimes  designated  acroasphyrin^  mi 
at  other  tinwH  i\s  (h'ful  Jiagers  oi  dead  to<'s  (diififi  mortnt),  Tlie  W 
stage  of  the  disease  is  usually  that  of  lotYd  (jaitgriue^  the  affection 
then  being  known  by  various  names,  such  as  symmetrical  gmigrtntif 
the  exitrjuitkr'?,  laad  gaiiijrt'ite  of  nermns  origin,  spbacfliydenna^  f^ 
grene  of  fhe  skutf  and  itef(ropa(/tui  gangrene.  Tlie  disease  naaiflf 
shows  itself  in  the  extremities  as  asymmetrical  affection*  LirtW  J 
instances  the  nose  is  affected.  Two  of  the  stages  or  '  **  ^^^^ — 
disease  may  appear  in  the  same  subject  and  even  in  n 
some  parts,  for  example,  appeariogas  cold  and  cyam 
are  swollen,  red,  and  hot. 

In  Volume  V.  oi  the  present  work,  Leloir,  in  an  a 
mutoneuroses,"  has  ilesmbed  this  disease  at  some  1* 
of  the  ueurologiciil  featort^s  of  the  affection  are  not 
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For  a  full  description  of  some  of  the  most  important  phenomena  of 
the  disease  at  different  stages,  the  article  of  Leloir  should  be  con- 
sulted, as  they  will  not  be  here  repeated  in  detail. 

The  literature  of  the  subject  of  Raynaud's  disease  is  now  very 
large.  Among  early  publications  of  importance  on  this  and  allied 
subjects,  after  the  papers  of  Baynaud,  were  those  of  Billi*oth,  Weir 
Mitchell,  Allan  McLane  Hamilton,  J.  C.  Warren,  Weiss,  B.  Lauer, 
Schulz,  and  Lutz.  These  and  other  writers  are  referred  to  by  M.  Allen 
Starr  in  Pepper's  "American  System  of  Medicine,"  1886,  and  since 
this  date  the  literature  of  the  subject  has  very  rapidly  expanded. 
The  i^Titer  in  1878  reported  an  interesting  case  of  Baynaud's  disease 
in  the  Ameincan  Jourtial  of  the  Medical  Sciences.  Among  important 
articles  of  comparatively  recent  date  are  those  of  Wiglesworth, 
AflSeck,  Collier,  Collins,  Henry,  and  Osier. 

Etiology. 

The  disease  occurs  more  freciuently  in  tlie  female  than  in  the  male 
sex,  in  the  proportion,  perhaps,  of  two  or  three  cases  to  one.  It  is 
rare  beyond  the  age  of  fifty,  and  most  frequently  appears  between  the 
ages  of  twenty  and  fifty,  although  typical  cases  have  been  observed 
in  children.  Exhausting  diseases  and  any  causes  or  conditions  which 
lead  to  imi)overisliment  of  blood  and  weakened  nerve  power  may  pre- 
di8X)Ose  to  the  affection,  which  has  been  observed  in  the  anaemic,  neu- 
rasthenic, hysterical,  and  those  suffering  from  such  constitutional 
affections  as  syphilis,  tuberculosis,  and  cancer.  Occupation  may  be 
a  prediMiH>sing  factor.  In  some  instances  it  is  an  exciting  cause,  as 
when  the  disease  occurs  among  laundresses  or  washerwomen  whose 
duties  re^iuire  them  to  have  their  hands  for  a  long  time  in  water  or  other 
li<iuids  of  different  temperatures.  A  few  cases  have  been  attributed 
to  iujury.  Some  cases  have  been  ascribed  to  blows  or  falls  so  received 
as  probably  to  affect  the  solar  plexus  or  si)ecial  ganglia  of  the  sys- 
tem of  gangliated  nerves,  but  these  cases  seem  to  be  of  doubtful  au- 
thenticity. Some  authors,  and  among  them  Baynaud,  have  attributed 
considerable  influence  in  the  production  of  the  disease  to  disorders  of 
menstruation,  but  the  majority  of  writers  seem  to  doubt  the  impor- 
tance of  the  part  played  by  this  process.  Among  exciting  causes 
fright  and  emotional  disturbances  of  various  kinds  should  be  given  an 
imx)ortant  place,  and  si^ecial  occupations  and  local  exposures  to  heat 
and  cold  may  have  some  influence.  The  disease  has  also  been  ob- 
served among  alcoholics  and  among  ])atients  who  are  habituated  to 
the  use  of  opium  and  other  narcotics.  It  is  l)elieved  by  some  to  be 
most  frequently  due  to  toxic  causes.     It  follows  or  is  associated  with 
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infectious  diseases  in  same  inHtaiices.     It  may  be  a  coticoiiiili 
complication  of  other  organic  tlitioaaas,  particularly  tho^of  ac 
and  degenerative  cbanieter,  aiicli  as  tabes,  syringomyelia, 
and  Imlhar  paralysis,   and  it   has  not  infre^nently   lieen 
amung  the  insane. 

Leh>ir  calls  attention  to  the  coexistence  of  the  asphyxial  foran 
the  disease  with  taVies,  and  also  to  the  occurrence  of  the  affei^oo  I 
connection  with  intermittent  fever,  referring  to  several  wiiteis  i 
have  reported  such  cases,  and  to  three  casas  of  bis  own* 

Pathology. 

Raynaud  ascril)ed  the  disease  to  iiTitation  or  increaeed  i 
the  excitoraotor  portion  of  the  spinal  cord,  believing  that  the  j 
was  dej)endent  upon  some  lack  or  perversion  of  innervation  of  the  ( 
illaries.  It  will  therefore  be  seen  that  Eiiynaud  held  to  its 
origin.  According  to  another  view  the  condition  is  due  dii^jj 
peripheral  irritation.  Different  symptoms  or  stages  have  been  i 
uted  to  diS'erent  a<*tions  upon  the  vasomotor  neiwoua  systen 
stage  of  local  syncotje  to  irritation  of  the  vas^x'onstrietors  and  till 
local  erythema  and  asijliyxia  to  irritation  of  the  vasmlilators. 
other  view  lield  Viy  a  considerable  nnmljer  is  that  the  affection  i 
reflex  origin,  and  it  is  by  this  mechanism  that  menstrual 
have  been  supposed  to  be  eificient  in  its  causation.  The  weIl-< 
mined  tVu'i  tliat  exi>osnre  of  the  fiffected  parts  to  cold  or  wet  or  ( 
alteruations  of  cold  and  heat  may  sometimes  Ijring  on  paroiysmg  ( 
the  disease,  would  seem  to  intlicate  tliat  in  some  instance  at  least ( 
mjiy  lie  (if  peripiieral  origin.  On  the  other  hand,  the  effects  of  a 
emotion  point  to  central  ibsturbance  i>r  to  genend  distarbance  oft 
entire  nervous  a[>paratua.  Doubtless  the  mechanism  is  diffeiBotl 
diflen^ut  cases. 

Heury  Las  carefully  summarixed  and  discussed  the  different! 
ries  of  the  (*ause  of  Raynaud's  disease,  which  are  (1)  that  it  is  due  to 
eiuhirteritis  oblitenius;  (2)  tliat  it  is  due  to  peripheral  neuritis;  vi 
(3 )  that  it  is  the  result  of  vascular  spasm*     With  this  writer  I  beliere 
that  tlie  tljeory  of  arteriole  spasm  is  certainly  the  one  that  is  meet  in 
accorfhiD(*e  with  the  clinical  |ilienoraena,  and  this  °^"°  ^^^  ♦kiwirtte 
whi(*lj  Ra\  uaad  gave  his  iklhereuce.     "The  disease 
in  females  ayd  in  the  young,  ie.,  in  those  whose  vjv 
most  i iiipressionable.     It  occurs  in  paroxysms  whi^ 
i     surest  exciter  of  vascular  si>aHm— cold."    Finally, 
^ing  the  paroxysm  there  lias  lieen  dimness  of  visio 
Bfcy  the  ophthabiirisi'0]>e  to  dej^end  upon  a  contr* 
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artery  of  the  retina  and  its  branches,  and  in  one  recently  reported  by 
H.  M.  Thomas  the  attacks  of  l(X»al  syncope  were  followed  l)y  a  chill, 
loss  of  consciousness,  and  convulsions.  Such  facts  are  in  the  highest 
degree  corroborative  of  Raynaud's  view,  that  the  disease  known  by 
Ids  name  is  due  to  an  '*  enormous  exaggeration  of  the  excitomotor 
energy  of  the  gray  jiarts  of  the  spinal  cord  which  control  the  vaso- 
motor innervation." 

"The  symptom  htemoglobinuria,  occasionally  obsened,  is  best 
explained  by  the  theory  of  vascular  spasm.  The  origin  of  the  haemo- 
globinuria  may  be  twofold:  it  may  l)e  due  to  excretion  of  haemoglobin 
tbnt  lias  been  separated  from  the  red  corimscles  in  the  peripheral 
anphyxiated  parts — nose,  ears,  and  lingers — or  it  may  l>e  due  to  an 
asphyxia  of  the  renal  or  other  internal  vessels." 

Endarteritis  obliterans  can  he  excluded  as  a  cause  of  genuine 
Baynaud's  disease,  altliough  o(*casioual  crises  somewhat  closely  re- 
sembling this  affection  may  l>e  due  to  arteriosclerosis.  Such  cases 
have  been  recorded  by  Jacoby,  and  are  cited  hy  Henry,  one  in  a  l)oy 
who  develo|)ed  nephritis  with  chronic  albuminuria  and  died  of  apo- 
plexy, and  another  in  a  syphilitic  subject.  Against  the  theory  of 
endarteritis  obliterans  are  the  early  iiges  of  many  of  the  i)atieuts,  the 
INiroxysmal  character  of  the  sym])toms,  and  the  comparative  rarity  of 
Raynaud's  disease.  According  to  Hemy,  neuritis,  when  present,  is 
probably  of  secondary  origin.  My  own  experience  would  lead  me  to 
coincide  vdth  him  in  this  view. 

Symptoms. 

The  symptoms  of  Raynaud's  disease  differ  according  as  they  are 
observe^l  in  the  stage  of  local  syncope,  local  jisi)hyxiH,  or  local  gan- 
grene. The^e  symptoms,  in  accordance  with  these  stiiges,  are  so 
fully  given  in  the  article  by  Leloir  that  it  will  not  be  necessary  to  re- 
peat them  here,  but  reference  will  be  made  to  some  i>oints  in  the  symp- 
tomatology not  fully  descrilied  by  this  author.  The  most  iniporbint 
symptoms  when  the  disease  presents  itself  as  lo(?al  syncope  are  pal- 
lor, which  may  Income  extreme,  with  coldness  and  contraction  of  the 
tissues.  Sensibility  is  diminished,  especially  the  tactile  sense,  and 
pain  is  almost  constjint. 

The  chief  phenomena  when  the  affection  ])resents  itself  first  as 
local  asphyxia  are  lividity  from  capillary  stasis,  with,  in  some  in- 
stances, swelling  and  increase  of  tem])erature.  In  others  cyanosis 
and  mottling  of  the  skin  are  present;  pain  is  ])ei'sistent  and  often 
severe,  and  the  skin  may  be  anaesthetic.  When  the  disease  i)asse8 
on  to  the  gangrenous  stage  the  skin  lieconies  dark  and  insensible,  and 
sometimes  necroses  in  sijots.     The  disease  differs  from  tnie  gangrene 
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IB  tliat  tlie  gaugreiiQiLs  8ix»t6  disappear,  |)erha[i«  to  reapf  ifiar  io  iht 
same  place  or  near  by. 

It  has  been  shown  that  iuteriuitt43tit  hieruoglobtuuria  rmir  oeem 
iluriDg  a  parnxygm  of  RayDaud'H  disease,  or,  to  all  appearatioes  mi^ 
be  a  HulmtitutioDal  comliiioLi,  takiDg  the  place  of  the  attack. 

NuiuercHLS  nervotis  syui|>toma  have  been  described  as  aecompaiij- 
lug  Rjiyimad  H  disease,  niugiug  all  the  way  from  aimpla  ilaprattaioa 
or  a  nexme  of  uervouB  weti.kiiei»8,  to  coma  and  oonviiLiiotuf.  DinlarlK 
ancen  of  all  the  Bpecial  KOUHed  have  Iteeu  uc^UmI,  and  c^tMrHiialiy  viniial 
and  rx*ular  aflTeotioui^.  In  Boiue  iuHtaiices  the  vtmtal  ficlda  atd  ooo- 
tracted  or  ubHcureil,  aud  interiial  c»phthdnioplegia  haa  lie«Q  ofaaarraiL 

Onler,  after  referring  to  the  fre<|iieucy  with  which  Biijrtifttid'ft  cli^ 
ease  m  met  with  iu  forms  of  insanity,  says  tliat  in  a  tew es»m  OBtmlmii 
mauifestations,  due  apparently  t<i  vascular  i^hiutges  aimilar  ti>  ihcmm 
which  develop*  in  tlie  |>eripheral  parts,  have  lieen  deiicribed*  In  ihm 
vmie  of  a  man  in  whom  epilet>tic  attacks  occurred  in  the  winter  montfat 
only,  in  connection  with  hx^al  as^^hyxia  and  flni>er6cial  nacrosm  of 
the  ears,  the  patient  had  also  hif^iiioglobitiaria.  In  anolber  OMd»  thai 
of  a  woman  aged  Efty-two,  hxml  syncojie  aud  asi)h>^ia  occrorfed  at 
iutenals  iliiring  a  |)ericKl  of  six  veal's  in  the  fingers  and  Iiaud  M  ihm 
right  niile,  suuietimes  with  aphasia,  and  on  several  occaatotia  wtlll 
tranHient  i»aralysis  of  the  right  arm  and  leg.  In  the  final  attack  tlia 
imtient  died  with  gangrene  of  the  right  hand  and  arm*  Weiia  haa 
rf^lKJftod  another  case  in  which  aphasia  conipHcated  the  diseaae.  la 
a  third  ciise  "^falling  attacks"  of  an  indefinite  cluinK^ter  occurr^  in 
a  young  girl,  with  local  asj>hyxia  from  Uae  knees  to  the  ankles. 


DLV<.NnSIS. 

The  diagnosis  of  RaynaUii's  disease  is  UMually  n«»t  dit!icult  if  nio*!- 
erate  care  is  taken  by  the  investigator.  The  affections  with  irhii^h  il 
is  iKissible  to  confouml  it  are  gangrene  due  to  cardiac  diaeaae  or  to  oi> 
elnsion  of  the  vessels  frt^m  emlK3lism  or  endarteritis,  aud  tliA  | 
aasoeiated  with  diabetes  and  nephritis,  Erythromelalgia 
aome  of  the  stages  of  Kaynaud's  dise^ise.  The  e|K>nym,  RayoM 
disease,  should  be  restricted  to  cases  in  which  the  dinraan  ia  a  i 
kophoDeurosis,  Besides  the  forms  of  gangn^ne  juel  amuttanitoi 
not  belonging  to  the  class  of  Raynaud's  disease,  other  fmrieli6a^  \ 
iHly  of  symmetrical  type,  may  reault  from  such  oauaea  aa  aa 
infection,  disturbances  of  haamatopoie^is,  and  ergotism, 
with  the  careful  etiologio^d  study  of  the  case,  the  lalateml  aymiaalfy 
of  the  affection,  its  mcnle  of  onset  and  progre«9s«  and  the  ahwnca  of 
evidences  of  disease  outside  of  the  ueural  api»aratnK  will  merf^  to 
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make  the  diaguosis  clear.  Levi  has  recorded  cases  of  what  Le  re- 
pirds  as  hysterical  forms  of  BavDaud^s  disease,  and  of  erytbromelal- 
gia.  One  case  of  this  disease  he  rei^orts  as  haviuK  occurred  iu  an 
hysterical  and  hypnotizable  subject,  who  presented  also  abnormalities 
of  the  urinary  functions.  He  telieves  that  the  hysterical  form  of 
Baynaud's  disease  may  he  established  by  a  powerful  emotion,  and  by 
ihe  transformation  of  this  affection  into  a  suljconscious  inii)erative 
emotion,  the  disease  becoming  an  eutit\'.  The  onset  is  sudden  and  of 
emotional  origin,  with  associated  renal  disease,  either  anuria  or  poly- 
uria. In  hysterical  cases  the  disease  is  presented  as  a  local  syncope  or 
a8j>hyxia,  although  Levi  believes  it  may  l>e  i)ossible  for  gangrene  to 
result.  The  attacks  are  temporary,  but  may  frecjuently  recur,  and, 
according  to  Levi,  are  distinctly  influenced  by  hyi)notic  or  post- 
hypnotic suggestion.  The  question  of  the  existence  of  an  hysterical 
form  of  Baynaud's  disease  is  of  course  of  imi)ortaiice  in  the  diagnosis 
of  the  affection. 

Legroux  raises  the  question  whether  chilblains,  local  asphyxia, 
and  symmetrical  gangrene  may  not  re]>reseut  different  degrees  of  a 
Decroi)athic  dystrophy,  of  which  the  most  striking  example  is  fur- 
nished by  syringomyelia.  Chilblains  do  not  come  without  special 
esjKjsure  to  cold,  and  while  cold  may  determine  an  attack  of  Ray- 
naud's disease  or  increase  its  violence,  this  affection  may  ai)i)ear 
without  relation  to  changes  in  temi>eratm'e.  Legroux  regards  ])re- 
dispositicm  as  essential  to  tlie  prmluction  of  cliilblaius. 

The  symptomatology  of  erythromelalgia  clearly  separates  it  from 
Bayuau(rs  disease.  This  symptomatology  in  one  of  its  most  usual 
fonus  is  well  descril)ed  in  AVeir  Mitchell's  own  words :  "  The  patient, 
nearly  always  a  man,  after  some  constitutional  disease,  like  a  low 
fever,  or  after  prolonged  ]>liysical  exeriion  afoot,  begins  to  suffer  with 
pain  in  the  foot  or  feet;  usually  it  conies  in  the  ball  of  the  foot,  or  of 
the  gre^it  toe,  or  in  the  heel ;  and  from  these  parts  it  extends  so  as  to 
involve  a  large  i)ortion  or  all  of  the  sole,  and  to  reach  the  doi-sum, 
and  even  the  leg.  More  often  it  is  felt  finally  in  a  limited  region  of 
one  or  hoih  soles,  and  does  not  extend  beyond  these  areas.  At  first 
it  is  felt  only  towards  night,  and  is  eiised  by  the  night's  rest;  but, 
soon  or  late,  it  comes  nearer  and  nearer  to  the  hour  of  rising  from 
lied.  In  like  manner,  while  at  first  it  is  made  to  increase  only  by  ex- 
cessive exertion  afoot,  by  and  by  it  comes  on  whenever  the  upright 
ix)sture  is  assumed,  or  even  when  the  foot  is  allowt^l  to  hang  down. 
Since,  however,  the  disease  is  not  necessarily  ])rogressive,  there  are 
instances  in  which  the  j)ain  never  passes  a  definite  limit.  One 
iiaHe  may  for  years  have  the  trouble  cnily  in  the  evening;  a  second 
may  reju?li  and  remain  at  the  point  whore  onl.v  ji  long  walk  in  siininier 
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caufies  it:  a  third  may  ^taud  ntill,  as  it  were,  iu  ti  far  mun^  tidv«0i»d 
ata^e^  of  tlio  malady,  and,  tlioa^h  sufTeriniy;  lic»rrible  |»ftin,  become  do 
worHe;  while  iu  the  gravest  fases*  more  familiar  MiguH  ot  oripuiie 
dUease  of  the  8piiial  cord  may'  ari^e  to  shed  light  uf>ou  the  |Milliot* 
€igy  of  the  minor  forms  of  the  trouble," 

The  Hymi>t4)niHtolagy  of  erythromelalgia  is  varied  and  modified  ui 
diflferent  cases,  but  presenes  its  geiienil  charactoristic»  as  exliibilad 
iu  the  al>ove  desiriptioo*  Tlie  patients  aaa  different  terma  as  d^ 
scriptive  of  the  pain  experienced,  but  in  the  vast  majority  of  cnmm  il 
is  siMiken  of  in  tf^rms  which  imlicate  its  ** burning'*  chamciar,  Tlufl 
pain  may  l»e  light  ami  mcnlerate,  or  of  a  severe  aiid  ertn  toftoruiK 
charm*ter.  The  horizontid  j^msitinn  and  cold  relieve  tlio  paui.  Hie 
patients  are  iLsually  l>ettcr  in  ct4d  than  in  warm  weather*  OhnngM 
take  {)laee  iu  tlie  af){>earauce  of  the  feet.  The  skin  iu  the  imrln  moiit 
affei^tetl,  for  inntance,  miiy  come  to  assume  a  ilusky,  uioltlad^lvd  aj>- 
pearance.  Pressure  and  stiinding  or  walking  may  iuereiaae  the  ptdn^ 
ti^Uih^rness,  i*t>djiei*s,  and  c(»ngeHtic»n  of  the  parts.  The  flttishitig  umy 
come  im  rapidly  or  sUmly,  and  involves  Ixith  artories  and  veinB.  In 
the  mi>st  severe  ciises  the  patients  are  umible  to  stand.  The  ween 
are  rarely  cural»le,  Imt  may  lie  improved  by  r€«t,  tnild,  atid  gencwnl 
tonic  treatment.  In  some  iuatanoee  they  gra^lually  beoome  won» 
and  worse. 

Pbognohqi. 

The  prognosis  of  Raynaud 'i^  disease  must  he  considered  from  two 
IM^iuts  of  view :  (1 )  As  ti>  fatality  iu  paroxysms  of  the  diaeene^  and  (2) 
OS  to  Die  influence  of  the  diseitse  in  slini*tt:ijing  life.  In  regwd  lo 
si>e<:»ial  atta<'ks  of  local  syncoije  or  local  asphyxia,  or  even  of  sym- 
metrical gangrene,  the  [iroguoHis  cjiu  lie  re-gardi'nl  as  gfxKh  Tins  cnees 
do  not  end  fatally,  and  in  inoHt  instances  the  affected  fmrts  recover,  to 
a  cML^rtain  degree  at  h*ast,  Lh<*ir  h)cal  functionn,  althotigh  it  may  be  In 
have  future  syucoiial,  asphyxia!,  or  gangrenous  attacks.  The  geneiml 
hiudth  (»f  the  patieut  nuffering  from  Iliiynaud's  disease  ts  oat,  see 
rule,  gtxxl;  some  of  its  victims^  as  iu  one  case  of  my  own,  die  tram 
phthisis,  and  otiiers  froni  dial)etes.  As  has  been  indicviled,  tbej  mej 
l)e  sufferers  from  degenerative  diseasc^s,  such  as  iioeterior  sclexosis^ 
syringomyelia,  or  progresBive  muscular  atrophy.  The  proi^nufiae  ae 
to  reeoTery  from  the  attacks  will  de|N3ud  largely  n|ion  their  seTerity 
and  the  extent  of  the  tissues  involved.  The  disefise  somettmee  pm- 
oedes  scler<xlerma  of  the  fingers  or  sclerodactylia.  Starr  fase  retMirMI 
a  esse  which  seems  to  show  tliat  tlie  disease  can  be  entirely  ontKtown. 
Be  had  a  little  girl  under  observation  for  three  years,  she  haviiig 
been  first  seen  at  the  age  of  three  years.     Tt»n  \  earH  later  she  fiie- 
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aented  no  signs  of  the  disease.  The  cases  improve  in  the  warmer 
weather,  and  some  of  the  milder  type  may  recover  when  they  are  no 
longer  exposed  to  the  cold. 

Treatment. 

The  indications  for  treatment  are  (1)  to  improve  the  general 
health  of  the  jiatient;  (2)  to  improve  local  circulation  and  nutrition; 
and  (3)  to  relieve  the  pain  wliich  so  often  accompanies  the  local  dis- 
order. Strychnine,  arsenic,  manganese,  iron,  quinine,  cod-liver  oil, 
malt,  and  light  wines  all  have  some  value  in  improving  general  health, 
and  wherever  possible  change  of  air  and  sun*oundings  should  be  had. 
Sea  voyages  are  advantageous,  and  a  change  from  cold  to  warmer  lat- 
itudes during  the  winter  may  prove  of  benefit.  The  extremities 
should  be  kept  warm;  the  parts,  for  instance,  can  be  wrapped  in  wad- 
ding. Electricity,  both  faradism  and  gsdvanism,  has  been  recom- 
mended, and  the  latter  is  especially  worthy  of  trial  in  the  early  stages 
of  the  disease.  A  method  which  has  much  in  its  favor  is  that  of 
applying  the  current  by  placing  the  hands  of  the  i)atient  in  vessels 
containing  warm  water  through  which  the  galvanic  current  is  passed. 
Massage  with  oils  or  ointments,  and  both  passive  and  duplicated  move- 
ments of  the  extremities  are  measures  of  treatment  wliich  have  much 
to  recommend  them.  Nitroglycerin  has  been  suggested  with  the  view 
of  affecting  the  circulation  of  the  extremities.  To  relieve  pain  in 
extreme  cases  anodynes,  often  codeine  or  mori)liine,  may  l)e  reijuired, 
although  it  is  not  well  to  resort  to  these  drugs  because  of  tlie  danger 
of  establishing  the  habit  for  them. 

When  the  history  of  a  case  shows  that  syi)lnlis,  either  inherited 
or  aaiuired,  is  present,  antisypliilitic  treatment  sliould  be  employed. 
Several  cases  of  Raynaud's  disease  w4th  such  histories  have  lx»en  put 
on  record.  In  these  cases  tlie  affection  may  be  exj)lained  either  on 
the  theory  of  a  syphilitic  arteritis  or  of  angiospasm  due  to  a  toxin. 
An  organic  lesion  of  the  brain,  spinal  cord,  or  abdominal  cavity 
should  always  be  diligently  sought  before  applying  treatment  (Esk- 
ridge). 

FERFOSATINa  ULCER  OF  THE  FOOT. 

Perforating  ulcer  of  the  foot  {mal  perfornni  dtt  jficcJ)  in  rare  in- 
stances is  an  isolated  affection,  but  coninioiily  it  is  one  of  the  local 
trophic  manifestations  of  certain  degenerative  and  inflammatory  dis- 
eases of  both  the  central  and  tlie  ijeripheral  portions  of  the  nervous 
system.  It  long  ago  received  the  atteutiou  of  Vnlpian,  and  was  early 
studied  also  by  Duplay  and  M(jrat.  It  is  an  ulcerative  process,  as  a 
rule  developing  slowly,  and  located  usually  somewhere  on  the  plantar 
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surface  of  the  fntit,  althougli  it  may  appear  in  other  (jositiofl^] 
has  lieeu  regarded  as  the  result  of  Buppuration  of  a  bursa  or  i 
beneath  a  corn,  and  appears  in  some  of  these  caseB  to  be  a  loctl  ] 
eas.  "Under  proper  surgical  treatment  such  cases  sometimeB  i 
recover.  Southam  hiw  recorded  a  ease  in  which  a  i>erforating  1 
ajipeared  on  the  outer  afi|>ect  of  the  great  toe,  the  ulceratiou  I 
niiig  with  sui»piiratiiru  beueath  a  corn.  It  eventually  hecame 
sary  tii  amimtate  the  toe  at  the  met^Ltarsophahmgeal  joint  hot  1 
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wound  lieulcd  kimlly  and  the  patient  reef>vered  and  was  nevBr 
wards  trnulilt'd  hy  a  isiuiilar  affection.     No  de^eneriitive  diKtSd  vH 
preseut. 

Wlieu  ]>Ltutiir  ]  jcrforations  are  present  and  limitecl  toa  hiiml*^  l'''^ 
tion  of  the  font,  an  to  tlie  iiuder  surface  (:»f  the  great  toe,  tby  ^^>lkT' 
mis  sometimes  is  thickened  over  a  large  part  or  the  whole  of  tie 
plantar  sui-face;  the  dorsal  surfat^e  is  sometimes  coTered  iiith  thidt 
scales  ;  the  nails  are  <iftou  changed,  and  may  Ij6  thickened,  yeUuwisi, 
rough,  criLckrd,  or  recurved;  the  skin  may  assume  a  browni^  cohh 
and  tho  secr<*tioD  of  sweat  may  be  more  abundant  than  usual  aod of  i 
IV'tid  otli>r,  but  ufc  otlier  times  it  may  l>e  diminished  or  suppreiseftl' 
The  sul>cutaneous  cellular  tissue  may  be  hardeued,  and  at  times  aiK 
kvlosis  of  the  articulations  of  tlie  fiiot,  or  subluxations  afid  fonih 
iti<^s  may  l>e  present.  Cutaneous  eruptions,  oedema,  and  8welIiB(5* 
may  alsiJ  1h^  acct^»mpanimeuts  or  complications  in  cases  of  perfonting 
_iiki_i 
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Perforating  ulcer  has  been  noted  as  the  result  of  disease  or  injury 
of  various  nerves,  and  esi)ecially  of  the  sciatic.  In  one  recorded  case 
a  perforating  ulcer  of  the  foot  formed  after  the  wounding  of  the  sci- 
atic nerve  by  a  ball,  and  in  another  the  same  lesion  occuiTed  from 
compression  of  the  sciatic  at  its  origin  by  a  cyst  of  the  sacioim. 
Among  chronic  degenerative  diseases  tliose  in  which  it  has  Ix^n 
noted  are  tabes,  disseminated  sclerosis,  Friedreich's  disease,  pro- 
gressive muscular  atrophy,  syringomyelia,  and  i)aretic  dementia.  It 
has  been  observed  in  anterior  poliomyelitis,  and  it  also  occurs  in  the 
various  forms  of  neuritis,  as  in  those  which  are  caused  by  toxic  agents 
such  as  lead,  alcohol,  mercury,  and  arsenic,  and  those  which  follow 
infectiouB  fevers.  Any  disorder  causing  a  iirofound  mitritive  change 
may  produce  ulcerative  perforations. 

The  doi-sal  spinal  ganglia  are  from  analogy  tlie  most  2)robable 
seats  of  the  initial  lesion.  lu  many  cases  it  lias  been  attributed  to 
disease  of  the  spinal  cord,  but  it  is  not  prol)able  that  this  is  the  pri- 
mary seat  of  tlie  affection.  It  is  now  known  that  the  i)rimary  losions 
of  locomotor  ataxia  are  in  the  dorsal  spinal  ganglia. 

The  only  recorded  i)ath<)logical  appearances  are  those  which  have 
been  noted  in  connec^ti(m  with  autopsies  and  microscopical  examina- 
tions in  cases  of  tabes  and  other  chronic  dogenorative  diseases. 

The  existence  of  a  local  lesion,  like  i)erforating  ulcer,  should 
always  lead  to  an  examination  of  the  patient  for  evidences  of  a  more 
general  disortler,  such  as  tal)es  or  syringomyelia.  The  disease  is 
often  bilateral  and  more  or  less  symmetrical,  or  a  fully  formed  ulcer 
may  l)e  pre4!ient  on  (me  foot  while  a  callosity  and  other  evidences  of 
I  perforating  dise^ise  occur  on  the  other  foot.  Althaus  records  a  cus(\ 
of  talies  in  which  areas  of  soreness  in  the  solos  of  Ix^tli  feet  gradually 
turned  into  i)erforating  ulcers,  this  being  the  first  symptom. 

The  jn'ogutms  when  perforating  ulcer  occurs  in  connection  with 
degenerative  disease  is  unfavorable.  The  ulcers  may  heal  under 
j»roi)er  treatment;  in  some  instances  ami)iitation  of  a  toe  becomes 
necessary,  or  even  a  portion  of  the  foot  will  need  to  bo  removed. 
When  healing  occurs,  relapses  are  comparatively  common,  es])e- 
cially  if  the  patient  attemi)ts  to  stand  or  walk.  When  the  disease  is 
purely  hwal  the  ulcers  sometimes  heal  and  remain  healed. 

Treatment, — Patients,  in  the  first  i)lace,  should  bo  taken  olF  their 
feet,  complete  rest  of  the  affected  parts  lx»ing  ess(Mitial.  Antisei)tic 
dressings  and  applications  of  boviuiiio  have  ])roved  useful  in  some 
ca.ses.  In  the  Philadelphia  Hospital  the  sores  are  washed  out  with 
a  solution  of  mercuric  bichloride  and  ])eroxido  of  hydrogen,  and  then 
iKivinine  is  applied  directly  or  by  injection. 
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AINHUM. 

Aiuhum  is  a  trophoiieiimfiiA  which  usually  results  in  a  spoolaiie- 
ous  aciputHtiuQ  of  the  little  tot*,  althdUKh  iu  excei>tiotial  otmm  othAr 
toes  autl  even  the  fiugei**^  may  Iw  affecte^l  Iu  one  re|jort8ct  eaae  ^tut 
cliBemm  i»  recorded  as  having  pri^^eHned  as  far  a8  the  midiUo  tliinl  ol 
the  IeK«     All  iut4^rP8tiiig  siimmrtrv  of  tlie  fa*>t*4  known  *  *"tii4  aiti* 

hum  in  preHent^d  in  a  paper  l».v  Dr.  Walttsr  L.   I*>  l<  i^\  iti 

1894 

In  Brazil  the  disease  is  kuowu  ita  ulnham,  or  quiij}i*t^  aud  iu  India 
as  8ttkha  ^Kikla,  OthiT  uunies  whii*h  have  l>eeu  given  to  thi»i  diiieaAe,  in 
obedience  to  variuuH  hypothoKe»  of  ita  nature,  ta^ampufntmy  Xrprri^y; 
pitffnasiM  E(hwp!ttfti,imd  stln-vtkrma  annnhre;  i%  in  ako  fcaowo  Ml 
dacftfh  »Iys  IS  spou  fa  n  ta , 

The  first  report  of  a  caiie  was  niaile  by  da  Silva  Limai  cif  Bahij^ 
Bruzil,  in  IH&h  XumerouB  oases  have  beeu  report«Ml  Hince,  otrmtia^ 
almost  every  part  of  the  glolje — BrazU»  Egi»  ]»t,  Triui<hid»  the  Afrieui 
coast,  Allien*,  Madagascar,  India^  China,  Ceylou,  Britit»Ii  Guijuia, 
the  West  IndieH,  Polynesia,  and  viuious  i>/uia  of  the  Uuitml  St»lns 
and  Canada.  Up  to  the  time  id  the  puhlicatiou  tjf  Dr.  Pyle'ii  impiar 
the  following  cjisen  hml  In^bu  men  in  this  country:  Three  eaacHi  in 
West  Virginia  in  three  negroes  in  tlie  8ume  fAniily;  a  caao  io  A  IM^ 
gresH  from  North  Carolina;  cases  in  Phil iklelphia  and  in  CaoadA  in 
negroes  with  NoHh  Carolina  antecedents;  a  case  at  Darlington,  Socttli 
Carolina;  tive  riines  in  Lonisianu,  and  one  C5ius6  in  a  ne|pt>B  fifty  ycftni 
old,  seen  by  Dr,  Pyle  in  Washington,  I>.  C» 

Etiology* 

Tlie  jioeuliarities  of  climate  nnd  soil  are  sn;  |>os,.l  to  li.ive  Bome 
influence  in  its  development,  but  the  facts  are  nr»t  iltnj^jve,  »tud  ioile«Hl 
aro  somewhat  conflicting.  Acu^ording  Ui  some  it  is  most  ocimnioii  in 
damp  and  rainy  weather,  while  others  report  cases  from  the  dtf 
highlanils  of  India,  Sandy  soil  nnd  working  in  sidt  har«9  Immx  aft- 
signed  as  causes.  It  can  only  be  said  that  it  is  a  tropfacmenmaia  of 
QBoeriain  origin*  Ltxvil  irrihition  is  another  aHi^igitiMi  chidic*:  tlios  it 
has  been  attribut4^d  to  sMud  or  other  {lartjcles  irritjiting  the  farrow  in 
which  the  disease  usually  l»egins,  to  the  wearing  of  riui^a  on  the  looi, 
and  to  what  is  called  *^  stone  hntise/*  The  theory  ttiat  the  affectiafi 
is  due  to  patliogenic  organiNins  luis  b«^n  advnnr4*d  but  has  not  yet 
been  proved. 

Tlie  influenee  of  hereditv  Hi^Mn<*il  to  1m*  mhibiUHl  in  .i  rji^t*  which 
oeeurred  in  the  practice  of  Dr.  Gei»rge  B.  Simpson*  of  Wt^ti«n,  W. 
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Va.,  the  notes  of  which  case  were  sent  to  Professor  Duhring,  of  Phil- 
adelphia, with  one  of  the  to«s  which  had  been  spontaneously  ampu- 
tated. The  father  of  this  patient,  it  was  learned,  had  lost  two  toes 
in  the  same  way^  and  the  mother  was  a  sufferer  from  tlie  same  dis- 
ease, although  at  the  time  of  the  report  she  had  not  yet  lost  any 
toes.  H.  Weber,  previous  to  the  publication  of  this  account,  had 
already  referred  to  heredity  as  a  probable  cause.  Dr.  Henry  Wile 
made  an  exhaustive  microscopical  study  of  the  specimen  submitted  to 
him  by  Professor  Duhring,  as  the  result  of  which  he  was  led  to  be- 
lieve that  the  entire  process  was  due  to  a  disturbance  of  circulation, 
the  cause  of  which  was  intermittent  in  its  action.  With  regard  to 
this  method  of  causation  Wile  speaks  as  follows : 

"Such  causes  have  been  assigned  by  Dr.  da  Silva  Lima,  in  the 
fonnof  'limited,  or  localized  scleroderma,'  and  by  Dra.  Heitzniann 
and  Atkinson,  in  the  form  of  a  thin  ligature  applied  *  with  a  i)urp()se 
and  persistence.'  Believing  in  the  intermittent  action  of  the  cause, 
which  is  clearly  indicated  by  the  C(mdition  of  the  tissues,  particularly 
the  hlood-vessels,  I  regard  the  latter  as  the  most  probable  explana- 
tion. Supposing  a  ligature  to  have  been  ai)plied,  the  sux^erficial 
▼eins  suffering  first  from  compression,  it  prevented  the  return  of 
blood,  while  the  deep  arteries  being  free,  continued  to  supply  blood 
to  tbe  part  and  pass  into  a  stiite  of  cougestion  in  which  there  was 
some  exudation  into  the  surrounding  tissues.  The  ligature  being 
removed,  the  compression  was  relieved,  and  larger  veins  becoming 
free  conveyed  blood  away  from  the  part.  That  the  larger  veins  were 
free,  is  shown  by  the  specimen  in  whicli  their  lumen  is  for  the  most 
I*art  empty.  A  re^ipplication  of  the  ligature  caused  a  repetition  of 
the  process,  each  time  giving  rise  to  more  cell  exudation,  wliich  finally 
briuj^  about  a  condition  known  as  iitflamwofanf  a'detna.  In  this  con- 
dition we  find  spaces  betw'een  the  bundles  of  tissue  oecn])ied  by  an 
exudation  containing  a  considerable  amount  of  cells,  in  contradistinc- 
tion to  the  condition  of  sim]de  cxulema,  in  wLicli  the  exudation  con- 
tains little  or  no  morphological  products.  The  infffnuiHtifon/  wtlemu 
increasing,  causes  a  compression  of  the  veins,  which  interferes  with 
tlie  return  current,  and  keeps  the  paii  in  a  state  of  congestion.  This 
in  turn  keeps  up  the  inflammatory  cedema  which  must  sooner  or  later 
end  in  necrobiosis.  The  ligature,  then,  is  in  my  opinion  i^robably 
the  cause  of  the  dxHense.'' 

Symptoms. 

Pyle  condenses  the  symptomatology  of  the  disease  as  follows: 
"Ainhum  l)egins  as  a  small  furrow  or  crack,  such  as  soldiers  oft^^n 
experience,  at  the  digitoplantar  fold,  seen  first  on  the  inner  side. 
Vol.  XI.— 33 
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Tills  process  uf  farrowing  never  advances  in  Holdiera,  and  haa  beeni 
given  n  name  more  expressive  thun  elegftut.  In  fiinhiim  ilit*  to^  will 
in  a  few  itays  swell,  and  a  pain,  burning  or  sliooting  in  natar^,  umjr 
be  experiencetl  in  tlie  foot  and  leg  affected.  Pain,  however,  i**  iii>| 
constant.  There  may  be  an  eryihematouB  enipticm  iicc'nmp«iiirifi|^ 
the  sweLling,  Tiie  fiiiTtnv  increases  laterally  ami  in  depth,  and  me^te 
on  the  tlorsal  aspect  of  the  toe,  giving  the  toe  the  upiHAanuict^  of  Wing 
constricted  by  a  piei'e  «)f  fine  ccmL  As  the  furrtiw  deepenii  the  distal 
end  ol  tliH  tc>e  liOL'omeH  ovoid»  and  Sf>on  an  a]>iH»arttnce  a#4  of  a  m^riil^s 
attttohed  tn  tbe  Urn  by  u  tilirdiis  petlitdo  presents  itself.  By  this  tima 
the  swelling,  if  any,  has  subsided.  The  diskd  end  of  tlio  U^  Wiubi 
under  the  foot  and  beeumt^s  twisted  when  walking,  ami  cauaea  ineaii^ 
veni euea,  and,  unfortunately  says  Pyle,  it  is  in  this  last  stims  onlx 
that  the  patient  (presents  himself.  There  is  in  the  majority  of  caaeaa 
small  ulcer  iu  r^r  near  the  digitn-plantar  fnhl,  which  ciaiiaet  noal  of 
the  [)aiu,  particularly  when  walkfnl  un.  The  ulcer  does  not  ooenr 
early  and  is  not  constant.  The  i»j»se  nmler  my  obsorvaticiii  nhovrd 
no  ulceration,  and  was  al)Si)lut^4y  fjaiidess,  the  oc^jreaa  apply iu|^  for 
diagnosis  rather  than  treatment.  The  furrtjw  deopenfl  until  8(iciola* 
neous  amputatiim  takes  |)lace,  which  rarely  oocum,  the  patieot  gen- 
erally hasttniing  the  firtxvss  by  his  own  ojieration  or  by  at^iag 
surgii-al  treatment.  A  dry  neah  forms  at  the  furrow,  and  wh^m  picked 
and  repicked  constantly  reforms,  Inking  composed  of  horny  dMqmi- 
matiou  or  necrosis/' 

Tlie  disease  is  not  usoally  symmetrical  or  simultau<>oua  in  diffai^ 
ent  Uwm,  Oaaea  with  aBantbeaia  have  been  reiiorted,  altliongh  as  m 
rule  sensation  \h  not  nlM)liHhecb  Can^ful  histological  stnditaa  tif  Iha 
changes  which  occur  in  the  parts  attected  have  Iweii  mjulo.  ot»|]eciaIljr 
by  Eyles.  The  conclusions  reached  by  Pyle  are  as  followa:  *Itt 
ninhum  there  is,  first,  simpln  liyi>ertro[»hy,  then  active  hy[iieriilaaia. 
The  papilhe  are  piLHliinl  di*wn  and  deprived  of  blood  supply  ami 
uudf^rgo  homy  change.  Mefiuwhile  the  pressun^  thoa  exerted  on  Ibo 
nervi  vasornm  sets  up  vjiscular  changes  which  bring  about  epithelial 
ctmngas  in  more  distant  ureas,  the  ppK^etis  advancing  anleriarly,  thai 
is,  in  the  direction  of  the  arteries.  Tliis  makes  the  eaoia,  aoocndiQg 
to  Eyles,  an  inflammatory  and  tro]diic  phenomenon  dne  mainly  lo 
changes  following  pressure  on  the  vasf>motor  nerve**."  It  is  pmhahk 
that  changes  take  place  in  the  nene  cells  and  fibres,  but  these  haf« 
not  Ijeen  demonstrated.  The  diseikse  would  seem  t«^  heJoiig  to 
class  in  which  are  included  anaesthetic  lepnwy  and  Morvan's 

**Th©  diagjimijs  is  easy.  No  other  disease  resembles  it.  Ota* 
grene  is  tlistinctly  different.  In  frost-bite  there  is  a  history  uf  cnld. 
and  this  affection  is  of  short  duration.     The  afasenoa  of  constituliaQal 
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symptoms  aod  its  limited  field  of  occurrence  distinguish  ainlium  from 
kproey  and  from  elephantiasis." 
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SCLERODERMA,  ACROMEGALY,  AND 
ADIPOSIS  DOLOROSA. 


SCLEBODEBMA. 


Scleroderma  is  a  disease  in  which  the  connective-tissue  elements 

of  the  skin,  either  with  or  witliout  a  previous  i)eriod  of  oedema  or 

infiltration,  undergo  sclerosis  or  atrophy.     As  we  will  presently 

868,  this  definition  is  insufficient,  inasmuch  as  both  clinical  and 

PAthological  facts  indicate  that  the  connective-tissue  elements  of 

structures  other  than  the  skin  may  also  suffer.     Indeed,  so  extensive 

^  this  involvement  at  times,  including  muscles,  bones,  joints,  and 

raucous  membranes,  that  to  define  it  as  a  disease  of  the  mesoblast 

^tter  accords  with  the  clinical  findings.     Again,  the  presence  at  one 

"file  or  another  of  either  localized  or  general  nervous  phenomena  sug- 

Sests  that  the  definition  of  the  affection  must  be  still  further  enlarged 

^  as  to  include  the  nervous  system,  and  it  is  because  of  the  presence 

^'  these  nervous  phenomena,  though  they  are  admittedly  variable, 

*^at  the  disease  is  here  considered  among  the  troi)liic  affections. 

Historical  Sketch.* 

There  can  be  no  doubt  that  the  affection  was  known  in  some  de- 
^J^^    to  the  ancients.     Various  descriptions  given  by  Hippociates, 
Galen,  Avicenna,  Paul  of  iEgina,  and  others  suggest  very  strongly  the 
scleiroderma  of  to-day.     It  is  not,  however,  until  the  middle  of  the 
s^^^mteenth  century  that  a  description  appeared  in  medical  literature 
which  is  unmistakably  that  of  scleroderma.     We  refer,  namely,  to 
that  given  by  Lusitanus  of  a  woman  in  whom  the  skin  became  very 
ha*tl  and  the  entire  surface  of  the  body  assumed  the  appearance  in 
thickness  and  resistance  of  leather.     Subsequently  similar  descrip- 
tions were  given  by  Diemerbroeck  and  also  by  Helvetius.     In  the 
eighteenth  century  Martin,  Vater,  Curzio,  and  Marteau  also  described 
cases  clearly  referable  to  scleroderma.     The  descriptions  of  Currie 
and  Haller  must  also  be  included  as  must  also  that  of  Lorry.     In  the 

*In  the  historical  sketch  of  the  affection,  Lewin  and  Heller's  treatise  on  "  Sclero- 
denna, "  Berlin,  1895.  has  been  freely  used. 
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early  part  of  the  present  century  ceases  were  deeeribej  ty 
StriLiobio,    CiiJsanova,    Heuke,    Baerman,    Pieniuiu,   Fantaii*itti  1 
Froriep.     Tbe  first  accurate  de8cription  of  the  affection,  lim 
was  given  in  1845  by  Thirial,  who,  in  addition,  endeavored  toe 
ligh  the  identity  of  the  affection  he  described  with  that  of  8cl««dfl 
the  new-born.     The  name  scleroderma  we  owe  t<i  Gintiac.    Tol 
we  owe  the  first  detailed  description  of  solerodactyle. 

Varioiia  names  other  than  scleroderma  have  been  propo&^d; 
instance,  sclerema  or  pachydermat^ius  disease,  elephantiasis  scleri« 
sclerosis  corii,  trophoneurosis  disseminat-a,  etc.     However,  th©  i 
scleroderma  ia  now  by  common  consent  universally  used,    Nu 
j)apera  upon  the  subject  have  appeared  of  recent  years  and  gradi 
our  conceptions  of  the  disease  have  become  more  and  more  exi^n 
so  that  the  circumscribed  affection  is  considered  as  identical  in  i 
with  the  diffuse  affection ;  so  also  sclerodactyle  is  regarded  as  botj 
local  expression  of  the  general  pathological  process. 


Etiolooy. 

Inasmuch  as  scleroderma  is  quite  a  rare  affection,  it  has  been  < 
cult  to  establish  the  various  factors  which  |)Iay  a  role  in  its  caa 
However,  in  the  adminil)ie  collection  of  cases  made  by  Lewin  md 
Heller,  some  four  hundred  and  seventy-five  in  number,  certain  licia 
become  evident.  In  the  first  place,  it  must  l>e  considered  as  c«tok-j 
lished  that  women  ai'e  affected  far  more  frefjueutly  than  men,  in 
in  a  proportion  somewhat  j^reater  than  that  of  two  to  one.  It  is  I 
remarkable  fact  also  that  certain  local  symptoms,  such  as  ^'!er<»lji(yj 
tyle,  are  very  rare  in  men. 

By  far  the  greater  number  of  cases  occur  between  twenty  and  forf|| 

years  of  a^^e.     This  stjitement,  however,  needs  some  qualification! 

rei^^ards  women,  in  wiiom  the  process  tends  to  begin  somewhat  eariitf 

than  in  mon,  a  relatively  lar^e  number  beginning  before  the  age  c( 

twenty  years*     ExcGiitionally  in  either  sex,  it  begins  before  tie  agerf 

ten.     A  comparatively  small  number  of  cases  appears  between  forly 

and  fifty  and  the  numlior  steadily  diminishes  as  old  age  is  approacLei 

This  is  espivinlly  true  of  men  in  whom  cases  of  scleroderma  be^nuiflU 

after  fifty  are  excessively  rare.     In  women,  on  the  other  hand,  sdero^ 

derma  after  fifty,  though  infrequent,  is  much  more  oft^ 

men.     (hily  three  rasps  are  on  record  us  having  Ijegnn 

Regarding  race,  it  may  be  said  that  no  nationa 

Tlio  greater  number  of  the  recorded  cases  are  eithe 

^^|reneh  natioiiality,  a  much  smaller  proportion  being 

^Ht  American,     In  Italy  and  Hpain  as  well  as  in  81a vii 
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tries  the  number  of  recorded  cases  is  very  small.  In  considering 
these  facts,  however,  we  must  remember  that  the}'  are  in  part  to  be 
explained  by  lack  of  recognition  and  lack  of  study  of  the  disease  in 
many  localities. 

With  regard  to  occupation,  no  definite  statements  can  be  made,  al- 
though now  and  then  occupations  accompanied  by  exposure  to  cold 
appear  to  favor  scleroderma.  Heredity,  on  the  other  hand,  plays  ab- 
solntely  no  role.  This  is  also  true  of  infectious  diseases.  Among 
diseases  which  occasionally  precede  scleroderma  and  possibly  bear 
some  etiological  relation  to  the  latter,  we  must  mention  functional 
nenous  troubles,  more  especially  hysteria  and  neurasthenia. 

While  we  are  very  much  in  the  dark  regarding  the  real  nature  of 
scleroderma,  it  is  well  recognized  that  among  the  exciting  causes 
three  factors  play  a  more  or  less  marked  role.  It  is,  for  instance, 
not  an  uncommon  thing  for  the  patient  to  attribute  the  onset  of  the 
disease  to  fright  or  other  sudden  psychic  shock.  Again,  it  is  not 
oncommon  for  the  disease  to  follow  a  severe  trauma,  as  for  instance 
a  severe  blow  uix)n  the  head ;  it  may  be  that  here  nervous  shock  is 
again  the  real  factor  at  work.  In  another  group  of  cases  we  find  the 
disease  attributed  to  exposure  and  to  cold.  All  of  these  factors  have 
been  present  in  cases  studied  by  the  writer.  Thus  in  one  patient  the 
scleroderma  was  attributed  to  the  fright  caused  by  a  fire.  In  another 
it  followed  a  blow  ui)on  the  head,  the  blow  being  of  such  force  and 
character  as  to  produce  a  severe  lacerated  wound  of  the  scalp  over 
the  occiput  and  to  be  attended  hy  iinconsciousness.  In  a  third  case 
again,  the  disease  was  attrilmted  by  the  patient  to  the  fact  that  she 
had  for  years  been  in  the  habit  of  entering  a  small  ice-house  many 
times  a  day;  only  those  poi-tions  of  the  surface  not  protected  by 
clothing  were  involved,  namely,  the  face  and  neck  and  the  hands  and 
forearms  as  far  as  the  elbows.  Another  patient  attributed  her  dis- 
ease to  the  fact  that  she  persisted  in  washing  clothes  in  the  open  air 
during  bitterly  cold  weather,  and  in  this  instance  it  was  the  face,  neck, 
forearms,  hands,  and  feet  which  were  involved.  In  a  very  large  num- 
ber of  cases,  however,  no  history  of  any  exciting  cause  can  be  elicited. 

SvMProMS. 

The  symptomatology  of  scleroderma  varies  greatly  not  only  with 
the  extent  of  the  disease  but  also  with  the  stage  at  wlii(»li  a  given  case 
may  l>e  studied.  We  have  present  as  the  most  ])r<)niiiient  symptom  a 
change  in  the  true  skin.  This  change  may  be  attended  in  its  early 
I)erio<ls  by  an  infiltrati(m  of  the  connective-tissue  elements.  The  skin 
under  these  circumstances  may  become  indurated  and  hard  or  it  may 
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become  miicb  swollen  and  ledematoas.  On  the  other  hiitid»  iiifilteip 
tinn  may  1>b  al>sent  or  so  slight  as  not  to  attract  attentioa,  lo  nnch 
instances  the  chang<?3  are  apparently  at  first  those  of  sinipli?  mnd  rmy 
gnKlnal  atrophy.  In  cases  in  wliich  the  skin  has  U>c*u  first  infillmlfid 
or  coclenmtous  ati'oplue  changes  also  ensue  at  a  later  perioc],  dae  in 

all  probihility  to  th^  r«dib- 
Horptiem  of  an  exadate* 
TJiese  diflfrnttueee  ia  Uie 
mrxle  of  Uio  iBTolTBiiieilt 
of  the  skin  sisggMl  H 
chuisificatiou  of 
venieut  for  [mriNn 
descriptioo*  Thus  ^ 
ognize  first  an 
form;  secsondlj  an 
ni(cd  form^  that  is»  a 
in  which  the  akin  witlioaft 
iNMiig  cedematoiia  or  awol^ 
h  II  ia  merelf  indnimla^ 
ami  thirdly  a/r/rwi  wiihtmi 
(njilf ration^  Sderodemuiia 
further  separated  cUnicjiUy 
according  totheexiBot  and 
distribution  of  tlm  ajrmp* 
tonis.  Thus  we  f^eoQgiiM 
es])eciaUy  a  diffoiio  and  m 
circumscribed  foia.  H 
may  involve  more  or  laaa 
the  entire  bodj^  or  it  maj 
be  limitotl  hi  definite  areas.  Sontctitnes  it  cM'curs  in  TerjT  amall 
patclios.  These  small  patches  have  U^on  descriljed  by  demalologiala 
as  a  separate  disease  under  the  name  of  morphi^a,  but  there  ia  eirery 
reason  for  considering  morphtea  im  identical  with  sclarodamio* 

In  discussing  tho  dotjiileil  sy  niptomat<ih»gy  of  sclerodennait  will  b^ 
most  convenient  to  consider  first  that  of  the  diffuse  form.  As  alreadj 
stated  this  may  l>e  either  onlematrms,  indumtcnl,  or  non-indiumlod. 
If  the  case  be  one  in  which  cedema  is  pi^esent  in  the  early  ata^ev  wia 
will  notice  tliat  the  skin  of  siune  jxirtion  of  the  IkkIv.  more  fminenllj 
of  the  hands*  is  slightly  swollen  ami  stiff.  The  patient,  for  iaalaneo, 
will  notice  that  a  ring  fits  tighter  ui>on  the  finger  than  before,  and 
aoon  the  stinse  of  constriction  may  be  so  grtmt  as  to  lead  the  WMiwr 
to  remove  the  ring  nltotjether-  Tlien  as  a  rule  the  patient  rpalispa 
for  the  first  time  that  the  fingers  and  hands  are  distinctly  awotleiu 


Flo.  M.-UtfTuiK  Scterodfrmit    sto^^of  InfUtrntloQ . 


SCLERODERMA.  625 

The  Bwelling  may  extend  slightly  above  the  ^Tists  or  to  a  variable 
extent  up  the  forearm  and  arm.  At  the  same  time  it  is  noticed  also 
that  the  face  is  slightly  swollen.  The  cedema  of  the  face  is  very 
different,  however,  from  that  which  is  noted  in  Bright' s  disease,  the 
swelling  being  decidedly  more  resistant.  Little  by  little  this  oedema 
becomes  more  marked,  more  widely  diffuse,  and  gradually  approaches 
in  character  an  induration  so  that  the  skin  feels  hard  and  firm.  Mo- 
tion then  becomes  slightly  interfered  with  at  the  joints,  more  espe- 
cially in  the  fingers  and  hands.  Although  this  form  is  termed 
oedematous  because  of  the  decided  swelling  of  the  skin,  it  requires 
88  a  rule  firm  and  persistent  pressure  to  cause  the  swelling  to  dis- 
perse, and  even  then  well-marked  pitting  can  only  with  difficulty  be 
produced.  As  the  infiltration  becomes  more  marked  the  face  be- 
comes rounded  and  more  or  less  distended  and  the  features  ob- 
tunded.  The  feel  of  the  skin  is  characteristic  during  the  height  of 
the  swelling,  being  so  tense  and  firm  that  it  is  not  possible  to  gather 
it  into  folds.  It  has  evidently  lost  its  elasticity  and  to  some  ex- 
tent even  its  mobility  over  the  subjacent  tissues.  The  diffuse 
Bwelling,  as  already  stated,  may  involve  the  entire  trunk  as  well  as 
the  arms  and  legs.  Occasionall}^  though  rarely,  it  is  found  that 
in  some  one  area  the  infiltration  is  more  marked  than  elsewhere. 
Thus  in  a  case  studied  by  tlie  writer,  while  diffuse  infiltration  was 
found  all  over  the  body,  a  special  mass  or  swelling  existed  over  the 
anterior  asi)ect  of  the  thigh  just  above  the  knee,  and  this  swelling 
pitted  slightly  upon  pressure.  During  the  height  of  the  infiltration 
the  patient's  face  may  bear  a  superficial  resemblance  to  that  of  one 
with  myxoedema,  but  the  examination  of  the  swelling  by  the  finger  at 
once  dispels  the  illusion.  In  myxcedema  the  skin  feels  soft  and  almost 
jellv-like.  In  scleroderma  it  is  more  or  less  hard  and  resistant.  The 
characteristic  changes,  too,  noted  in  the  hair  in  myxcedema  and  the 
broadening  of  the  fingers  and  nails  are  also  absent  in  scleroderma.  In 
color  the  skiu  is  whiter  than  normal,  the  flesh  tints  being  absent.  Some- 
times it  is  so  white  as  to  resemble  marble.  Later  on,  as  the  infiltration 
persists,  various  pigmentaticms  of  the  skin  may  api)eur.  Brownish  or 
yellowish  jMitches,  small  or  widely  diffused,  may  make  their  ai>pearance 
over  the  chest,  abdomen,  buttocks,  back,  or  arms ;  more  rareh'  upon 
the  face.  Sometimes  this  pigmentation  is  very  extensive  and  may  as- 
same  a  gray,  greenish,  or  reddish  hue.  In  one  of  the  writer's  cases 
it  was  very  marked  upon  the  abdomen,  the  latter  being  of  an  almost 
uniform  greenish-brown  tinge.  In  other  cases  again  the  i)ignieiita- 
tion  is  very  slight  and  may  be  limited  to  oval  or  rounded  ])atclies  of 
violaceous  coloration  in  the  axilLi)  and  groins. 

At  the  time  that  these  changes  are  taking  place  in  the  skin,  pain 
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is  often  noted  in  the  joints.     This  i>aiii  beara  do  relation  to  the ie 
of  intiltnitirTu  of  the  aurrouuding  skin.     It  resembles  in  clianctii 
pain  of  onliuary  rlienmatiara*     It  m  im  a  rule  made  ^^'orse  by 
meiit.     More  or  les^5  marked  neunilgit^  pHios  may  alsc»  make 
appearance.     At   times   they   are    Hnuted   U*  definite  ni^rve  tn 


■ 
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Tlieso  Hymptomf?  of  pain  may  and  fretinently  do  persist  throU 
the  entire  coui-ne  of  the  affection. 

Aftpr  tlie  Hwellin*^  lia^  persisted  for  a  nuralier  of  monthfi^  pni 
for  II  year  ami  e\Tn  Linger,  it  in  observed  that  tlie  degree  of  in 
tinn  of  tliB  skin  becomes  less.  Little  by  little  the  swelling  C 
features  bert>mes  less  pronounced,  the  cheeks  become  sliglitl; 
tencd,  and  thn  nose  slightly  sharpened,  and  at  the  same  tiinf 
these  ehan^^*s  are  apparent  in  the  faee»  similar  ones  are  noticed 
the  trunk  and  liiubH.  In  other  words,  after  the  stage  of  infiltl 
and  a^lcnia  has  persiHtetl  for  some  time  a  stage  of  resolution  < 
commonly  exjiressed,  of  atrophy  sets  in.  Gradually  the  swoUfll 
distended  skin  becomes  leas  and  less  indurated,  but  as  it  doei 
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tends  to  contract  and  in  this  way  produce  characteristic  changes  in 
the  features  and  other  portions  of  the  body.  If  atrophic  changes 
become  pronounced,  the  skin  is  tightly  drawn  over  the  features, 
which  acquire  a  mask-like  expression.  In  well-marked  cases  the  fea- 
tures are  so  stiif  and  leather-like  that  a  change  of  expression  on  the 
part  of  the  patient  is  almost  impossible.  Indeed,  frequently  the 
patient  can  open  the  mouth  only  with  difficulty,  rarely  to  the  full 
extent.  The  sharpening  and  narrowing  of  the  nose  already  noted 
become  more  and  more  pronounced  until  its  shape  is  much  changed. 
The  mouth  becomes  diawn  so  as  to  look  more  or  less  puckered.  The 
ears  also  may  show  signs  of  shrinkage  and  distortion.  The  chin, 
too,  may  become  sharpened  very  much  as  is  the  nose.  The  eyes 
are  apt  to  present  a  curious  appearance  due  to  the  narrowing  of  the 
palpebral  fissures.  In  some  instances,  however,  the  palpebral  fis- 
sures may  be  wider  than  usual,  the  patient  being  unable  to  entirely 
close  the  eyes.  The  changes  noted  in  the  skin  of  the  face  are  also 
noted  elsewhere,  and  soon  the  patient  finds  that  the  movements  of  the 
anns  and  legs  are  much  restidcted.  Thus  the  arms  cannot  be  raised 
as  easily  or  abducted  from  the  body  as  freely  as  liefore.  Flexion  and 
extension  also  become  somewhat  limited.  If  the  scleroderma  has 
involved  the  legs  the  atrophic  changes  produce  more  or  less  interfer- 
ence with  movement  in  walking.  The  stride  may  l)e  much  shortened, 
movement  at  the  knee  and  ankle  joints  may  become  much  restricted, 
and  the  entire  limb  on  either  side  may  be  stiffened  and  rigid.  Under 
these  circumstances  a  patient  may  be  imable  to  mount  a  stairwa\'  or 
may  do  so  with  great  difficulty  or  i)erhap8  only  by  using  one  foot  at 
a  time.  Any  attempt  to  extend  the  limbs  Imond  the  limit  to  which 
they  are  voluntarily  moved  by  the  x>atient  produces  pain.  At  this 
staj^eof  the  disease  the  patient  also  complains  of  more  or  less  marked 
s^nse  of  tightness  and  constriction  about  the  face,  limbs,  and  joints. 

It  is  in  the  hands,  however,  that  the  most  interesting  changes 
occur.    In  by  far  the  larger  number  of  cases  of  scleroderma  occurring 
in  men  the  hands  and  feet  escape,  but  this  is  not  true  of  women.     In 
women  the  infiltration  or  atrophic  change  in  the  skin  is  accompanied 
by  more  or  kss  marked  fixation  of  the  fingers  and  tliuml)s.     As  a 
rule  the  fingers  are  fixed  in  a  ])osition  of  semiflexion.     Sometimes 
they  are  markedly  contracted;  at  other  times,  again,  they  are  gro- 
tesquely distorted.     As  a  rule  the  skin  at  this  stage  feels  hard  and 
dense.    In  color  it  is  white  and  to  the  touch  it  is  very  cold.    Indeed  the 
hand  often  looks  and  feels  very  much  like  the  hand  of  a  marble  statue, 
but  the  color  may  vary  from  time  to  time,  l)eing  sometimes  slightly 
more  tinted  with  pink.     Pigmentation  also  may  be  noted,  more  espe- 
cially about  the  finger  tips  and  nails.     At  times,  especially  after  ex- 
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posiire  to  cokl,  the  fingers  may  become  cvanoeed,  the  oonditicio  0mm 
au^j^estiog  KM\uauiV8  disease.  Scleroclerma  of  the  b&udfl  witli  ite 
atteiidaiit  fix/Uion  and  coDtracture  ia  t<^rmed  technically  fiderodaelyk. 
As  already  stated,  it  occurs  almost  exclusively  io  women;  hfOMDMd- 
ingly  well-marked  cases,  liuwever,  have  been  obaenred  by  tiia  writer 
ID  men. 

As  the  HcleriHlactyle  l>ecomes  more  aud  more  prnnoofioed  the  fin- 
gers b^iii  to  loBe  their  full  and  nmnded  contour*     They  become  ftl 
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timea  |>ointed,  owing  to  the  alworption  and  fibrinluii^  o(  the  polp 
the  tips  of  the  fingers;  at  other  times  they  iKtcomeeoinewluit  elia 
Bhaped*  At  times,  also,  marked  atrophic  changes  take  place  in 
bones.  Sometimes  entire  iihahmgi's  of  the  fingers  may  be  deifaoyeiL 
Frcfjuently  it  is  one  or  more  of  the  distal  phalanges  that  nnffmtt 
though  at  times  it  is  the  [)roximal  idiahmx  or  tlie  middle  phalaiis 
that  disappears.  If  it  is  the  distal,  it  is  apt  to  U}  ac^comiMUiiecl  witli 
permanent  destiniction  of  the  nail  and  matrix  and  shortening  of  the 
fingers.  The  skin  gradually  liecomes  more  and  mora  ti^^itly  dfmva 
over  the  knuckles  aud  over  the  phatangeid  joiutfi  mo  tliat  the  latter  eftB 
elmosi  lie  studif^d  tljmugh  the  atrophied  skin.  That  the  nutritiofi  of 
such  a  skin  shoukl  l»e  excTessively  low  can  be  remlily  iinderslDod. 
Slight  blows  upon  the  knuckles  are  apt  to  cause  sloughing  and  per* 
sistcnt  ulceration,  conilitious  which  disappeiir  or  beal  with  very  great 
difficulty- 

Just  aa  infiltration  and  fixation  of  the  hand  and  ftngers  may  take 
place,  so  infiltriitiou  of  the  foot  and  toes  may  occur.  Fixation,  dialcir- 
tion,  or  contracture  may  be  observed  in  them  ju^t  as  in  the 
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As  in  the  case  of  the  hands,  the  feet  are  as  white  as  marble  and  the 
toes  are  rigid.  Pigmentation  appears  to  be  somewhat  less  common' 
than  in  the  hands. 

While  these  changes  are  taking  place  in  the  skin  various  changes 
may  occur  elsewhere.  Thus,  in  addition  to  the  pigmentation  already 
mentioned,  patches  of  erythema  may  make  their  appearance  in  vari- 
ous situations,  remain  for  a  time,  and  again  disappear.  So,  also, 
telangiectatic  patches  may  occur  upon  various  i)ortions  of  the  body, 
more  especially  upon  the  face.  In  these  telangiectatic  patches,  di- 
lated small  blood-vessels  can,  as  a  rule,  be  readily  distinguished,  and 
the  face  may  look  reddened  and  the  skin  irritated  and  angry.  As  a 
rule  patches  of  telangiectasis  come  and  go  very  much  as  do  the  patches 
of  erythema.  In  other  instances,  however,  they  become  more  or  less 
permanent,  thus  adding  to  the  unsightliness  of  the  face. 

Occasionally  ulcers  make  their  appearance.  These  may  be  situ- 
ated in  various  parts  of  the  body.  Sometimes,  as  in  a  case  observed 
by  the  writer  in  which  an  ulcer  formed  over  the  right  occipital 
region,  the  lesion  is  accompanied  by  excessive  neuralgia.  Sometimes 
an  intense  burning  pain  is  felt  in  the  ulcer  itself.  These  pains 
are  as  a  rule  controlled  with  great  difficulty.  The  ulcers  themselves 
keal  very  slowly.  In  some  cases  small  vesicles  may  make  their 
appearance;  in  others  x>ustules  are  noted.  Sometimes,  again,  ai>- 
pearances  resembling  urticaria  are  seen ;  at  other  times  patches  re- 
sembling ecchymoses.  Other  trophic  changes  have  also  been  noted, 
M,  for  instance,  herpes  zoster.  Changes  have  also  been  observed  in 
the  hair;  sometimes  the  hair  of  the  scalp  becomes  thin  or  dry  and 
brittle;  sometimes  circumscribed  loss  of  hair  takes  places  In  the 
Bails  changes  may  also  be  noted;  these  structures  may  become 
ridged,  thin  or  thickened,  and  sometimes  brittle. 

One  of  the  most  striking  changes  observed  in  the  atroj^hic  proc- 
esses of  scleroderma  is  the  loss  of  subcutaneous  fat,  and  this  may 
add  greatly  to  the  change  observed  in  the  countenance.     As  a  rule 
the  fat  is  lost  above  and  below  the  zygomatic  arch  and  above  and 
below  the  clavicle,  and  the  patient  may  appear  excessively  thin  and 
emaciated.     The  loss  of  fatty  tissue  frequently  involves  the  entire 
bod}'  BO  that  the  arms  and  legs  partake  of  the  same  wasted  appear- 
ance as  does  tlie  face  and  neck.     The  trunk  also  may  seem  exces- 
sively emaciated  so  that  merely  a  thin  atrophic  skin  is  interi)osed 
between  the  finger  and  the  ribs.     Further,  contractures  may  steadily 
progress  until  marked  fixation  takes  ])lace  in  various  portions  of  the 
body;  thus  the  movement  of  the  neck  may  become  much  impaired, 
the  power  of  flexing  the  trunk  may  ]>e  very  lurKely  lost,  while  the 
fixation  of  the  limbs  may  become  so  marked  that  it  is  im])C)ssible  for 
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the  patient  to  walk,  to  dress,  or  even  to  feed  himself.    A  patieati 
remain  in  thi^  condition  not  only  for  months  but  for  maur 
or  death  may  eusne  due  to  some  intercurrent  aflfection.    Somel 
the  difficulty  in  taking  and  assimilating  food  becomes  so greilj 
the  patient  succumbs  to  a  gradual  process  of  inanition.    In( 
cases  it  is  a  bronchitis  which  is  the  cause  of  death,  the  chest  i 
being  so  fixed  that  free  exi>ectoratioii  becomes  im}X)s&ibl6. 
cauHes,  such  as  pneumonia,  intercurreut  heart,  or  lung  affectios^t 
cidental  sepsis  through  the  infection  of  a  trophic  leaion  may  J 
the  case.     The  fixation  of  the  joints  is  not  entirely  dependeat  i 
the  degree  of  change  in  the  overlying  skin.     In  fact  there  is  i 
times  marked  interference  with  movement  when  the  degree  of  i 
in  the  skin  is  very  slight.     For  instance,  in  a  patient  under  the  i 
of  the  writer  the  fixation  of  the  jaw  is  so  marked  that  the  teeth  t 
not  be  separated  by  a  greater  interval  than  an  eighth  of  an  inch,  ] 
the  skin  of  tlie  face  and  cheeks  is  quite  movable. 

It  must  not  be  inferred  from  the  doseription  given  that 
derma  is  a  disease  which  necessarily  pursue*  the  above  course, 
may  be  spontaneously  arrested  in  any  stage.  Again,  resolution  i 
be  so  marked  and  so  complete  that  the  skin  assumes  a  practio 
normal  condition  and  iu  such  instances  true  recovery  may  be  sti 
to  have  taken  place.  In  an  analysis  made  by  Lewin  and 
of  two  hundred  and  fifty -one  cases,  forty,  or  a  little  less  than  < 
sixth,  recovered ;  in  seventy-five  improvement  was  noted ;  no  ( 
or  increase  of  the  disease  was  noted  in  seventy-four»  and  in  sixty-i 
death  occurred. 

In  the  indurated  form  of  the  ilisease,  that  is  in  which  theie  i 
merely  a  board-like  induration  of  the  skin  without  tine  swelliJig,  I 
progress  is  in  every  other  respect  identical  with  that  of  the 
tt»us  form,  fixation,  coutrat^tures,  and  the  various  trophic  cl 
which  we  have  already  described  taking  place.  In  the  third  fon 
namely,  in  winch  tliere  is  neither  oedema  nor  induration,  the 
]>aHses  Hpontaueously  into  the  eonditioD  of  contracture  and  fixatia 
It  m  prohfUjle,  however,  that  even  in  this  instance  some  infiltmtia 
precedes  the  atropine  change  tecanse  more  or  less  hardening  of  \ 
skin  in  noted  in  the  areas  which  are  contracted;  otherwise  thesyn 
tcjnis  pursue  a  course  iu  every  way  similar  to  that  above  described 

At  vari<ius  stages  in  the  course  of  scleroderma  n*^ 
may  be  noted.     We  have  purposely  avoided  their  m 
confusiug  the  clinical  picture.     It  will  suffice  to 
phenomena  of  one  kind  or  another  are  almost  inva 
is  true,  however,  that  they  vary  greatl\^  in  characl 
alike  iu  no  two  cases.     Thus  we  may  find  hypoehc 
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mental  depression,  melancholia,  and  even  mental  impairment;  or  we 
may  find  more  positive  symptoms,  such  as  insomnia,  giddiness, 
headache,  and  neuralgia.  Pains  referable  not  only  to  the  joints  but 
also  to  various  neiTe  trunks  and  closely  resembling  neuritis  may  be 
observed.  In  other  cases,  again,  chorea,  tremor,  ataxic  movements, 
spasms  of  muscles,  fibrillary  twitching,  or  local  paresis  may  be  noted. 
Bometimes,  again,  symptoms  suggesting  iutracranial  lesion,  such  as 
inequality  of  the  pupils,  may  be  present.  In  very  many  cases,  again, 
the  patient  complains  of  disturbances  of  sensation,  such  as  parses- 
tiiesia.  Only  rarely  has  anaesthesia  been  noted.  A  sense  of  tightness 
and  constriction  independent  of  the  condition  of  the  skin  has  also 
been  observed.  The  great  variety  of  the  nervous  phenomena  would 
indicate  that  they  are  of  an  unessential  character,  and  yet  the  fact  that 
nenons  symptoms  of  one  kind  or  another,  although  limited  in  num- 
ber, are  usually  present,  indicates  that  the  nervous  system  is  more 
or  less  involved  in  this  curious  disease.  As  showing  the  inconstant 
character  of  the  nervous  phenomena,  we  need  but  refer  to  the  re- 
flexes as  exemplified  in  the  knee  jerks,  which  may  be  normal,  ex- 
aggerated, or  diminished. 

In  addition  to  the  various  phenomena  presented  by  the  skin  and 
the  various  symptoms  indicative  of  nervous  derangement,  special 
symptoms  may  be  present  referable  to  the  digestive  tract,  the  circu- 
latory apparatus,  the  kidneys,  and  more  rarely  to  the  lungs.  Thus 
it  is  not  an  uncommon  exi)eiience  to  meet  with  more  or  less  marked 
gastro-intestinal  atony.  Occasionally  a  gastric  catarrh  is  met  with. 
Frequently  a  tendency  to  diarrhoea  is  observed.  At  times  diarrhoea 
conges  on  in  sudden  attacks  and  may  be  quite  profuse.  It  is  ai)par- 
entty  not  related  to  the  character  of  the  food  that  is  taken  or  to  such 
extraneous  circumstances  as  the  taking  of  cold.  It  appears  to  be  a 
diarrhoea  of  nervous  origin. 

On  the  side  of  the  circulation,  we  occasionally  note  increased 
rapidity  of  the  pulse  and  sometimes  well-marked  attacks  of  cardiac 
palpitation;  pericarditis,  though  rarely,  has  also  been  observed.  It 
is  difficult  to  assign  to  these  symptoms  their  proper  value.  It  would 
8wm  almost  as  if  they  were  due  to  some  incidental  affection.  As  re- 
gards the  urine,  interesting  facts  are  occasionally  recorded.  Slight 
albuminuria,  glycosuria,  and  phoaphaturia  have  been  noted  in  a  few 
instances.  These  conditions,  like  the  heart  changes  just  alluded  to, 
are  evidently  without  clear  significance,  especially  as  in  the  large 
ffiajority  of  cases  albuminuria  and  glycosuria  are  not  observed. 
Phosphaturia  appears  to  be  more  frequeut  than  either  of  the  other 
conditions.  An  interesting  symptom  which  was  fii-at  observed  by 
M.  Eohn,  is  that  of  a  diminution  in  the  output  of  urea.     This  obser- 
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vation  has  been  conlirmed  hj  tlie  writer,  who  determined  a  \ 
cided  diminution  iii  the  output  of  urea  in  two  cases.     In  one  i 
less  than  two  hundred  and  aeventv-five  grains  were  excreted  * 
and  in  the  other  lege  than  two  hundred  gniins.     It  should  bet 
however,  that  both  of  these  cases  were  in  an  advanced  atrophic 
of  the  disease,  and,  irrespective  of  spec*ial  jjathological 
we  mtiKt  be  careful  not  to  attach  too  much  importance  to  tiiM  I 
ings,  for  the  influence  of  food,  of  exercise,  and  of  other 
flueucing  tissue  metabolism  must  lie  taken  into  account.    Wai 
remember  that  patieuU  in  the  advanced  or  atrophic  stage  oft 
ease  consume  but  little  nourishment,  take  almost  no  exercise,  1 
the  general  lnnlv  weight  is  also  much  diminished-     In  a  caaei 
by  the  writer  in  the  earlj  or  oedeniatouii  stage  of  the  disease,  thec 
put  of  urea  was   found  to  be   somewhat    increased  instead 
minished.     In  two  cases  the  phosphates  were  found  to  be  im 
in  another  they  were  about  norinal  in  amount,     lo  none  of 
was  the  uric  acitl  appreciably  changed  iu  f|uautity. 

The  amoiiut  of  urine  appears  to  be  frcfiuently  diminisbed,  ( 
cially  in  the  advanced  stages  of  the  affection.     Several  times  i 
tability  of  tlie  bladder  has  been  noted,  leading  to  markedly  : 
fretiueucy  of  micturitiou. 

Such  plienoTueua  ns  are  presented  by  the  function  of  respi 
appear  to  depend  upon  the  rigidity  of  the  skin  and  moscles  of  1 
chest.  Tims  dysima^a  has  been  noted  in  a  number  of  cases^  M 
also  <liiniuished  lung  capacity.  That  phthisis  should  have 
noted  under  these  circumstances  would  of  course  not  appear  i 
ing»  iiud  vet  such  a  comi)lication  is  exceedingly  rare.  The 
tion  of  the  blood  occaHionally  reveals  interesting  iindiugs.  In  i 
series  of  examinations  made  by  Dr.  A.  E.  Taylor  in  two  caw*  ( 
the  writer,  the  leucocytes  taken  as  a  whole  were  much  in  excess. 
one  of  the  cases  albumose,  a  substance  not  before  detected  in 
l>!i  jc  >A  iu  scleroderma,  was  discovered.  In  another  instance  pep 
was  found  in  the  urine.  Oro  found  an  increase  of  eosinophile* 
This  was  not  obscrvf*d  in  the  cases  Btiulied  by  Heller.  Franke,  i 
noted  a  small  increase  in  the  eosinoi>hile  cells.  The  obaervatJa 
thus  far  made  are  of  course  insufficient  to  enable  us  to  draw  conds 
sions  iu  reganl  to  the  Vilood  changes.  Such  chanires  as  have  beei 
noted  siii]i>ly  indicate  some  gi'oss  derangement  * 
sue  metabolism.  This,  for  instance,  must  be  the 
presence  of  allminosc,  to  which,  however,  no  spei 
be  attached  as  the  oliservation  stands  alone. 

On  the  part  of  the  lympliatic  system  it  is 

t  occasionally  the  lymphatic  glands  are  foun 
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Symptoms  referable  to  the  special  senses  are,  as  a  rule,  not  present. 
Keither  vision,  hearing,  taste,  nor  smell  is  interfered  with.      Yery 
nrely,  as  has  been  already  stated,  disturbances  of  cutaneous  sensi- 
bility are  observed.     These  consist  of  numbness,  various  paraesthe- 
fliffi,  formication,  itching,  or  more  or  less  diminution  of  sensation. 
Yery  rarely  true  anaesthesia  is  found.     The  i>erix>heral  nerves  are  not 
specially  involved  save,  as  already  stated,  in  the  form  of  neuralgia  or 
neuritic  pains.     Very  rarely,  however,  a  local  palsy  is  observed. 
Thus  Westphal,  also  Paulowski,  noted  facial  paralysis.     Inequality  of 
the  pupils,  which  has  been  already  mentioned,  was  noted  by  Hertzog. 
A  dose  study  of  well-marked  cases  of  diffuse  scleroderma  soon 
convinces  the  observer  that  the  skin  is  not  the  only  structure  affected. 
The  loss  of  the  suj[>erficial  fat  enables  one  in  man}'  cases  to  feel  the 
flubdermal  structures  with  considerable  accuracy.     It  is  frequently 
fonud  that  these  are  more  resistant  to  the  feel  than  they  should  be. 
As  Las  been  already  stated,  the  impairment  of  motion  in  certain  joints 
frequently  bears  no  definite  relation  to  the  degree  of  the  involvement 
of  Uie  superjacent  skin.     The  conviction  forces  itself  upon  one  that  the 
same  process  which  is  instrumental  in  bringing  about  the  induration 
and  contracture  in  the  skin  is  also  instrumental  in  bringing  about 
induration  in  other  structures,  as,  for  example,  in  the  connective  tis- 
ane about  the  joints,  the  deep  fascia,  the  tendons,  and  the  muscles. 
This  involvement  of  tendons  and  muscles  has  been  observed  by  Ball, 
Thibierge,  Kiihler,  and  by  the  writer,  and  has  been  demonstrated 
pailiologically  by  FouUerton.     Muscular  atrophy,  apparently  from 
disuse,  has  also   been    occasionally  oteerved.      Sometimes   special 
groups  of  muscles  are  involved ;  thus  Thibierge  found  the  biceps, 
supinator  longus,  and  sternomastoid  converted  into  hard  cords.     Sim- 
ilar changes  have  been  noted  by  Le^vin  in  the  sternomastoid  and  by 
Leflaive  in  the  pectoralis  major.     Contractures  of  tendons  have  also 
been  olwerved  by  Hall  and  by  Sympson. 

Instead  of  being  evenly  diffused  over  various  portions  of  the  face, 
Beck,  lim1)s,  and  trunk  the  sclerotic  proc^ess  may,  as  already  stated,  be 
JWJcentuated  in,  or  limited  to  certain  areas.  Indeed,  diffuse  universal 
scleroderma  is  relatively  infrecjuent  and  occui-s,  according  to  Lewin 
tod  Heller,  in  about  fifteen  per  cent,  of  the  cases.  Regarding  the 
frequency  with  which  different  poi-tioiis  of  tlie  l)ody  are  affected  with 
scleroderma,  it  would  appear  that  the  upper  extremities  suffer  most 
fre*|uently  of  all,  next  the  trunk,  then  the  face  and  head,  while  the 
lower  extremities  suffer  least.  Very  rarely  certain  peculiarities  of 
location  are  noted;  thus  in  two  eases  the  seleroderniatous  process  was 
limited  to  one-half  of  tlie  hotly.  Again,  in  a  few  cases  the  affection 
was  foimd  localized  upon  the  flexor  surfaces  of  the  limbs,  in  others 
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Qpou  the  exttiiiBor  siirffU56B.  It  may  here  be  noted  tliat  Uie  paltnar 
and  plaotai'  nurfacos  are  aflfect^^ti  with  the  greatest  rarity.  Stieb  in- 
duration has,  however,  been  noted  by  N*  Moore  and  also  bj  Iktt 
writer. 

Very  rarely  the  sclerotic  process  involves  the  mnooafl  ttsembnuii 
of  the  mouth,  of  the  tongue,  of  the  ^niH,  and  even  o£  the 
though  an  regards  the  latter  it  should  be  stated  that  HclerodArmai 
tiie  genitals  either  in  the  male  or  female  is  exeefisivBly  rare.  Am  t^ 
gards  the  more  limited  forms  of  si^leroderma,  Uiat  is  those  in  wliidi 
the  prt>Le8s  wcurs  in  striim  or  patches  of  variable  ahapeii  and  dimeo- 
sions»  it  is  net^essary  to  sttite  that  they  may  or  may  not  folloir  certaia 
nerve  trunks  in  their  distrilMitinn.  The  numWr  of  caaea  in  whicb 
such  a  relation  to  either  a  sensory,  a  niottir,  or  a  mixed  narre  ia  l^>- 
parent,  is  outweighed  l>y  an  equal  or  even  larger  number  of  amm  in 
which  no  siu*h  relatiun  ran  l>e  discerned.  That,  howerer,  in  oaitebl 
QsmeB  there  is  a  very  i'Iohh  relation  l»etween  the  si*lerfx1ermaloii8  firoo- 
ess  and  certain  nerve  trunks  cannot  be  denied.  Thus  tlio  prooeni  !• 
noted  now  and  then  in  cIoHe  relation  with  tlie  various  bnmcheti  of  the 
trigeminus.  At  other  times  it  has  l>een  noted  to  follow  eluiw^ly  the 
distributions  of  one  or  more  intercostal  nerves.  In  one  «aiso  it  fol- 
lowed closely  the  course  and  distribution  of  the  sciatic.  Tti  innl* 
tiply  these  instances  is  unnecessary.  They  are  sufficient  to  indicsate 
Ihe  very  imjiortant,  though  apparently  erratic,  role  played  bjr  lb# 
nervfius  system.  As  alremly  stated,  the  cases  of  limited  sclero^li^rTOa, 
in  wliich  no  relation  can  l>e  demonstmted  with  nerve  trunkn,  fully 
outweigh  those  in  which  such  a  relationship  is  clear  and  nndenisbla, 
and  if  the  nervous  system  pLivs  a  role  in  the  pro4lucticm  of 
forms,  the  seat  of  the  lesion  must  l)e  referred  to  the  nenuuii  i 
r&ther  than  to  the  nerve  tninks. 

Tlie  t*irciimscri1>f*d  fonns  of  scleroderma  pi  ^ 
to  tliose  of  the  diffuse  form ♦  save  that  the  skin 
to  certain  arejus,  CJeueral  symptoms  are  nuit  h  !•  -  pnmcmncied,  al* 
thnut^h  tingling,  neuralgic  pains,  hyt)enesthesia,  or  olbar  signa  in- 
dicative of  nenous  involvement  may  lie  present  The  patdiaa  irar^r 
greatly  in  size  and  in  shape.  Thus  they  may  be  so  small  aa  to  be 
readily  covered  by  the  tip  of  the  finger  or  so  large  that  tliey  can  wiib 
difficulty  lie  covered  by  the  hand*  The  patch  may  be  irregnlaflj 
elongated,  rounded*  hy|)er«Bmic»  purplish,  or  violaoeotia  in  ectlor.  All 
ahadee  of  pigmenhition  may  be  present*  At  other  timea  no  tgm»  of 
pigmentation  can  be  seen,  the  surface  being  absolotdy  whiti>*  Tba 
patch  may  sometimes  have  a  waxy,  at  other  times  an  irory  appearaiioa. 
Some! imes  it  is  smooth  and  shining,  at  other  times  dull  in  ap|X 
anoe.     Xot  infrequently  it  is  discolDred  It^  ^  ellowisli  Tjatrbes  of  di 
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epidermis.  At  an  early  stage  it  may  be  slightly  elevated,  but  later 
during  the  atrophic  i)eriod  it  may  be  either  on  a  level  with  the  sur- 
roaoding  skin  or  slightly  depressed.  It  may  become  excessively 
thin  and  contracted  or  may  present  the  appearance  of  parchment. 
Li  some  cases  the  patches  present  the  appearance  of  elongated  de- 
preesed  cicatrices. 

Morbid  Anatomy. 

When  we  come  to  analyze  the  posi-mortem  findings,  we  find, 
first,  as  to  distribution  that  the  changes  are  by  no  means  limited 
to  the  skin  and  subcutaneous  tissue.  As  we  have  already  seen, 
changes  in  the  joints  and  in  the  tissues  about  them  can  be  infen-ed 
from  many  of  the  clinical  phenomena,  and  is  well  shown  in  Boeut- 
gen  pictures.  That  changes  in  the  joints  occur,  particularly  about 
the  hands,  has  been  demonstrated  more  especially  by  Legrange,  who 
observed  in  sclerodactyle  union  of  apposed  joint  surfaces  by  fibrous 
tissues,  loss  of  articular  cartilage  and  calcareous  deposits  in  the 
fibrous  tissues  about  the  joints.  Similar  joint  changes  were  also 
noted  in  the  case  studied  by  Vemeuil  and  Mirault,  in  which  short 
fibrous  bands  extended  between  the  apposed  joint  surfaces,  and  in 
which  there  had  been  destruction  of  synovial  membrane.  Changes 
in  the  bones,  at  least  of  the  fingers,  are  also  at  times  to  be  in- 
iRrred  from  the  clinical  findings.  Actual  ex9.mination  of  the  tissues 
has  levealed  in  the  hands  of  Wolters  an  interstitial  inflammation  of 
the  bone,  while  Lagrange  describes  a  disseminated  inflammation 
affecting  periosteum,  bones,  and  joints.  Changes  have  also  been 
noted  in  the  muscles  and  other  tissues.  Foullerton,  who  examined 
the  amputated  leg  of  a  case  of  scleroderma,  infers  from  the  wide- 
ipiead  character  of  the  change  that  scleroderma  is  primarily  a  dis- 
use of  genetically  related  groups  of  tissues  of  mesoblastic  origin; 
Oiat  is,  of  the  derma,  the  subcutaneous  tissue,  the  muscle  fibres,  and 
ihe  fibrous  capsules  of  the  joints.  Varied  changes  have  infrequently 
been  noted  in  tissues  other  than  those  here  mentioned.  They  api>ear 
to  be  without  special  significance,  and  have  been  noted  in  the  lungs, 
the  heart,  the  liver,  the  peritoneum,  the  kidneys,  the  spleen,  the  in- 
testine, and  the  aorta.  Cardiac  changes  seem  to  have  been  noted 
lather  more  frequently  than  others.  Thus  out  of  twenty-eight  cases 
collected  by  Lewin  and  Heller  some  change,  such  as  hypertrophy, 
degeneration,  myocarditis,  or  pericarditis  were  noted  in  fouiieen  cases. 

The  result  of  the  microscopical  examination  of  the  skin  in  sclero- 
derma is  well  known,  and  consists  of  an  increase  of  the  connective- 
tissue  elements,  together  with  sclerotic  or  inflammatory  changes  in 
the  blood-vessels.     That  similar  changes  take  place  in  other  tissues 
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is  Dot  only  probable,  but  eWikot  frora  tb«*  examiiiAtioiu»  wbida  bavit 
tbus  far  \yeen  made.  It  in,  however,  extremely  cbnibtful  whutlier  tkiH 
affBctiou  cao  l»e  considered  priraarily  as  a  sclerodia.  Ortainly  the 
pbenomena  pre^cinted  by  I'ases  in  whiub  w©  hare  a  recuriitiK»  or  •« 
a  shifting  infiltrutiim,  ami  which  8ometime8  ;nt8  or  yielila  Qpoii 
aiBtent  pressure.  show«  that  we  have  every  reastm  t*)  Indie^^f^  tliM 
cbauges  found  in  the  tisdues  microscopieally  are  temiiiiaJ  el 
The  clinical  phenomena  certiiinly  justify  the  infenaKH?  that  pnmAirilj 
the  connective  tissue  is  iutiltrated,  swollen,  or  enlarged-  TIi«  siQiile 
fact  that  the  infiltration  may  vary  considerably  from  tiuMi  to  tiiniip 
that  at  times  the  skin  is  soft  and  flexible,  and  at  others  deOMljr  infil- 
trated, shows  that  some  variable  or  clianging  proeeaa  not 
with  that  of  a  primary  sclerosis  is  at  work.  That  a  change  does  1 
p\ii€B  in  the  connet'tive  tissue  other  than  a  primary  BclercMttil  ini 
hekl  by  Ijewin  and  Heller,  who  regard  it  as  very  conceivable  thil  J 
enlargement  of  the  individual  fibres  of  connei^iive  iiBSoe  tlo|)an4lii  it| 
their  infiltration  with  an  alhnminoid  subatamse — m  satoimtioii  wiHi 
gome  coagulable  material.  Unna  holda  that  the  changes  are  pri- 
marily in  the  connective  tissue  and  esf)ecially  in  its  intax^ceUahr  cir 
gi'ound  substance. 

A  view  that  presents  itself  as  plausible  is  that  the  primaij  i 
in  sclennlerma  is  an  increase  or  chemical  mtMlitication  of  the  eol 
of  the  skin  and  subjacent  tissnes.  Certainly  the  initial  cl 
]>earB  to  be  a  BwelUng  and  infiltration  of  th(^  collageuio  tlMi 
Imve  here  a  certain  analogy  between  this  disease  and 
Tliat  myxcedema  is  accompanied  by  oonnective-tisaoa  chimgeSt  aad 
that  there  is  also  an  infiltration  of  the  connective  tisane  with  mncin^ 
a  substance  normally  present  in  the  intercellular  or  ground  sabntAnett. 
is  well  known,  and  it  would  seeTu  that  just  n»  in  myxaxlema  thm  is 
an  increase  of  the  intercellular  mucin,  so  we  have  in  sderoderaia  4 
increase  of  the  (^)lhigeu  or  sums  us  yet  unknown  chemiosl 
tion  of  this  substance,  which  increases  tlie  bulk  of  tha 
taining  it.  That,  liowever,  these  changes  dilTer  mdieaUy  froiD  the 
changes  in  myxaxlema  is  shown  not  only  by  a  microscoiiic  ftTSWiiiMt- 
tion  of  the  skin,  by  the  symptomatnlogy  and  by  the  elinieal  historyt 
but  also  in  the  difference  following  tlie  mlministration  of  the  Uiynid 
extract.  In  four  cases  co|le<^t*Ml  by  Lewin  and  Heller  no  impfOVUDUial 
followed  the  admiiiistraticm  of  this  remedy,  so  jtoweifnl  in  myx* 
CBdema. 

Whether  or  not  the  change  in  the  conuective*tiiisiie  etopiepts  is 
dependent  upon  the  faulty  a(*tioTi  of  some  ductless  ghiiid»  ss  is  lbs 
esse  in  myxoMlema,  must,  for  the  present  at  least,  renmtn  s  mailer  for 
epeomlation. 
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be  tlieory  that  tlie  cliseaBe  in  a  vasomotor  Leiirosis  exi>laius 
fiiiiK.  It  merely  siaten  in  a  vague  way  that  there  is  some  relation 
V-fwppn  the  changes  in  the  skio  aDil  the  condition  of  the  central  ner- 
>8tem.  That,  however,  some  special  as  yet  unknown  con- 
f*"^  exists  independent  of  the  nenous  system  is  proven  by  the 
facts  of  etiology.  Thus  a  severe  physical  shock  to  the  ner- 
*8vstein  appears  to  be  a  frequent  exciting  cause.  Evidently,  how- 
'»  such  a  cause  cannot  l>e  the  real  factor  at  work,  for  in  such  case 
derma,  instead  of  beiug  a  rare  aiieetinn,  would  l>e  an  exceedingly 
Qon  one.  It  would  lie  as  common,  indeed,  as  traumatic  nenras* 
it.  The  same  is  true  of  j>sychic  shock.  Certainly  scleroderma 
^t  1)6  looked  upon  as  among  the  rarest  of  tlie  seqiielee  of  pKvchic 
I  ■*^^*k,  and  so  it  is  with  the  cases  which  follow  exposure  to  cold.  If 
I  were  a  potential  factor  in  the  production  oi  scleroderma,  how 
Don  an  atfection  it  would  be!  Every  winter,  every  cHmate,  every 
atton  in  which  exposure  to  cold  was  attendant,  would  liring  with 
^t  a  historv  of  scleroderma.  Such  a  relation,  it  is  needless  to  say^ 
^opji  Eot  exist.  Other  causes  which  are  every  now  and  then  assigned, 
icii  as  muscular  overexertion,  severe  lalx>r,  menstrual  diHturbances, 
I  |«pe^xisting  infectious  diseases,  need  only  to  be  mentioned  to  show 
[im  rare  they  must  be.  The  findings  as  regards  the  urine  and  the 
Wood  have  ab-eady  I^een  dwelt  upon  and  do  not  apjiear  t<j  he  enpe- 
didly  significant-  As  already  stated,  in  one  case  studied  b3'  the 
writer  in  the  (eJematous  stage  an  excess  of  waste  products  was  being 
eKminated,  wdiile  in  another  studied  in  the  atrophic  stage  the  waste 
proilucts  w^ere  enormously  diminished.  Especially  was  this  trne  of 
the  urea.  The  increase  in  the  leucocytes  occasionally  observed  in  the 
Wood  has  a  general  significance  only,  as  has  the  presence  of  albu- 
ffloses. 

Diagnosis. 


The  diagnosis  of  scleroderma  rarely  presents  any  diffit'ulties.     In 
the  diffusa  fr*rm  attended  with  tedema,  a  superficial  resemblance  to 
myxnedema  is  iierhaps  suggested.     However,  the  marked  diflereuce 
m  tlie  character  of  the  infiltration,  which  in  scleroderma  is  resistant 
and  in  myxojderaa  is  soft  and  yiehling,  would  enable  us  to  distin- 
guish Ijetw^een  the  two  affections.     Further,  the  countenance,  in  spit© 
the  swelling,  is  entirely  different  in  the  two  affections.     In  myx- 
dema  the  i>atient  presents  a  sleei>y,  puffy  look,  while  the  face  has 
e  appearance  of  a  full  monn.     In  scleroderma  tlie  face  has  a  mask- 
Le  expression  in  which  there  is  no  trace  of  somnolence.     In  myx- 
dema  ako  the  liands  li«f^cf>me  broadened  an''  "  igers  thickened, 

lasage-shaped,  or  clubl^ed.     In  scleroder  dther  remain 


m 


DERCUM — TROPHONRUItOSSa. 


unaffected  or  present  sooner  or  later  the  conditioi)  aliave  tlegcribed 
ae  aclerotlactyle  wbicli  is  so  olinraeteristic  as  not  to  {>^rtiiii  of  error* 
In  myxcedema  also,  the  hair  becomes  tliin  and  brittle.  Tbia  is  not 
the  case  or  very  rarely  the  case  in  seleriKlerma.  lii  the  atrophic 
period  of  diffut^e  scleroderma,  as  we  have  seen,  the  eoanleoaooe  b^ 
csomes  so  changed  as  to  he  pathc>gnoinoni(%  and  confosiou  with  loyx- 
cedema  or  other  affections  is  impossible.  The  circui]i8cril»e<il  fonm 
of  scleroderma  also  present  little  or  no  difficulty,  and  fnr  Iho  ituiim 
necessary  to  diagnosis  the  reader  is  referred  to  the  section  an  syiii|H 
tomatology.  There  is  but  one  affection  with  which  it  cuuld  bo  con- 
founded and  this  is  progressive  facial  hemiatrophy,  Tbo  mym^ 
toms  presented  1»y  tlie  latter  tlise^He  so  <*l<)sely  r«tiiemble  tboM  of 
scleroderma  ciroumHcripta  that  many  physicians  reigard  llieiii  as 
being  the  same  disease.  The  disease  generally  begins  in  the  dMri- 
butiou  of  the  trifacial  nerve.  As  a  rale  a  whitish  patch  is  noled  awm 
tlie  cheek  or  ovar  the  lower  jaw  or  near  the  zygomatic  proeefui.  The 
pak^h  feels  liartl  aud  seems  to  have  lost  its  elasticity.  Oimdfulljr  ii 
becomes  firmer,  more  dense,  and  l>egins  to  Hink  below  iha  ganend 
level  of  the  suiTounding  skin.  Huun  a  pit  or  depn^tssion  is  fonoied 
which  is  <iuite  marked.  Gnidually  the  subjacent  tisanda,  mofielfiii,  sod 
bcmes  become  atrt)phied,  apparently  Ijeeause  of  the  proggny  vt  tlM 
hardened  iiiul  contracting  skin  above*  The  reader  will  obtteinre  tint 
the  differeutiatitm  between  scleroderma  and  hemifacial  AtjY>phy  is  not 
by  any  means  clear  and  tliat  after  all  hemiatrophy  maj  be  a  otromn- 
fw^ril^  form  of  sclenxlerma.  From  wliat,  however,  is  known  of  beiiii* 
facial  atrophy  it  api^^eare  to  de^xiud  upon  some  perverted  or  debeliTe 
action  of  iropinc  fibres  in  the  trigeminal  nerve,  and  there  W0old  a^ 
pear  to  1hi  a  chmer  relati<m  to  iier\o  distribution  in  this  inrtaocse 
is  obsened  ordinarily  in  scleroderma. 

pBoaNosm. 

As  already  stated,  scleroderma  either  tenninaies  in  leeofety 
improvement,  or  it  progressively  increases  in  severify  nntU 
The  relative  freciuency  of  these  results  has  also  been  staled  above 
(p«  51^)).  It  is  imiK)ssible  in  given  cases  to  pnxlict  which  of  fhfuie 
results  wiU  ensue.  Gnidual  softening  and  resolution,  together  witli 
improvement  in  the  general  bodily  condition,  are  to  bo  fegarded  aa 
of  gcxKl  omen.  Rapid  disapf>earanc^  of  iuduration  is  to  be  leganlsd 
perhai^s  with  apprehension,  inasmuch  as  we  are  aware  that  ft 
lead  to  excessive  atrophy  of  skin  and  |>erhaps  to  destmelioii  of 
jacent  tissues.  Data  for  accumte  pn>gnosis  are  not  pnivient  in 
ease.     The  prognosis  of  solettxiiictyle  is  almost  always  tmlav 
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It  should,  however,  be  borne  in  mind  that  cases  in  a  very  early  stage 
may  undergo  spontaneous  recovery,  but  that  if  the  parts  have  been 
more  or  less  fixed  for  a  long  time  recovery  is  practically  impossible. 
Sderodactyle  must  be  regarded  as  largely  a  terminal  condition. 

Treatment. 

Every  plan  of  treatment  presupposes  some  special  knowledge  of 
ihe  pathology  of  the  affection  with  which  we  have  to  deal.     In  sclero- 
derma, however,  as  we  have  seen,  definite  pathological  data  are  still 
wanting  and  we  are  forced  to  rely  upon  general  measures.     Occasion- 
ally definite  good  seems  to  ensue  upon  the  proi>er  application  of  tlie 
latter.     Thus  massage  and  passive  movements  seem  at  times  to  assist 
in  the  resolution  of  the  infiltration  and  in  preventing  the  fixation  of 
parts.     That  they  do  good  in  many  cases  there  can  be  no  doubt.     In 
others,  however,  especially  if  the  measures  be  applied  too  vigorously, 
they  seem  to  do  harm.     Hydrotherapy  has  also  been  emi)loyed  but 
with  distinctly  less  benefit  than  massage.     General  tonic  remedies  are 
also  indicated.     The  diet  and  digestive  tract  also  should  be  carefully 
watohed.    As  a  rule  patients  suffering  from  scleroderma,  especially 
of  the  diffuse  form,  do  better  uix)n  a  diet  which  is  plain  and  unstim- 
nUHng  and  to  which  milk  has  largely  been  added.     According  to  the 
case,  also,  various  forms  of  exercise  should  be  instituted  and  the  re- 
Btricted  motions  of  the  various  joints  restored  as  much  as  possible. 
We  should  also  take  the  hint  afforded  by  the  quantitative  examina- 
tion of  the  urine,  namely,  that  the  output  of  waste  products  is  de- 
fective, and  should  give  liquids  in  relatively  large  amounts  so  as  to 
promote  their  excretion  by  the  kidneys.     Thyroid  extract  which  is 
so  potent  in  myxoedema,  api)ears  to  l)e  of  little  value  in  scleroderma. 
In  some  cases,  however,  it  has  lx»en  given  with  apparent  benefit,  es- 
pecially in  the  early  or  oedematous  stage,  but  it  is  i)robable  that  this 
apparent  benefit  is  the  result  not  so  much  of  the  action  of  the  thy- 
roidin  upon  the  infiltration  as  of  the  atrophy  of  the  subcutaneous  fat. 
In  four  cases  collected  by  Lewin  and  Heller  no  benefit  followed  the 
use  of  the  thyroidin.     We  should  remember,  also,  that  the  remedy  is 
c&x)Able  of  great  harm — that  by  reason  of  its  dostnictive  action  on  fatty 
tissue  it  may  hasten  and  favor  to  a  dangerous  degree  the  progressive 
emaciation  of  the  patient.     It  is  furthermore  to  be  borne  in  mind 
that  thyroid  extract  is  a  ])owerful  febrifacient,  es]>ecially  if  used  in 
large  doses.     If  we  give  thyroidin  at  all  we  should  give  it  in  small 
doses  and  should  carefully  study  the  temperature  of  the  ])atient,  and 
at  the  first  indication  of  fever  the  drug  should  be  witlulrawn. 

The  treatment  of  the  special  syinptoins  must  l)e  biised  upon  gen- 
eral principles.     The  neuralgic  pains  should  be  controlled  so  far  as 
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ix>^sibl©  by  tlie  coal-Ur  deri%'atives;  mori>hinG  should  only  exe^fK 
tionally  be  used.  The  juiiit  paiiiB  wlien  [>reseut  «pi>mr  to  h»  fnvor* 
ably  itiduenced  by  the  HHlicylates  aud  by  i>ij)eriiz]u.  Bhoald  fnunftil 
ulcera  make  their  n[>i>fMirHOce  they  should  be  treated  by  s^^tlative  %^ 
plieatioii8  and,  if  iic^ceasary,  by  the  local  use  o(  ooctiine.  Liaise  iilci«n 
are,  aa  we  have  alreiwly  iLi<lii'Hk*d,  very  iufre4|iit*ut  Mmsh  mem 
common  are  sliglit  xdcern  tdK)iit  tlie  jointii  of  the  fingexB  in  emmm 
of  flclerodactyle.  These  leeiims  which  are  evidently  trophic  iu  cbar^ 
acter,  heal  with  ^^reat  diffitndty,  even  under  antiaeptic  prM»iitiotia* 
The  writer  hnn,  Ixowever,  had  f<»DRidembIesttcoee8  in  the  Ireditiamit  ol 
the  uleerfi  by  saturating  their  surfaces  with  boTiuine  or  by  apply* 
iuK  pled^'ets  of  etttt^m  wet  with  this  preparation.  After  a  loini^or 
hhorter  i>erio<l  grauulatious  appear  and  soon  reach  the  geocml  kvd 
of  the  skin,  when  an  epithelial  covering;  is  formed  and  nothing  hat  a 
sTiiall  white  patch  finally  remains  to  indicate  the  former  prcneuce  <if 
the  ult-er. 

All  measures  which  ten<l  to  increase  the  body  w^bi  nbo  hfcir 
improvement^  and  in  cases  iu  which  the  disease  apf^eam  to  haviOl 
to  a  staiiilstill  a  nicHlirted  form  of  rent  ti'eatment  may  lie  in 
Ab  stated  in  the  section  on  symptomatology,  the  weight  of  tha  ; 
is  as  a  rule  far  Inflow  normaL  It  is  notiieable  that  an  inerotH^  of 
weight  is  followed  In  a  niarkeil  im|)rovement  iu  the  skin  aod  otiMm 
surface  stnictun^K.  This  is  shown  es|iecially  by  a  more  lajnirijiiil 
growth  of  the  hair  and  in  a  more  rapid  growth  and  healthier  apfieiir- 
auro  of  the  nails. 

In  many  crises  no  matter  what  meaaurea  we  institute,  the  iUjuhmmi 
steadily  progresses,  joint  after  joint  may  liecome  fixed  and  dbtOfftod 
until  finally  the  patient  is  utterly  una1>)e  to  attend  to  bia  pntfiMl 
wants.  These  results  may  follow  even  if  massage  and  paaaifo  or 
active  movements  have  l»een  faithfully  |)er«i»tcil  io. 


ACROMEQA1.Y. 


Acromegaly  is  a  disease  which,  as  the  name  impltee, 
its  ])rincii>al  symptom  an  enlargement  of  the  ends  or  extremitm  of 
tlie  b«><ly.  It  was  first  described  by  P.  M^ie  in  1H8I>  anil  ti  is  laon* 
sei[uently  also  known  as  Marie's  disease.  Von  BeckUnghaoMll  luM 
proj>osetl  the  term  fjachyachrie—thickness  of  the  i*nds  of  th€»  Imdy — 
but  this  has  not  come  into  general  use.  Acromegaly  ia  a 
aflectirm,  in  which  espe<:ially  the  hands,  the  feet,  the  bu:se,  and  the  1 
become  greatly  enlarged.  The  enlargement  ia  not,  howeTfir«  United 
to  the  extremities,  but  involveii  to  varioofl  degrees  other  poctioai  ol 
the  bodv  as  welL 
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Since  Marie's  original  description  ap|)eared,  numerous  cases  have 
been  reported  and  various  articles  have  been  written  on  the  subject. 
The  most  important,  however,  are  an  exhaustive  treatise  upon  the 
affection  by  Souza-Leite  in  1890,  an  exceedingly  valuable  article  by 
Dr.  Joseph  Collins  of  New  York  in  The  Journal  of  Nervous  and  Men- 
tal Disease^  December,  1892,  and  January,  1893,  and  an  able  sum- 
mary by  Osborne  in  the  "  Reference  Handbook  of  the  Medical  Sci- 
ences," Vol.  IX.,  1893. 

Etiology. 

Nothing  special  is  known  regarding  the  etiology  of  acromegaly. 
In  the  first  place  it  may  be  stated  that  heredity  plays  no  role  what- 
ever, nor  can  any  other  element  be  traced  in  the  family  history.  For 
instance,  the  writer  has  studied  cases  of  well-marked  acromegaly 
CK*carring  in  families  in  which  the  other  members  were  absolutely 
normal  and  in  which  no  nervous  or  mental  disease  can  be  traced.  It 
is  not  uncommon  for  the  brothers  or  sisters  of  an  acromegalic  patient 
to  be  small-limbed  and  small-boned,  so  that  the  patient's  appearance 
is  strikingly  different  from  that  of  the  rest  of  the  family.  As  regards 
sex  it  is  evident  from  the  facts  at  our  command  that  the  disease 
oecnrs  ecjually  among  males  and  females.  It  may  also  occur  in  any 
race,  no  race  being  exempt.  It  usually  begins  in  early  adult  life,  the 
majority  of  cases  being  discovered  between  twenty  and  forty  years  of 
age.  Sometimes,  however,  it  is  noted  in  early  adolescence  or  shortly 
after  puberty.  It  is  said,  indeed,  even  to  occur  in  infancy.  Old  age, 
on  the  other  hand,  is  not  exempt.  It  has  been  known  to  develop 
after  sixty  years  of  age.  No  congenital  factors  appear  to  play  a  part 
in  the  evolution  of  acromegaly,  nor  do  any  of  the  diseases  of  child- 
hood or  adolescence.  Indeed  it  may  be  stated  that  no  facts  of  im- 
portance relative  to  other  diseases  can  be  elicited  from  the  personal 
history.  Thus  infectious  diseases,  trauma,  shock,  and  emotional  dis- 
turbances play  no  part  in  the  evolution  of  this  strange  disease.  It  is 
true  that  occasionally  such  an  apocryphal  cause  as  rheumatism  or 
malaria  is  assigned  by  the  patient,  but  in  reality  these  affections  bear 
no  relation  to  acromegaly.  In  like  manner  as  in  other  affections  of 
obscure  origin,  such  vague  causes  as  overwork  and  exi)osure,  hys- 
teria, and  alcoholism  have  been  recorded  as  playing  a  role.  As  might 
be  expected  it  occasionally  occurs  along  with  other  affections,  but 
these  are  so  various  that  no  connection  between  them  and  acromegaly 
can  be  made  out.  Thus,  it  hjis  been  seen  occurring  with  diseases  of 
the  spinal  cord,  such  as  locomotor  ataxia  and  syringomyelia,  and  also 
with  the  various  psychoses.  Sometimes  it  has  l^een  noted  along  with 
other  diseases  with  which  a  possible  relationship  is  at  first  sight  sug- 
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j^eatedj  sucli  as  elephantiaBis,  ^igaBtism,  and  arthropatliie^,  but] 
definite  relation  can  l>e  shown  tt)  exist.     In  short  no  oonclusioM  { 
be  drawn  in  the  present  state  of  our  knowledge  relative  to  iJoA  I 
of  origin  or  primary  catisatioo  of  acromegaly. 


Symptoms, 

It  is  very  difficult  as  a  rule  to  fix  the  time  of  onset  of  the  sil 
toms.     The  disease  begins  so  gradually  that  frec|aently  eevenil  ji 


Fio.  '»7.— AcmmeKftly  f  from  a  photoKnipli), 

pass  by  without  the  Mffection  being  recognized.     The  fi 
jiatitnjt,  if  tlie  iurn^iise  in  size  of  the  face  and  han 
attention,  are  afit  to  imagine  that  he  is  of  iinii^ 
nient,  and,  as  was  the  case  in  one  of  t^ 
must  be  Vf ry  strong.     It  frequently 
disco verpcl  until  sonie  ineideutal  i 
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leads  the  patient  to  consult  a  physician.     At  other  times  the  affection 
is  discovered  merely  by  accident.     Thus  two  cases  described  by  the 
writer  were  discovered  by  him  on  the  street  and  had  not  presented 
any  symptoms  suggesting  medical  care.     Wliile  the  api)earance  of 
the  acromegalic  subject  is  often  such  as  to  suggest  to  the  superficial 
observer  great  strength  (see  Fig.  67)  the  first  symptom  noted  is  fre- 
quently the  great  disparity  between  the  size  of  the  limbs  and  the 
amount  of  strength  revealed.     We  learn  also  that  subjectively  the 
patient  experiences  a  sense  of  weakness  which  is  at  times  quite  pnv 
foand,  and  this  frequently  leads  to  a  general  indisposition  to  exertion. 
In  a  few  recorded  cases,  however,  it  should  be  stated  that  strength 
appears  to  have  been  somewhat  increased. 

In  addition  to  the  striking  enlargement  of  the  face  and  hands, 
which  are  among  the  earliest  facts  to  attract  our  attention,  it  is  noted 
that  the  attitude  of  the  patient,  in  the  well-developed  disease,  is 
quite  peculiar.  He  stands  with  the  head  thrown  forwards  and  with 
the  chin  slightly  tilted  ui)wards,  while  the  back  is  "  humped"  by  a 
more  or  less  marked  cervicodorsal  kyphosis.  The  shoulders  are 
rounded,  while  the  arms,  owing  to  the  spinal  curvature,  are  appar- 
ently increased  in  length  and  often  add  strikingly  to  the  clinical  pic- 
tore.  Owing  to  the  spinal  curvature  also,  the  stature  becomes  les- 
sened—^sometimes  to  a  marked  degree. 

On  seeing  a  case  of  acromegaly,  as  just  stated,  we  are  at  once  im- 
pressed by  the  massiveness  of  the  features  and  by  tlie  enormous  size 
of  the  hands  and  feet.  We  obseiTe  that  the  nose  is  very  large  and 
that  the  chin  projects  to  an  unusual  degree,  that  the  cheek  bones  are 
exceedingly  high,  that  the  supraorbital  ridges  are  unusually  promi- 
nent, while  the  face  as  a  whole  has  very  unusual  length  and  breadth. 
In  like  manner  we  are  impressed  with  the  great  breadth  and  unusual 
thickness  of  the  hands  and  fingers,  and  when  we  turn  our  attention  to 
the  feet  we  find  that  they  likewise  are  of  excessive  size.  When  we 
qnestion  the  patient  he  tells  us  that  he  has  noted  for  a  long  time  past 
that  his  head,  hands,  and  feet  were  growing  larger.  He  may  say  that 
he  has  constantly  been  required  to  buy  larger  hats,  larger  gloves,  and 
hirger  shoes,  and  yet  this  change  is  so  gradual  that  the  patient  is  as 
a  rule  unable  to  fix  a  time,  even  api)roximately,  when  the  disease 
began  to  make  its  appearance.  Valuable  information  can,  however, 
occasionally  be  obtained  on  this  point  from  old  photographs,  and 
frequently  it  is  possible  by  this  means  to  fix  the  ages  between  which 
the  enlargement  first  made  iis  appearance.  Wlien  tlie  patieut  seeks 
medical  advice  it  is  most  fretpiently  because  of  headaclie,  which  in 
a  large  number  of  cases  is  a  prominent  symi)toui.  It  is  apt  to  be 
more  or  less  constant  and  of  increasing  severity  and  suggests  sooner 
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or  later  headache  of  orgauic  oriKiu*  It  ia  moat  frequenUy  frtmuL 
though  with  time  it  geuerally  becomes  widely  diffiUriML  At  titnei 
intitead  of  Leaduclie  or  ocoiirriiig  witJi  it  the  patient  soffecs  feoin 
paiiLS  in  the  joiDt**,  or  frum  curious  paraf«theiiife,  or  frooi  m  wmum 
of  weight  aud  rli  comfort  in  the  legs  and  anofl.  Not  iufreqiiiiiiijr 
among  the  early  symptoiUM  noted  are  dlBtiirbaaoes  of  fisioQ  aad 
curious  defects  of  the  viBual  field.  Any  one  of  these  aympioiiw  nmj 
cause  the  patient  to  consult  a  phygiciau  and  thua  li^ad  to  tli6  dia- 
covery  of  the  dinease. 

When  we  inquire  int«3  the  { previous  hiHtory  vt  a  oaM  iw>  am  likely 
in  iind  it  negative  save  iK>sgibly  as  to  the  progreasive  incTBiiaQ  io  tiia 
si^e  of  hands  and  feet,  Tii  women,  however,  the  djaapyieaimpoa  of 
tlie  mensem  is  noted  and  tiiii^  i^  as  a  rule  an  early  symptoni*  In  asoi 
diminution  or  loss  of  sexual  power  may  be  oliserved.  Barely  va  ob» 
tain  a  history  of  profui^e  and  recurring  epistfixis.  More  treqmBoOj 
a  history  of  somnolence  is  present  and  this  may  occur  aa  a  v^tf  fm^ 
Bounced  symptom,  the  somnolence  extending  over  days  and  oAeo 
weeks. 

Among  interesting  symptoms  observed  in  the  latiger  number  of 
caaea  of  acromegaly  are  increased  thirst  and  incseaaed  appalilaL 
Sometimee  the  amount  of  food  consumed  is  very  great,  while  tiiirat  ta 
increased  to  such  a  degree  as  to  suggest  the  thirst  of  diabetes.  Tbia 
symptom  often  attracts  the  attention  of  the  patient  more  forcibly  Ibaa 
the  increase  of  ap|>etite  and  he  may  mention  the  fact  vi^l  '   ,     In 

keeping  with  this  increased  thirst  the  amount  of  uin  h?d  ia 

greatly  increased,  as  is  also  the  perspiistion.  Thiii  ta  a{}i  to 
l>e  excessive,  especially  al>out  the  head  and  neck.  In  a  very  aoMiO 
iiuml)er  of  cases  sugar  has  U^eu  found  in  the  urine  and  in  a  aHD 
smaller  numl>er  albumin.  Tliese  facts  are,  boweYer»  without  apeisiat 
significance. 

When  we  examine  the  patient  in  detail  we  note  that  the  nose  ia 
massive,  though  as  a  rule  it  is  not  distorted.  The  incroaae  in  mm 
appears  to  affect  all  of  its  tissues,  the  nasal  bones,  the  naaal  oaiti*' 
lages,  an<l  the  soft  parts;  all  are  much  thickene<l  and  the  atttarior 
nares  are  wide  and  unusually  capiR*ious.  The  sixe  of  the  lower  JMT 
is  ]>erhapB  the  second  niont  Htriking  feature.  The  body  of  the  booa 
appears  to  have  grown  greatly  ;  it  has  evidently  become  broader  and 
thicker,  es|)ecially  the  alveolar  portion  and  the  chin*  The  enla>||^ 
ment  generally  involves  the  rami  less  than  tbe  other  puftioiiai 
although  occasionally  enlargement  of  the  rami  is  alao  notad. 

As  might  be  inferred,  the  teoth  of  the  lower  jaw  fi««come  displaced, 
e8|>ecial]y  tbe  incisors,  which  are  carried  forward  so  that  in  deaUDC 
tiie  jaw  the  lower  incisors  are  no  longer  overlaf>|>ed  by  tbe  npper  in* 
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cisors  but  project  beyond  tbem.  The  space  between  the  teeth  is 
often  increased  so  that  in  advanced  caseH  they  seem  to  stud  the  gum 
at  intervals.  Sometimes  loss  of  the  teeth  ensues.  The  teeth  are  not 
involved  in  the  enlargement,  though  in  a  case  described  by  Cenas 
in  which  the  disease  appears  to  have  been  congenital,  the  teeth  also 
were  increased  in  size.  The  supraorbital  ridges  are,  as  already 
stated,  much  thickened  and  very  prominent,  and  this  causes  the  fore- 
head to  appear  low  and  retreating.  The  malar  bones  are  exceedingly 
prominent  while  the  cheeks  themselves  are  flattened  and  drawn.  The 
lips  are  invariably  enlarged,  especially  the  lower  lip  which  is  always 
liypertrophied  in  excess  of  its  fellow.  It  is  much  thickened  and 
sometimes  everted.  The  nasolabial  folds  are  often  accentuated,  giv- 
ing an  expression  of  grief  to  the  x>atient.  The  skin  of  the  forehead 
and  face  is  thickened  and  coarse  and  is  often  darkened.  Other  struo- 
tnres,  such  as  the  eyelids  and  ears,  also  usually  partake  in  the  gen- 
eral increase  in  size.  This  is  less  noticeable  as  a  rule  of  the  eyelids 
than  of  the  ears,  but  the  latter  are  sometimes  strikingly  enlarged  and 
this  enlargement  appears  to  be  due  not  only  to  the  hypertrophy  of  the 
skin  but  also  to  the  cartilaginous  structures.  The  upper  jaw  and  the 
other  bones  of  the  face  do  not  as  a  rule  take  part  in  the  enlargement 
— at  least  they  do  so  to  a  relatively  small  extent.  In  many  cases,  it 
cannot  be  denied,  tlie  superior  maxillary  bone  is  enlarged,  but  this 
enlargement  is  never  in  proportion  to  that  of  the  lower  jaw,  the  nose, 
or  the  cheek  bones.  Sometimes  the  eyeballs  are  unusually  promi- 
nent BA  though  they  themselves  were  enlarged  or  as  though  the  cavity 
of  the  orbit  had  been  diminished  by  overgrowth  of  bone.  In  other 
cases,  again,  the  eyes  appear  less  prominent  than  normal.  At  times 
they  appear  even  retreating  and  deeply  set,  apparently  because  of  the 
increase  in  size  of  the  supraorbital  ridges,  the  malar  bones,  the 
zygoma,  and  the  nose. 

When  we  ask  the  patient  to  protrude  his  tongue  ^ve  find  that  the 
latter  is  also  hypertrophied,  sometimes  enormously.  It  is  exceed- 
ingly broad  and  thick  and  this  increase  in  size  may  give  rise  to  a 
certain  awkwardness  and  clumsiness  of  speech,  the  latter  becoming 
somewhat  slow  and  indistinct,  especially  as  regards  syllables  in  the 
formation  of  which  the  tongue  is  especially  concerned.  The  tongue 
is  rarely  smooth,  more  frequently  it  is  deeply  furrowed.  As  a  rule 
it  presents  the  indentation  of  the  teeth.  Hypertrophy  of  the  half 
arches  and  uvula  may  also  be  found.  Even  the  e])iglottis  and  the 
larynx  may  be  involved  and  in  such  cases  the  quality  of  the  voice  is 
entirely  changed,  becoming  coarse  and  of  lower  i)itch.  The  neck 
mav  be  found  thick  and  short,  but  more  frequently  it  is  dispropor- 
tionately small.  As  already  stated,  it  is  bent  more  or  less  forwards 
Vol.  XI. -35 
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and  takes  part  in  the  anterior  cunature  of  ihe  spine  whtob  ftbo  tiH 
volves  the  doi'sal  region. 

When  we  turn  our  atteution  to  the  hands  we  note  in  tbd  iist  plae* 
that  they  are  excessively  broad  and  much  thickened.  Oftoii  Vbitfy  A{k 
pear  somewhat  lengthened.  In  curious  contrast  with  the 
hands  we  frequently  see,  at  least  in  the  eai'Uer  iierimls  of  tlie 
the  forearms  comparatively  small  or  even  normal  in  siz6»  thoQgli 
on  these  also  may  become  massive  (see  Fig.  57).  As  a  rele^  liowsfv, 
the  forearm  is  relatively  small  and  the  enlargement  of  the  hands  iii 
therefore  the  mfjre  striking.  The  joints  of  the  hands  are  promiiiaiiti 
the  skin,  subjacent  connective  tissue,  and  fat  are  exoesaiveljr  thidEeoed. 
On  the  palmar  surface^  the  transverse  lines  are  seen  Uy  lio  mudl  aoOMp 
tuated.  The  ulnar  border  of  tlie  hand  is  invjiriably  somewlial  man 
Iiypeiirophied  than  the  other  portions.  The  fingers  are  difftiiMljr 
and  evenly  enlarged  and  have  for  this  reason  lx>en  termed  aaniiagp 
shat^d.  The  nails  ap[>ear  to  partake  in  the  enhirgennont  to  a  liM 
degree  than  the  other  structures.  Con8ec[uently  tliey  appear  nla^ 
tively  snialL  They  are  flat,  longitudinally  ridged  or  8lriaiad»  aiMl 
fretineutly  are  brittle.  The  growth  of  the  hair  on  the  donal 
of  the  hand  and  fingers  does  not  appear  to  be  espectallr  inl 
with*  Til  is  is  true  alno  of  the  hair  of  the  head  and  faeou  Wfaett  wff 
turn  our  attention  to  the  feet,  we  find  that  they  present  featam  nini- 
lar  to  those  obsen  ed  in  the  hands.  Not  only  is  the  foot  bftiader  bat 
the  toes  are  thickened,  especially  the  greiit  toe,  while  ibe  haal  pin- 
jectfl  backwartls  to  an  excessive  degrt^e,  giving  a  negroid  appearanisa 
to  the  foot,  Tlie  arch  of  the  foot  also  is  lost,  the  imiteut  beoomief 
more  or  less  flat-footed.  The  malleoli  are  much  hyjiertropliiedt 
the  tendo  Achillis  is  thickened  and  unucsually  prominent.  Tim 
ed^e  of  the  foot,  like  the  ulnar  edge  of  the  hand«  is  espcH^iallir  hyper- 
trophied.  The  great  toe  also  is  more  hypertrophiecl  tlnm  a«  iti 
fellows.  The  skin,  like  the  skin  of  the  hand«*»  is  hy|>erliophi4sd 
and  thickeufnl.  The  nails  are  affected  simikrly  to  Iboae  of  the 
fingers. 

If  we  examine  in  detail  the  trunk,  we  find  as  the  moal 
anomaly  presented,  the  cen-icodorsal  kyphosis  alnmdy  menl 
In  addition  to  this  kyidiosis  some  scoliosiiit  rarely  marked,  tnaf 
noted.     In  examining  the  spinous  processes  it  is  fr6i|Qently 
that  their  ends  are  unusually  thickened  and  prominent. 

The  shoulder  girdle  also  presents  signs  of  invotvementi  Iha  dai 
cle  is  frequently  much  enlarged  and  thickenetl  at  its  alamal  end. 
The  examination  may  also  disclose  that  the  sternum  is  by  p^rtrophied, 
that  it  is  much  broader  and  more  prominent  than  nornml  H% jiettnv 
phy  may  also  lie  especially  eWdent  on  examination  of  the  xvnh< 
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prooess.  In  shape  the  sternum  is  sometimes  found  distorted  and  ir- 
regolar,  owing  doubtless  to  irregularity  in  the  hypertrophic  process. 
As  would  be  expected,  the  ribs  may  also  partake  in  the  hypertrophy. 
They  are  wide,  evidently  enlarged,  while  their  costal  cartilages  feel 
hard  and  inelastic.  Sometimes  their  surface  is  irregular,  numerous 
nodosities  being  present.  The  chest  as  a  whole  is  increased  in  size, 
especially  in  the  anteroposterior  direction.  Contrary  to  what  we 
would  exx>ect,  the  abdomen  is  not  full  and  enlarged,  but  if  anything 
somewhat  flattened.  The  hips  may  also  present  more  or  less  marked 
enlargement.  The  pelvis  as  a  whole  seems  broader  and  the  hip  bones 
are  prominent.  The  pubis  also  is  especially  prominent,  abnormally 
high,  and  hypertrophied. 

Passing  now  to  the  arms  we  find  that  there  is  little  or  no  change 
noticeable  in  the  shoulders,  although  in  a  few  cases  these  have  been 
rex>OTted  enlarged.  The  upper  arm  is  small  or  merely  normal  in 
size.  The  same  statements  are  true,  as  a  rule,  regarding  the  forearm. 
However,  every  now  and  then  the  elbow  is  much  enlarged  as  is  also 
the  lower  third  of  the  forearm.  In  other  cases  again,  as  has  already 
been  said,  the  entire  forearm  is  hypertrophied,  the  hypertrophy  be- 
ing most  marked  on  the  ulnar  aspect.  These  changes  are,  however, 
rather  the  exception  than  the  rule.  The  thigh  rarely,  if  ever,  shows 
enlargement  save  in  the  region  of  the  condyles  of  the  femur.  The 
same  is  true  also  of  the  leg;  although  here  the  malleoli  pai*take  of 
the  general  hyj;)ertrophy  of  the  foot.  The  patella  at  times  is  much 
enlarged. 

Marked  hypertrophy  of  the  i)enis,  of  the  labia  majora,  of  the  labia 
minora,  or  of  the  clitoris  may  exist  and  in  one  of  the  cases  of  the 
writer  the  testicles  were  enormously  enlarged,  attaining  the  size  of 
these  glands  in  the  sheep.     The  vagina  also  may  be  lengthened. 

The  station  and  posture  of  the  patient  have  already  been  suflSciently 
dwelt  upon.  The  station  betrays  no  increase  of  sway.  The  gait  is 
often  lumbering  and  heavy.  The  movements  of  the  arms  and  espe- 
cially of  the  hands  are  clumsy  and  awkward.  TVTien  we  test  the 
XMitient's  strength  we  find  that  he  is  relatively  weak,  the  enlarged 
hand  is  incapable  of  giving  the  powerful  grip  which  its  size  would 
suggest.  This  discrepancy  becomes  at  once  apparent  and  is  in  con* 
sonance  with  the  patient's  statements  of  fatigue  and  incapacity  for 
exertion.  The  muscles  of  a  part,  for  instance  of  the  forearms,  may 
be,  as  we  have  seen,  much  enlarged  and  yet  they  are  soft  and  com- 
pressible. Tremor  or  fascicular  twitching  is,  however,  not  noted. 
The  knee-jerks  and  other  tendon  reactions  present  no  noticeable 
change.  The  electrical  reactions  of  the  muscles  are  normal  as  «ire 
also  those  of  the  nerves. 
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Wheu  we  examitie  the  patient  for  sensory  phenoiuena  we  find  Utrnk 
none  are  present^sd  by  tlie  skiu.  Everywhere  seuMutiou  ia  tmraial, 
but  while  true  ami^Htlxe^ia  is  not  present,  buuiM  objects  mppeftr  not  to 
be  as  readily  recognized  by  the  patient  as  in  health.  When  nm  wot* 
amine  the  special  senaes,  iutereating  changes  may  he  dmcoftnA* 
Especially  is  this  true  of  vision.  Diminution  of  the  visoaI  fioldSt  a 
diminution  which  takes  various  foruiH,  sometimes  that  of  a  bilem* 
poral  liemianopsia,  is  not  infre<^iueutly  present  At  litQi»,  eap^ 
cialiy  in  advanced  cases,  absoluio  blindness  is  noted*  In  othar  €mm$ 
again  the  eyes  api^ear  to  be  relatively  normal.  The  pupila  as  m  mk 
present  no  pecuiliarities,  although  infrequently  tliey  are  fouiul  lo  be 
dilated  and  sometimes  slow  in  their  reaction  to  light  Kysta^iniia 
also  has  bejen  nottxl  in  a  few  cases.  According  to  Marie,  the  optie 
ner\'e  may  at  an  early  stage  present  the  signs  of  a  neuritis.  On  tluft 
other  hand,  optic  atrophy,  more  or  less  marked,  has  not  infrequmillj 
been  found.  As  a  rule,  the  sense  of  bearing  presents  no  anooiaUai 
whatever.  Rarely,  lioweve*,  deafness  is  noted,  and  at  otiier  timei 
tinnitus  aurium.  Anomalies  of  smell  ami  tasts  are  imrely  if  w&t 
observed. 

Among  the  subjective  phenomena  the  symptom  most  £re(|Qeiill; 
met  with  is  headache,  which,  as  already  stated,  is  of  sach  a  cliai^ 
acter  as  to  suggest  organic  intracranial  diseju*e.  In  atljer  cases, 
again,  it  is  either  entirely  al}sent  or  of  so  slight  a  cluiraoter  as  lo  bs 
revealed  only  iu  response  to  questions.  At  other  Unit^  the  paitt  is 
of  great  severity.  Wlien  present  the  headache  is  refen^d  to  the  fora- 
hiuul  or  to  the  top  of  tlie  head,  though  as  the  essa  prnymMfii  it 
becomes  widely  diffused.  Iii  addition  to  the  Ueadaehs  MfomtgaUm 
patients  often  complain  of  pain  io  the  larger  joints,  especially  the  koss 
joints.  Sometimes,  though  leas  freciueutly,  pains  are  referred  to  Ilia 
fingers  or  feet.  Pains,  shooting  in  character,  may  also  ba  refsfved  to 
Tarious  iK>rtions  of  the  trunk.  Numbness  or  pius-and-Dsedla  nnnss 
tions  are  sometimes  noted,  though  they  are  rarely  marked. 

Siimnolence,  which  has  already  been  mentioned^  is  also  a  not  ta* 
frequent  symptom.  The  somnolence  appears  to  come  on  in  attacks 
which  may  last  for  weeks  at  a  time,  the  symptom  being  mitarely  ah- 
sent  in  the  inten^als.  In  other  cases,  again,  it  is  presaot  in  a  fdigbtlj 
marked  degree  all  of  the  time.  The  patient  frerjuatttly  a 
that  he  suffers  from  giddiness,  though  this  ran^ly  amotmlB  to  i 
fsrtigo.  As  a  rule  no  other  symptoms  of  involvement  of  the  i 
system  are  present.  Occasionally,  however,  the  patient  tsdapnassd, 
kyjiochondriacal,  or  melancholic,  or  he  is  markedly  apatlietie,  hsavy, 
and  Indifferent.  Not  infrequently  it  should  l>e  stated  ihsra  is  a  dis^ 
tinct  loss  of  memory.     Dementia,  however,  is  never  noted;  in  fad  it 
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should  be  clearly  impressed  upon  the  reader  that  in  the  larger  num- 
ber of  oaseB  no  mental  symptoms  of  any  kind  are  observ^ed. 

Pathology  and  Morbid  Anatomy. 

As  might  be  expected,  autopsies  upon  eases  of  acromegaly  reveal 
more  or  less  marked  hypertrophy  of  the  bones  of  the  hands,  of  the 
feet,  and  of  the  face — especially  of  the  lower  jaw.  Other  bones  are 
found  enlarged  to  various  degrees.  The  most  interesting  findings,  how- 
ever, consist  in  hyi)ertrophies  of  various  glandular  structures,  more 
eBpecially  of  the  pituitary  body.  This  structure  is  so  frequently 
found  enlarged  that  it  is  difficult  to  resist  the  conviction  that  it  is  in 
some  way  related  to  the  disease.  Marie  suggested  that  the  pituitary 
body  bears  a  relation  to  acromegaly  similar  to  that  which  the  thyroid 
gland  bears  to  myxoedema.  It  should  be  borne  in  mind,  however,  in 
this  connection  that  in  a  very  small  number  of  cases  the  pituitary 
body  has  presented  apparently  no  changes  (notably  a  case  of  Vir- 
cbow).  Numerous  other  glands  occasionally  participate  in  the  en- 
largement, more  especially  the  thyroid  and  the  thymus  glands,  while 
hypertrophy  of  the  lymphatic  glands,  the  spleen,  the  kidneys,  the 
lobes  of  the  liver,  and  even  of  the  testicles  is  not  uncommon.  How- 
ever, as  already  stated,  the  enlargement  of  glands  other  than  the  pitui- 
tary is  so  inconstant  and  relatively  so  infrequent  tliat  these  changes 
must  be  considered  as  of  secondary  importance.  Duluess  on  percus- 
sion over  the  sternum  during  life  was  thought,  especially  by  Erb,  to 
indicate  enlargement  of  the  subjacent  tliymus  gland,  but  the  dulness 
appears  to  be  due  really  to  the  hyx)ertrop]iied  and  thickened  bone. 
The  changes  found  in  the  nen'ous  system  are  inconstant  and  without 
significance.  Marie,  for  instance,  detected  hypertroiJiy  of  tlie  sym- 
pathetic system  and  peri-  and  endoneuritis.  No  changes  of  impor- 
tance are  found  in  either  spinal  cord  or  brain.  The  skin,  as  already 
stated,  is  hypertrophied,  especially  over  the  aflected  portions  of  the 
body.  The  subcutaneous  connective  tissue  may  also  be  increased, 
but  at  a  later  period  it — the  subcutaneous  fat  at  least — becomes  much 
diminished.  Tlie  muscular  tissue  itself  is  as  a  rule  found  atrophied, 
though  occasionally,  as  would  be  inferred  from  the  clinical  facts, 
hypertrophy  of  this  tissue  is  revealed. 

As  regards  the  bones  it  is  noted  that  the  enlargeiuent  affects  prin- 
cipally the  distal  ends  of  the  long  bones  of  the  limbs  and  the  bones 
of  the  carpus,  metacarpus,  and  fingers,  and  of  the  tarsus,  metatarsus, 
and  toes.  It  is  the  spongy  tissue  which  is  principally  affected,  al- 
though the  tissue  of  the  shaft  of  the  long  bones  may  also  be  increased. 
Occasionally,  in  addition  to  the  hypertroi)hy  of  bone,  boDy  deposita 
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may  be  found  in  the  joitit^  and  in  the  cartUn^eii*  Tlie  fart  tJjat  in* 
crease  iu  the  length  of  the  lK>ne  doea  not  take  place  aatre  in  caoai 
aBsociated  with  gigautism,  depeuda  prolmhiy  n|Mvn  tl«^  jn*ri«xl  at 
which  tlie  diseage  begins,  namely,  after  the  epiphysis  and  the  ahafi 
have  become  more  or  lesB  united.  The  examination  of  the  bcMiM  in 
detail  reveals  facts  closely  in  keeping  with  the  clinical  obeeratianA. 
It  should  be  borne  in  mind  that  no  bone  is  free  from  pusaible  iovolft^ 
raeut* 

Examination  of  the  blood  reveals  no  abnormalitiea. 

The  factH  at  hand  are  as  yet  insufficient  to  warrant  a  aatirfarfiiwry 
hypothesis  regarding  the  nature  of  the  disease.  WecAii  fieAScm*? 
without  cornmeiit  the  theory  of  Freund,  that  the  diseaao  in  one  of  de- 
velopment and  consista  of  a  return  to  a  primitive  type,  Hia  theofy 
of  Klebs  that  t))e  thymus  gland  plays  a  special  role  is  nl^o  bnned  upon 
iiLsiiflicient  evidence,  inasmnch  aa  the  nnnd>er  of  caa^*a  in  which  th\- 
mns  enlargement  is  present  is  rektively  small.  The  thtory  of  von 
Becklinghausen,  that  it  is  due  t<:>  a  vasomotor  nearoAis,  is  aomevkal 
more  acceptable,  and  yet,  like  all  general  explanations,  ia  exfseeduiglj 
miflatisfactory*  While  it  is  perfectly  tme  that  many  of  tbe  ajiii|>- 
toms,  Biicb  as  excessive  |>erHpiration,  polyuria,  etc.,  lend  SQppnrt  In 
this  theory,  no  exp1anatit>n  of  the  origin  of  the  neurosis  is  giTon,  nor 
are  we  told  why  this  special  form  of  dystrophy  should  rmuit  imilier 
than  tlie  various  other  trophia  disturljanc^ts  with  which  we  are  dint* 
cally  also  familiar.  At  present  we  are  constrained  to  accept  tbe  Ib^ 
cry  which  was  first  suggested  by  Marie,  namely^  thai  thA  pitnilarj 
gland  plays  an  essential  role  in  this  disease,  Andrieaeen  has  Uinnrti 
Bome  light  upon  the  probalile  function  of  the  pituitary  bodjT  bjr  atnd* 
ies  in  general  morphology.  He  has  shown,  for  inatuieeg  that  tlie 
subn<^ural  gland  in  tlje  larval  amphioxus  is  the  analogue  of  tlie  iiilui- 
tary  body  in  the  higher  animals  and  in  nmn.  Hie  resnlla  are  tlmi 
anmmarized  by  Collins  ("Nervous  Diseases  by  Axoerieaa  Aatltots,'* 
p,  81)3} :  ^  He  believes  that  the  enaenible  of  evidence  prcyvee  that  ihm 
pituitary  gland  is  not  a  simple  structure  having  one  simple  fonctioii^ 
but  a  complex  organ  composed  of  three  parts :  (a)  An  anterior  iiecite^ 
ing  glandular  organ;  (&)  a  water-vascular  tul>e  liutHl  with  ciliated 
epithelium  and  connectiBg  the  buccal  cavity  with  the  temtficW  and 
the  rt3st  of  the  neurid  cavities ;  and  (c)  a  posterior  seoaitafe  nuwmm 
lobe.  The  last  two  are  well  developeil  and  functionate  in  aaoeetral 
vertebrata,  but  become  obliterated  and  atrophied  in  etmofcisre  and 
function  in  all  forms  above  larval  acraniaiee  and  ammocelea.  In  man 
the  posterior  lolie  represents  little  beyond  a  neuroglia  mmnant  of 
wbat  was  once  a  functional  {M^rtion  of  nerve  tissue  in  aneeatral 
farafak.     The  glandular  secreting  portion  (anterior  lobe)  is  the  tvpe  i 
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a  secreting  structure  of  epithelial  cells  arranged  in  lobules  and  acini 
with  many  ducts  opening  into  one  principal  duct.  Its  secretion  is 
carried  with  the  water-vascular  stream  through  the  central  nervous 
system,  and  the  action  of  that  secretion  must  be  either  a  troi)liio  one 
on  the  nervous  tissues  or  it  must  have  a  destructive  effect  to  neu- 
tralize waste  products  resulting  from  the  activity  of  nerve  tissues." 

As  showing  the  findings  in  acromegaly,  the  interesting  examina- 
tion of  a  case  by  Mosse  and  Daunio  {Btdletin  de  la  8octM6  Anaiomique 
de  Parisy  95,  LXX.,  p.  633)  may  be  cited  as  typical.  These  observers 
found  enlargement  of  the  pituitary  body  and  of  the  thyroid  and  thymus 
glands.  The  enlargement  of  the  pituitary  body  appeared  to  be  sar- 
comatous in  character.  The  thyroid  body  presented  several  changes : 
exaggeration  of  the  colloid  substance,  cystic  formations,  and  diminu- 
tion of  vascular  proliferation  of  the  fibrous  tissue.  The  thymus  gland, 
on  the  other  hand,  presented  simply  hypertrophic  enlargement. 

Diagnosis. 

Acromegaly  can  as  a  rule  be  readily  recognized.  The  enormous 
exaggeration  of  the  features  and  the  great  size  of  the  hands  and  feet 
in  well-developed  cases  leave  little  room  for  error.  However,  it  not 
infrequently  happens  that  cases  in  which  the  disease  is  not  far  ad- 
vanced present  themselves.  The  unusual  size  of  the  features,  the 
unusual  development  of  the  special  bony  processes,  such  as  the  supra- 
ciliary  ridges  and  the  inion,  while  the  skull  itself  remains  unchanged, 
should  excite  suspicion.  Similarly  if  the  hands  are  much  larger  than 
normal  and  if  the  fingers,  instead  of  presenting  the  taper  of  normal 
fingers,  are  somewhat  sausage-shaped,  if  the  ulnar  edge  of  the  hand 
is  thickened  out  of  proportion,  especially  if  the  hand  is  excessive  in 
size  as  compared  with  the  forearm,  the  diagnosis  of  acromegaly  is 
practically  certain.  Changes  in  the  face  and  in  the  hands  of  course 
suggest  an  examination  of  tlie  feet.  If  the  feet  are  excessive  in  size 
in  proportion  to  the  leg ;  if  the  instep  is  thickened ;  if  the  toes  are 
hypertrophied,  esi)ecially  the  great  too ;  if  the  outer  edge  of  the  foot 
is  disproi)ortionately  enlarged,  and  especially  if  the  heel  is  unusu- 
ally prominent,  the  diagnosis  must  be  looked  upon  as  established. 
Especially  will  this  be  the  case  if,  in  addition  to  the  peculiarities  of 
the  face  and  extremities,  the  patient  presents  the  history  of  having 
been  obliged  for  several  years  past  to  buy  hats,  gloves,  and  shoes  of 
ever-increasing  size.  Further,  if  the  patient  gives  an  account  of 
severe  headache,  of  headache  that  is  continual,  that  presents  little 
or  no  variation ;  if  he  is  at  times  somnolent  and  suffers  from  ver- 
tigo ;  if  he  presents  anomalies  of  the  visual  fields,  has  excessive  tliirst 
or  excessive  hunger,  no  room  is  left  for  doubt. 
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Acromegaly  muHt  Ij©  differeu tinted  from  ceiiaiQ  oth«r  mffe 
^*9*$  gignutiHiu.  lu  gigantism  there  is  an  a  rult!  more  or  1q0A  bj 
metrical  and  ]>rnportiomd  overgro^^-tli  of  iiJl  iKirtioM  of  Ike  boctj* 
The  featurt'H  are  not  excessive  as  compared  with  the  head  and  aflck* 
Tlie  hand^  ate  tuit  enlarged  out  of  pn>portii)U  to  lhf»  arniJl,  oor  Hm 
feet  to  the  legs,  Imt  on  tlie  contrary^  the  hands  ami  feet  are  d]&|iro| 
tiouately  soudl.  In  jRTomegaly  the  overgrowth  otvurn  at  th0  < 
the  extremities,  at  the  dintal  emU  of  the  long  l)ODes,  ajid  ia  UiA«iidBl 
the  various  liuuy  ]>rtx"esae8.  It  nuLnt  lie  n^memberetl,  however,  5" 
iliflerentiatirig  l>etweeii  these  aflections  that  now  ami  th«tti,  thoi2|j^ 
rarely,  gigantism  aud  acromegaly  oecm-  together. 

From  myxcedeinH  acromegaly  is  readily  diffenMitiatwL  In  mint* 
c&dema  there  is  an  evenly  diffusetl  swelling  iu  the  subeataneoiw  tin^ 
8ae  all  over  the  IkhIv.  This  swelling  is  soft  and  doe«  ii«4  pti  on 
prassiire.  The  features  are  nut  enlarged  Imt  the  entim  bum  htcomm 
rounded  and  "  lutxm-shaped/'  Tlie  hands  aud  tingem  mm  «wciUtli; 
the  latter  are  club-shaped.  There  is  no  disprt>{Kirtio]3iitoeDhirg«iiii»il 
of  the  uln:tr  edge  of  ttn^  luuid,  Myxti^lema  occurs  moot  ffe<|iieiitlv  ill 
women,  eight  out  of  ten  cases  lieing  female;  in  acromcf^y  llie  sesfla 
are  ecjually  affected,  Agaiu,  ra^TtUHiema  begins  at  a  diatiiM*t]y  laior 
l>eriod  of  life,  generally  at  foriy  or  fifty  years  of  age,  while  acrooicg* 
alj  begins  most  freipiently  UHweeu  the  ageu  of  tweiaty  anil  fortt. 
Tn  myxtjedema  the  l>otir»s  are  never  enlarged:  in  acramegmly  Iber  ta9 
always  enlarged.  The  skin  in  niyxcedt^ma  is  soft  ami  ncii  dlnoolorad; 
in  acromegaly  it  is  coarse,  hyijertrophiecl.  hairy,  and  som^liiDea  pin* 
mented.  The  possible  though  rare  eoDcorrenee  of  the  two  diiMftMs 
should  be  borne  iu  mind.  One  such  c-iise  has  lieon  ntporliMl  kv  & 
Solis-Ci>hen. 

Leontiasis  ossea  is  a  disease  which  should  ako  bo  meolioiied  in 
discusBing  the  iliagnosis  of  acromegaly.  In  leontiaaifl  osaea  thioveii 
no  exaggeration  of  tlie  feature^^  such  as  is  seen  in  a4*romegiRly.  Thitii 
Ifl  no  hyi>ertrophy  of  the  supraciliary  ridges  or  inion,  lint  tfaeve  is  cm 
the  other  liand,  an  enormous  and  diffuse  liy  j)ertrf»iihy  of  the  ftkuJl  Of 
there  is  an  irregular  heaping  up  of  bc*iiv  deposits.  TIm*  c*xtrNiiitiit 
are  not  affected  at  all 

Acn>ruegaly  can  be  readily  distiuguishod  from  the  tmphic 
order  deacrilied  by  Marie  under  the  name  of  hy  pertrophii:  fit 
UMy  peeudtiarthropathy.     Not  only  is  this  affection,  as  llie 
implies^  associated  with  some  grave  diseaae  of  the  Ittnga, 
empyema,  but  the  enlargements  met  with  differ  m^  radioAUv 
acTomegaly  that  there  is  no  room  for  error.     It  is  Ime  thai  the  I 
and  feet  are  enlarged,  but  this  enlargement  is  diatinfcuitilied  bj 
following  pecoliarities :   in  the  hands,  for  instance,  the 
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Wi'ge,  4bi  IkKid  itBelf  but  Bliglitl y  eularged,  while  the  fingers  are 
Uen,  especially  at  their  distal  phalauges.  They  ai^e  sometimee 
ten  of  a8  lieiBg  shaped  like  dniin-Htieks.  TJie  liDger  nails,  idao, 
enlaiged  and  fretiueutly  cur\^ed  over  the  end  of  the  finger  like 
*ws  or  the  l>eak8  of  birds.  The  feet  present  changes  Birnilar  to 
[^^Ht^  seen  in  the  Iiand??  and  are  not  at  all  like  those  seen  in  aeromeg- 
The  face,  too,  is  rounded,  wliile  the  features  are  rarely  if  ever 
gprated.  There  is  no  hypertrophy  of  the  li|>s  and  tongue. 
OfilPitis  deformans  is  another  uffeetion  which  ir  readilv  difleren- 
^^t^J  from  acromegaly.  In  contradistinction  with  the  last-mentioned 
*-*JH<ase,  it  affects  especially  the  long  bones  and  but  rarely  tJie  liands 
j^XiiJ  jV^t^  ajitl  frecjueotly,  l)e cause  of  tlie  invoheniput  of  the  shafts  of 
*eloug  liones,  tho  latter  are  nnicli  cur\^ed  and  deformed.  Secondly, 
ie  cranial  bonen  are  affei^ted  and  not  especially  the  features  or  prom- 
ant  ridges.  Arthritis  deformans,  again,  is  an  affection  whicli  origi- 
ites  in  the  joints,  and  the  sw^elling  and  deformity  produced  are 
lly  unlike  those  seen  in  acromegaly.  The  metacarpal  jnints  and 
le  phalanges  may  be  enlarged,  while  the  fingera  are  deflected  towards 
le  ulnar  side  and  are  often  much  distorted. 
Adiposis  dolorosa  is  an  affection  in  which  there  is  no  enlargement 
the  bony  parts  whatever,  but  simply  an  irreguhir  increase  in  sub- 
itaueous  fatty  tissue,  the  deposit  being  attended  at  one  time  or 
Jther  by  tenderness  and  neuritic  i)ains. 

Treatment. 


No  satisfactory  treatment  for  the  disease  has  yet  been  devised. 
iXhe  apparent  relation  existing  !>etween  acromegaly  and  disease  of  the 
'  pituitary  gland  suggests  the  relation  existing  between  disease  of  the 
thyroid  gland  and  myxtedeina  and  the  great  efficacy  of  tliyn:>id  prep- 
arations in  the  treatment  of  the  latter  disease,     Marinesco  aiipears 
be  the  only  one  who  hiia  given  the  treatment  of  acromegaly  by 
ins  of  pitiiitary  gland  a  trial.     Ho  has  treated  three  cases  of  ncro- 
'megaly  by  the  administration  of  t^ddets  of  desiccated  pituitary  gland. 
In  two  of  these  cases,  a  man  and  woman,  tliere  w  as  lessening  of  the 
lieadache  and  distinct  lessening  in  the  size  of  the  extrennties.     Mari- 
ikeeco  thought  it  probable  that  the  diseased  pituitary  glands  of  his 
its  hsKl  undergone  diminution  in  size  under  the  treatment.     Cer- 
satment  I'V  means  of  desiccated  or  otlier  preparation  of  pitui- 
leserves  a  more  extended  ti'ial.     Unfortunately  the  remedy 
dt  to  procmtj- 

Tiecial   symptoms   to  be   combated  are   headache, 
I  occasional  pains  about  the  trunk  and  limlw*. 
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The  Leadflche  can  frequently  be  relieved  by  the  Tario!ia 
products,  phenacetin,  antipyrin,  oracetaiiilid.     The  brtjnndfisi 
pear  to  be  of  some  service.     Li  cases,  however,  in  which  thfil 
is  of  great  eeveritj  recourse  must  be  hatl  to  morphine*    The  i 
lencB  may  be  combated  by  coffee,  tea,  or  caffeine,  but  with  ii 
ent  success.     Geueral  tonics,  such  as  ai-senic  and  iron,  may  i 
employed,  but  in  reality  no  treatment  has  any  effect  upon  the  i 
ease.     Osborne,  however,  states  that  tonic  treatment^  combined  \ 
restj  generally  causes  a  cessation  in  the  acute  symptoms  and  a] 
iu  the  disease.     Hosier  suggests  the  tuse  of  ergot.     Strychnine,] 
phorus,  and  a  milk  diet  have  also  been  employed  at  various  j 
Preparations  of  the  thyroid  gland  are     *ihout  effect  in  aeroo 
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Adiposis  dolorosa  is  a  disease  which  is  characterized  by  m 
regular,  though  sometimes  symmetrical  deposit  of  fatty 
various  portions  of  the  body,  the  deposits  being  preceded  or 
by  pain.     The  disease  ivas  originally  descriljed  by  the  writer  in  1 
A  case  had  previously  been  published  by  him  under  the  title  *  A 
cutaneous   Connective-Tissue  Dystrophy   resemVding    Myioedei 
Sulmetiuently,  also,  a  case  was  reported  by  Dr*  F.  P.  Henry 
the  title  of  "  Myxcedematoid  Dystrophy."     In  addition  cases 
been  studied  by  Frederick  Peterson,  B,  0,  Loveland,  Joseph  CdMifl^ 
C.  K,  Mills,  and  W.  G.  Spiller. 
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Etiology, 

Nothing  is  definitely  known  of  the  etiology  of  this  affectioD  sail  | 
that  all  of  the  cases  observed,  with  the  exception  of  one,  oocnrrediB 
women.  Secondly-,  the  affection  makes  its  appearance  abontmiddk 
life,  or  sumo  tiiiio  sulwequently.  Perhaps  it  is  si^^ficant  that  son* 
of  the  cases  presented  an  alcoholic  history.  In  others,  again,  rheii* 
matism  ma>*  be  a  poBsilJe  factor. 


Symptoms. 

When  seen  in  the  fully  developed  stage,  masses  of  fatty  tiflsa%1 
variable  in  size  though  sometimes  exceedingly  larg< 
triljufced  over  various  portions  of  the  body  and  limHi 
nation  with  the  finger  it  is  found  that  the  patient 
the  tissue  were  painful,  and  pains  suggesting  a  m 
nerve  filaments  are  also  com|>lained  of.     At  times 
mive  and  the  consequent  suffering  very  great. 
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again  the  pain  is  less  pronounced,  due  apparently  to  the  fact  that  the 
I)athological  process,  whatever  it  may  be,  has  j)assed  its  most  active 
stage.  Occasionally  in  the  same  patient  a  mass  of  fatty  tissue  will 
be  found  which  is  no  longer  painful  to  pressure,  but  a  history  of  pain 
can  always  be  obtained.  Very  frequently  the  disease  begins  by  ex- 
cessive neuritic  pains,  which  make  their  appearance  in  limited  or  dif- 
fuse areas  of  an  arm  or  leg,  or  possibly  in  a  number  of  situations  at 
onoe.  Simultaneously  with  the  ai)pearance  of  the  pain,  or  perhaps 
subsequently,  the  i)art  is  found  to  be  enlarged,  and  examination  dis- 


Fio.  58.— Adiposis  Doluroiui  cfroiii  u  photogru^do. 

closes  that  this  enlargement  is  due  to  a  deposit  of  fatty  tissue.  This 
tissue  is  boggy,  softer  than  ordinary  fat  aw  a  rule,  and  presents  at 
times  the  x>ultaceous,  worm-like  feeling  of  a  variocele.  The  enor- 
mous size  attained  by  some  of  these  swellings  is  well  shown  in  the 
accompanying  illustrations.  Occasionally  a  nerve  trunk  is  accom- 
panied by  a  welt-like  swelling  for  some  distance  of  its  course.  The 
jiains  may  come  on  in  paroxysms  and  ])ersist  \vith  a  high  degree  of 
severity  for  a  number  of  days  and  then  i)artially  subside.  The  sul> 
sidence  of  the  pain  may  be  m'companied  l)y  a  slight  diminution,  but 
never  by  a  disai)i)earance  of  the  swelling.  It  is  a  iiotoworthy  fact 
that  the  face,  hands,  and  feet  have  not  l)oen  involved  in  any  of  the 
cases  that  have  been  studied.  In  addition  to  the  symptoms  of  fatty 
deposit  and  i)ain  which  constitute  the  characteristic  features  of  the 
disease,  we  should  mention  such  nervous  phenomena  as  diminished 
cutaneous  sensibility,  small  patches  of  nnjesthesia,  excessive  muscu- 
lar weakness,  and  at  times  reiicticm  of  degenoratic^n  in  the  muscles. 
The  latter  symi)tom  was  observed  by  the  writer  in  one  case  in  the 
thenar  and  hyx>othenar  eminences. 

Among  other  symptoms  we  should  also  mention  luematemesis  and 
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epistaxm  and  excesBive  iDenstriiHiioii.  These  syroptomtf  Iuito  bten 
TepefitecUy  oliserved*  In  keeping  with  this  18  perhnfM  »  wHl-Piirl<d 
purpura,  which  was  observed  in  one  ca»e.  Bronehiiid  sad  cardiap 
dys|>n(tm  have  !>een  noted  in  some  nwes,  but  Ur^  i^iguitumiM*^  of  thcM 
syinptotiia  in  o\mn  to  question.  Headache,  her|)efi  £06ter,  pigmenti^ 
tion  of  the  Hkiii,  pro^re88ive  mental  weakness,  deraeiitlAt  nbaold  alio 
be  mentioned  ha  Hyiui)t*jn]s  that  have  been  observad. 

An  already  stateil  the  pain  is  variable  in  degree.     It  sptieiani  also 
to  vary  somewhat  in  character*     ThuB,  as  has  been  stated,  it  m  same* 


Ww*  M.~Atii|*u«l)i  DoioropMi  tfrnin  «  |4tot^)|[r»pli/* 


•Hkes  paroxysmal,  at  other  tinier  (H^ntinnons.  SomeiiaBiea  it  is  da- 
Reril»ed  an  neuralgic  and  V>ririn^,  at  tither  time«  as  buminj^  and  mralding. 
Further,  we  sh<nikl  l*ear  in  raind  that  in  aildition  to  the  handa  aad 
feet,  which  are  never  involvi*d,  there  may  exist  rarioiia  f«Ktoika  OpaD 
the  trunk  and  lindm  which  remain  |>ermanently  free  fmm  the  dtftfisar 
The  skill  itsiF^lf  shows  no  change  save  ]>erhaps  occasional  pi^pneota- 
tion.  It  is  as  a  rule  soft,  white,  and  flexible,  although  it  in  not  ia- 
freiiuently  very  dry.  The  face  is  fnMpicntly  much  fln^^ihe^l,  f^p<viall|y 
during  the  paroxysm  of  pain.  The  dineiise  la  essentially  cluoiiii^ 
extending  over  many  years.  It  is  apt  to  be  progpessife.  flpnntaM 
ous  improvement  may  occur  fn^ni  time  to  time,  though  the  symptom 
never  fully  subside.     The  following  ease  vk  ill  serve  as  an  iUtiatratiaar 

M.  O ,  aged  51,  widow,  a  native  of  Ireland  ami  a  doi 

Family  history  negative     Present  history  as  follows: 

As  a  child   she  liad   had  nit^sles,  whoof^ing-cou^h,  ami 
fever.     Menstruation    liegan   n<)rmall>    at    tUtin-n      At    <*i^'hlmsi 
married.     Home  yeai-s  hUer  slin  had  an  attmk  of  hut : 

agrxnl  recovery.     She  hml  in  all  seven  children 
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Five  children  died  in  early  childhood,  one  from  cholera  infantum, 
two  from  measles,  one  from  '^  congestion  of  tlie  brain,"  and  the  fifth 
from  spasms.  The  menopause  set  in  abruptly  at  thirty -five.  From 
this  time  up  to  within  two  or  three  years  her  health  had  continued 
good.  She  had  undergone  some  increase  in  weig;ht,  but  beyond  this 
nothing  worthy  of  mention  could  be  elicited.  Syphilis  was  denied, 
as  was  also  alcoholic  excess.  However,  the  condition  of  the  patient 
on  several  occasions  upon  her  return  to  the  hospital  was  such  as  to 
throw  more  than  doubt  upon  her  denial  of  alcoholic  abuse. 

WTien  forty-eight  or  forty-nine  years  of  age  she  noticed  that  her 
arms  were  becoming  very  large.  The  upper  arms  and  shoulders  ap- 
peared swollen.  The  swelling  continued  steadily  to  increase  and  was 
for  about  a  year  unattended  by  any  other  symi>tom. 

In  November,  1886,  she  was  admitted  to  the  surgical  wards  of  the 
Philadelphia  Hospital  for  the  rupture  of  a  varicose  vein  of  the  leg. 
In  the  following  February  she  was  transferred  to  the  medical  wards 
for  a  severe  attack  of  bronchitis.  Later  she  had  an  attack  of  severe 
pain  and  swelling  in  the  right  knee,  attended  by  chill  and  fever.  She 
was  treated  for  rheumatism  and  promptly  relieved.  Two  weeks  after 
ihis  she  complained  of  a  sharp  darting  pain  in  the  right  arm.  It  be- 
gan on  the  outer  aspect  above  the  elbow  and  gradually  increased  in 
severity  and  extent,  spreading  upwards  to  the  shoulder  and  neck,  and 
downwards  to  the  forearm  and  hand.  It  was  shooting  and  burning 
in  character.  She  felt  at  times  as  though  hot  water  were  being  i)ourea 
upon  the  arm,  and  again  as  though  the  hands  and  fingers  were  being 
torn  apart.  No  rise  in  temperature  was  noted.  The  pain  was  often 
paroxysmal,  but  it  was  never  entirely  absent.  On  June  4th,  1897,  she 
was  transferred  to  the  nervous  wards  of  the  hospital  and  came  under 
the  care  of  the  writer. 

Her  api)earance  at  this  time  was  striking.  She  was  a  tall,  large- 
framed  woman  who  looked  as  though  she  had  at  one  time  presented  a 
fine  physical  development,  but  she  seemed  unnaturally  broad  across 
the  back  and  shoulders.  On  removing  the  clothing  an  enormous  en- 
largement of  these  i)arts  was  disclosed.  The  enlargement  affected 
both  shoulders,  the  arms,  the  back,  and  the  sides  of  the  chest.  It 
was  most  marked  in  the  upper  amis  and  back,  forming  here  huge  and 
somewhat  pendulous  masses.  It  was  elastic  and  yet  comparatively 
firm  to  the  touch,  and  it  was  impossible  to  i)roduce  pitting.  In  some 
situations  it  felt  as  though  finely  lobulated,  and  in  others,  especially 
on  the  insides  of  the  arms,  as  though  the  flesh  were  filled  with  bun- 
dles of  worms.  The  skin  was  not  thickonod;  it  did  not  take  part  in 
the  swelling,  and  it  was  not  adherent  to  the  sul)jaceut  tissues. 

In  addition  the  swelling  was  very  painful  to  pressure.  Pro- 
nounced pressure  appeared  to  be  absolutely  uubearaUe.  The  nerve 
trunks  also  were  exquisitely  sensitive,  but  this  painful  condition  was 
not  by  any  means  limited  to  them,  but  permeated  the  swollen  tissue 
as  a  whole. 

The  muscles  were  not  involved  in  the  swelling.  Tlie  affected 
parts  were,  however,  quite  weak.  Examined  electrically  the  muscles 
of  the  shoulder  and  arms  yielded  a  negative  result,  partly  because  of 
the  great  resistance  caused  by  the  intervening  tissue.     Slight  quali- 
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tative  and  quantitative  iLau^es  were  uc)te4  in  the  musclea  of  the  fore- 
arms, while  in  the  Iiamk  tlistinct  reaction  of  degeueratiou  mmM  noled 
in  the  thenar  and  hypotbenar  groujiK,  more  evidt^nt  on  tli*»  rik'l»t  isidti. 

Cut^meuurt  Beiisibility  waa  mut^li  tliminislicHl.  On  the  ri^hl  mrm 
TariouB  areas  existed  in  Avliich  no  rohijonse  whatever  whm  ^i\>*n  to  lliA 
feBthesiometor,  Tliey  were  large  aod  irn^ular  in  8ha[»o  amt  i^fj 
sliarpl y  defined,  and  were  ]>rosent  on  bt  »th  the  inner  aud  out*^r  aii[MH*iii, 
In  tlie  finger  tiim  the  pnnts  could  not  lie  at  all  ftf.*|>aniUHL  la  ilia 
left  arm  some  impairment  of  sensation  was  dete<?ted  on  the  OPiitar 
aspertof  the  forearm,  and  in  the  fiagertips  seniaatioQ  w«a  docidtdljr 
below  nc prmaL  Sen^sibility  to  heat  aud  cold  apfi^u^n^  aliio  to  haiF# 
been  lessened. 

On  examining  the  legs  it  was  found  that  cnt.:  M^n^itiililT  wwi 

distinitly  lessened  on  the  right,  while  showing  littit»  or  no  impstr^ 
meut  on  t]»e  left. 

Ko  enlargement  wim  noted  at  thin  time  in  Anv  i>iirt  of  the  bodjr 
save  in  the  arms  anil  Blmuldei-s*  The  face  waA  oale,  ba  were  mlao  Um 
mneouH  memliranes.  Tliere  wan,  however,  a  little  color  in  th«  ehiwlu^ 
more  noticeable  at  times.  Her  features  were  wi'll  fornnHl  mit>il  inleUi^ 
gent*  Her  hair  waa  dark  and  tine.  Her  mind  wa^i  nnimiuurBd,  en* 
cept  that  at  times  she  was  nmch  ab«tracted.  SometiiiM^  8li«  gmv« 
oonilieting  answern  to  questiom^,  so  tliat  the  hitter  had  often  to  \m 
repeated. 

Ten  days  after  her  admission  to  the  nervoos  wanln  who  h/id  a  4*liill, 
followed  by  fever  auil  a  i>ainful  herpetic  eruption  over  the  l  r- 

tion  of  the  left  arm,  and  iuitf^rinr  ]H>rtion  of  the  left  side  of  ;*.«  v^-^^L 
Some  five  or  bIx  daya  later  anotlier  crt>p  of  Ye«iicles  made  ito  ippoT 
anee  on  the  Iwi^'k  and  on  the  front  of  tiie  chest. 

Nothiug  further  worthy  of  note  ocourred  until  Octobtr  ISth,  wben 
the  patient  hml  another  severe  attack  of  bronchitis,  which  WBmmoeem^ 
pauied  by  mm-h  dyspnoea. 

In  the  latter  i>art  of  the  following  December  it  waa  noted  tbjit  dm^ 
ing  one  of  her  paroxysms  of  pain  the  swelling  of  the  rigbt  arm  b«* 
came  more  decidedly  lobulated.  The  arm  bec^ame  more  wowitm 
than  ever,  antl  on  examination  hard,  cake-like  maaaee  ware  fell»  ?«- 
sembling,  as  the  resident  physician  exfiressed  it,  the  caktug  of  milk 
in  a  breast.  This  caking  or  increased  lobulated  f<^l  wmi  sunieaiieotljr 
re^ieatedly  noticed  during  paroxysms  of  pain*  At  this  time  ilao  ftbi 
suffered  from  an  attack  of  pain  in  the  right  knee,  and  in  the  pOfditMl 
space  a  iliffused  swelling  was  felt  which  exhibited  the  name  irrinhilnA 
feel  as  did  the  swelliug  elsewhere.     It  was  also  very  jminfut 

At  various  times  8ubsef[uently  imroxysms  recurrea,  during  cm 
which  swelling  waa  noticetl  in  the  fw interior  triangles  of  the  tkfcL 
Tlie  hitt+*r  seemed  later  to  Im?  pernmneiitly  fuller  than  normals  BniiH 
chitis  also  recurred,  accompanied  by  dyspncea,  and  at  one  time  with 
free  exi>cct4»ration  of  blcxxly  mucus. 

In  the  followiug  April  she  ex|terieDced  an  attack  of  pain  of  tmti^K 
al  severity.  The  latter,  which  involved  the  right  arm  and  sbooldei^ 
right  side  of  trunk  and  back  of  nec*k,  now  for  the  f^r^t  time  spraed  to 
the  face  and  hemL     The  right  nide  of  the  face  h  ^ititinclljS«ol» 

len,  and  pn^HuttHl  t4)  the  touch  the  same  nodulat  :  ao  eliancter^ 
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ifltic  of  the  sweiliug  in  other  portions.  At  the  same  time  the  tongue 
and  pharyngeal  tissues  appeared  to  become  swollen.  Her  tongue, 
she  said,  felt  much  too  large  for  her  mouth.  In  addition  her  voice 
was  very  hoarse,  and  she  spoke  with  great  difficulty.  This  condition 
persisted  for  upwards  of  a  week,  and  then  slowly  subsided.  For 
some  time  subsec^uently  she  spat  blood,  the  source  of  which  was  not 
determined,  though  it  appeared  to  come  from  the  throat.  The  red- 
dish color  in  the  cheeks  also  became  more  pronounced  until  it  covered 
the  entire  forehead  like  an  intense  blush.  This  blush  was  afterward 
observed  to  occur  with  other  paroxysms  of  pain. 

During  the  summer  of  1888  the  patient's  condition  undem'ent 
some  cliange.  The  paroxysms  became  less  frequent  and  less  severe. 
Hand-in-hand  with  this  improvement  sweating  became  much  more 
marked.  However,  paroxysms  occun*ed  from  time  to  time,  and  upon 
one  occasion  a  thick,  welt-like  swelling,  exquisitely  painful,  was  ob- 
served extending  from  the  upper  and  inner  angle  of  the  scaiiula,  per- 
pendicularly down  the  back  to  very  nearly  the  lumbar  region.  Upon 
another  occasion,  swelling  again  made  its  appearance  in  the  right 
popliteal  8])ace,  as  well  as  on  the  inner  aspect  of  the  knee.  In  the 
latter  locality  the  swelling  became  permanent,  and  the  tissues  pre- 
sented the  same  i)eculiarities  as  noted  elsewhere.  Pain  also  occa- 
sionally appeared  in  the  left  arm.  Prolonged  attacks  of  cardiac 
dysimoea  occurred  every  week  or  two,  and  uj^pareutly  indejpendently 
of  bronchitis. 

An  examination  of  the  eyes  by  Dr.  de  Schweinitz  revealed  contrac- 
tion of  the  fields  of  vision  for  form  and  colora,  most  marked  in  the 
left  eye.  The  other  special  senses,  hearing,  taste,  and  smell,  appeared 
to  be  somewhat  obtunded.  An  analysis  of  the  urine  yielded  a  neg- 
ative result.  A  blood  count  failed  to  reveal  an  increase  of  wliite 
blootl  corpuscles. 

UiK.»n  a  number  of  occasions  the  patient  vomited  blood  during 
imroxysms  of  pain;  ui)on  several  occasions  this  was  obser\'ed  by  the 
writer  himself.  The  quantity  could  not  be  ac^curately  estimated,  but 
while  it  was  never  large  at  a  single  emesis  it  w/is  constantly  brought 
up  in  repeated  vomiting  during  an  entire  night  or  day. 

Measurements  were  made  of  this  patient  at  various  times,  and 
these  showed  a  steiidy  increase  in  the  bulk  of  the  enlarged  parts. 

Of  late  the  patient  has  not  suffered  as  intense  pain  as  formerly. 
Cardiac  dyspnoea,  however,  is  a  frequent  and  distressing  symi)tom. 
The  face  is  still  flushed.  Kecently  shooting  pains  have  appeared  in 
the  alniominiU  regicm,  and  examination  discloses  in  this  region  an 
extensive  deposit  of  tissue  to  which  the  pain  is  referred.  A  large 
longitudinal  wheal,  esi)ecially  sensitive,  is  found  in  the  left  lumbar 
region. 

Swelling  has  also  made  its  appearance  over  the  left  hip,  and  to 
some  extent  over  the  riglit.  The  thighs  and  buttocks  do  not  seem 
enlarged  in  i>roi)ortion,  but  soft  masses  are  now  found  on  the  inner 
sides  of  both  knees,  the  right  larger  than  the  left,  the  former  more 
{gainful  to  pressure.  A  small  nodule  to  the  right  of  the  scrobiciUus 
IS  especialfv  painful. 
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Pathology. 


The  writer  lias  studied  microscopically  portioiis  of  fatly 
which  he  obtained  in  two  of  his  cases  by  means  of  the  Duchemw  tzo* 
vnr.  The  fnigmetits  I'evealed  couiic'ctive  tissue  and  fat  oelb  present 
in  varying  degree.  It  was  observed  that  the  furmer  was  deciiMly 
embryonal  in  tyi>e,  the  cells  lieing  lai'ge  and  fiiaiform  and  their  iiiiciid 
being  correspcmdingly  large  Jind  i»rcjniinent.  Tln>  fat  oeUa  far  IliS 
most  part  were  assofiated  \\  ith  these  connective-tissue  ceUs  and 
Bioually  individual  fat  cells  were  hl^a'jx  in  which  the  fatty  mi 
phosis  had  not  been  complete.  In  one  of  the  fragmente  Uie 
was  fortunate  enough  to  tind  nerve  elements.  These  hmi  prol 
been  included  in  the  gi*asp  of  the  troc»ar  by  the  fatter  gnusu^  a  blood* 
Yessel  as  the  fibres  were  non-medullatt?d.  The  latter  revealed  deeided 
changes.  Their  connective  tissue  was  denser  than  normal  and  Uiey 
presented  an  unusual  number  of  nuclei  which  here  aiul  tlieffs  wars 
aggregated  in  clusters.  In  two  of  the  c^ses  studie<l  by  lbs  writar  au- 
topsies were  held,  but  unfortunately  the  loss  of  the  apeciiDeoa  pre* 
vented  the  microscopic  study  of  the  nervous  tissues.  In  bolb  csaass 
the  most  striking  feature  was  calcareous  infiltration  and  imluraiioii  of 
the  thyroid  gland. 

It  is  very  prolmble  that  in  this  disease  we  have  to  do  with  a  ooih 
nective-ttssue  dystrophy,  a  fatty  metamorphosis  of  imoos  atofses  of 
eompleteuess  occurring  in  separate  regions,  or  at  l^eel  atievenly  die* 
tributed  and  associateil  with  symptoms  suggestii^e  of  an  irregiifar  and 
fugitive  irritation  of  the  nerve  trunks,  pcTssibly  a  neuritbi,  Hiis  ▼iav 
is  held  by  tlie  UTiter  and  shared  by  both  Peternon  and  Collioa,  That 
it  does  not,  however,  emiirace  the  whole  truth  is  evidetioed  hy  stidi 
symptoms  aa  the  diminished  sweating,  headache,  hainntallMiaie^  iiB*^ 
observed  in  various  ciises. 

DUONOSIS, 

The  affection  is  readily  differentiated  from  myxoedema  hr  tbs 
that  in  the  latter  disease  the  face,  hands,  and  feet  are  iitTolred» 
especially  by  the  fact  that  in  myxcedema  nenritic  pains  and  pains 
npon  pressure  do  not  <H*cur.  For  aimilar  ressoDS  it  is  also  rsadilj 
distinguished  fn>m  acromegaly.  From  simple  obesity  and  froio  lipo> 
matiisis  perimuscularis  circumscripta  it  is  easily  differestialed  botb 
by  the  presence  of  pain  and  by  the  irregularity  of  the  distrtbitliQft  oE 
the  swelling. 


ADIPOSIS  DOLOROSA.  561 


Treatment. 

The  treatment  of  adiposis  dolorosa  resolves  itself  into  the  manage- 
ment of  special  symptoms  and  the  application  of  general  measures. 
In  the  writer's  oases  it  has  sometimes  been  necessary  to  give  mor- 
phine to  control  the  pain.  More  frequently,  however,  the  salicylates 
have  proven  sufficiently  efficacious ;  for  instance,  sodium  salicylate,  oil 
of  gaultheria,  and  salol.  At  other  times  the  coal-tar  products,  antipy- 
rin  and  phenacetin,  have  yielded  good  results.  In  addition  various 
general  measures  should  be  adopted.  A  diet  containing  little  or  no 
fat-forming  food,  massage  when  the  pain  has  sufficiently  subsided, 
sponge-bathing,  hydrotherapy  in  various  forms,  and  galvanism  com- 
prise the  measures  at  our  disposal.  Based  upon  the  observation  of 
the  writer  with  regard  to  disease  of  the  thyroid  gland,  Dr.  Mills 
employed  in  the  treatment  of  one  of  his  cases  thyroid  extract  with, 
as  he  reported,  very  satisfactory  results. 

In  one  of  the  writer's  cases  dyspnoea  was  occasionally  so  great  as 
to  necessitate  the  use  of  alcohol  and  digitalis.  General  principles 
are,  of  course,  to  guide  the  practitioner  in  the  employment  of  these 
remedies. 
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INTKODUCTION. 

The  designation  ''diseases  of  the  spinal  cord"  is  derived  from 
gross  anatomy.  It  is  now  known  to  us  that  the  spinal  cord  consists 
of  four  different  portions,  viz.,  (1)  Processes  from  cerebral  cells,  (2) 
processes  from  cells  which  are  present  in  the  spinal  ganglia  and  per- 
haps also  in  the  periphery,  (3)  cells  whose  processes  extend  into  the 
peripheral  nerves,  and  (4)  cells  which,  together  with  their  processes, 
lie  in  the  spinal  cord.  It  is  therefore  conceivable  that  no  boundary 
can  be  drawn  either  between  the  diseases  of  the  spinal  cord  and  those 
of  the  brain,  or  between  the  latter  and  those  of  the  peripheral  nerves. 
Besides,  there  are  many  affections  which  involve  the  brain  and  the 
spinal  cord  at  the  same  time.  Thus  it  happens  that  various  affec- 
tions are  grouped  together  under  the  vague  designation  of  "  diseases 
of  the  spinal  cord,"  while  it  is  to  a  great  extent  a  matter  of  choice 
whether  the  disease  is  to  be  classified  or  not  under  this  heading. 
Tabes,  for  example,  is  usuaUy  regarded  as  a  disease  of  the  spinal 
cord  because  the  most  evident  lesions  have  their  seat  there.  It 
is,  however,  reaUy  a  disease  of  the  entire  nervous  system,  because 
there  are  portions  of  the  brain  as  well  as  of  the  peripheral  nervous 
system  which  are  primarily  diseased.  Multiple  sclerosis  has  been 
considered  in  this  work  among  the  diseases  of  the  brain,  but  it  might 
^ith  equal  propriety  be  regarded  as  a  disease  of  the  spinal  cord,  since 
both  these  nervous  centres  are  affected. 

Many  poisons  act  injuriously  upon  the  brain  and  the  nerves  at 
the  same  time,  for  example  alcohol,  or  it  may  be  only  a  matter  of 
degree  and  duration  whether  changes  are  found  in  the  nerves  alone  or 
in  the  spinal  cord  also.  To  a  truly  scientific  mind,  the  classification 
of  diseases  according  to  their  anatomical  seat  must  appear  illogical. 
Clinical  unities  correspond  with  etiological  unities,  and  a  strictly 
etiological  classification  is  perfectly  satisfactory.  Long  usage,  how- 
ever, is  hard  to  overcome,  the  usual  classification  is  therefore  adhered 
to  in  this  work ;  but  since  this  is  wholly  arbitrary,  it  has  not  been 
thought  necessary  to  follow  a  definite  order  in  the  discussion  of  the 
sevend  diseases.     Following  the  usual  rule  in  works  of  this  nature,  it 
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would  seem  proper  perhaps  to  begin  with  a  section  od  the  | 
etiology  and  therapy  of  diseases  of  the  spinal  cord,  but  this  i 
possible,  since  the  etiology  and  treatment  of  these  various  affet 
differ  widely  according  to  the  nature  of  each.     It  seems  Tinne 
ako  to  devote  any  space  to  anatomical  and   physiological  i4 
which  may  be  found  in  any  elementary  text*book, 

HffJUKTES  OF  THE  SPINAL  COED. 

The  spinal  cord  is  liable  to  be  injured  by  sharp  or  blunt  fo 
The  former  variety  of  injury  is  principally  the  result  of  knife  or  k 
ger  thrusts.     A  pointed  knife,  especially  when  it  is  directed 
below  upwards  and  aomewhat  laterally  towards  the  median  line»  i 
penetrate  betu^een  two  vertebral  arches  into  the  spinal  canal  from  I 
hind  without  damaging  the  boo©.     When  the  force  is  very  great  I 
the  direction  of  the  thruat  differs  alightl}^  from  that  above  given,  i 
or  less  serious  injury  may  be  inflicted  upon  the  vertebral  arches i 
the  blade  may  penetrate  into  the  canal  tb rough  this  artificial  open 
At  the  same  time  splinters  of  bone  may  be  canied  along  and  mnyl 
turn  produce  compreasion  or  lesion  of  the  cord. 

Perforating  or  incised  wounds  of  the  oord  have  thus  far  been  i 
served  only  in  the  cervical  and  upper  dorsal  regions.  This  cao  1 
due  Bolelj^'  t«  the  fact  that  these  parts  are  more  accessible  to  the  hand 
than  the  lower  dorsal  or  lumbar  region.  As  regards  the  latter  witi 
reference  to  an  injury  to  the  cord,  only  the  space  between  the  arcki 
of  tlie  fimt  and  second  lumbar  vertebras  can  come  under  consideration, 
for  the  gap  permitting  laenetration  into  the  cord  is  particularly  \m^ 
between  the  arches  of  these  two  vertebrsB,  owing  to  the  horizoDtal 
direction  of  the  spinous  processes  ]  at  this  point,  should  such  an  aixi* 
dent  occur,  the  cord  is  liable  to  be  divided  in  its  median  portioM 
and  perhaps  entirely.  In  cases,  however,  of  a  thrust  between  tbe 
vertebral  arciiPH  iu  the  cervical  or  dorsal  region  the  ilivision  of  tie 
cord  wiU  almost  invariably  be  merely  unilateral,  since  the  vertebnl 
I)rcxjess  with  it.s  marked  downward  direction  covers  the  intena- 
tebral  fissure  in  the  median  line  and  pi-eveuta  the  penetration  of  tta 
knife  into  the  opposite  side  of  the  cord*  Still  in  some  persona  the 
prtx^esaes  of  the  last  two  cer\'ical  and  the  first  dorsal  v 
a  more  horizontal  direction,  and  then  a  total  divisioi 
has  been  observed.  In  such  cases  of  division  of  tb* 
norve  roots  at  the  level  of  the  thrust  are  likewise 
it  is  possible  for  a  knife  penetrating  into  the  i 
oulv  the  roots  without  producing  any  lesion 
be  very  doubtful.     Aside  from  the 
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of  Uood  will  also  damage  the  cord  in  these  cases.  An  effusion  of 
blood  into  the  cord  in  cases  of  more  or  less  unilateral  division  will 
produce  at  first  the  symptoms  of  a  complete  transverse  lesion.  In 
like  manner  hemorrhages  into  the  meninges  may  cause  at  first  a  more 
or  less  complete  arrest  of  the  function  of  the  cord  at  the  level  of  the 
lesion,  while  after  the  lapse  of  some  time  only  the  symptoms  depend- 
ent on  the  actually  severed  portions  persist.  In  the  cases  which 
have  been  described  as  recoveries  from  incised  wounds  of  the  cord, 
the  injury  probably  was  nothing  but  such  compression  by  hemor- 
rhages, the  knife  not  having  reached  the  cord  itself  and  perhaps  not 
even  the  spinal  canal. 

Injuries  of  the  cord  by  blunt  force  are  more  frequent  than  those 
due  to  cutting  instruments.  In  such  cases  the  force  may  act  directly 
at  the  level  corresi)onding  to  the  lesion,  the  more  active  part  being 
taken  either  by  the  mass  causing  the  injury  or  by  the  weight  of  the 
human  body.  The  former  accident  takes  place,  for  instance,  in  mines 
or  quarries  when  large  masses  fall  on  the  back  of  a  laborer,  the  latter 
when  the  subject  falls,  say  from  a  roof,  and  strikes  with  his  back  the 
edge  of  an  open  door.  The  writer  has  observed  a  case  of  this  kind 
in  a  gymnast  performing  on  two  horizontal  bars,  who,  intending  to 
strike  the  second  bar  from  the  first  with  the  bend  of  the  knee,  struck 
it  with  the  middle  of  the  back. 

Far  more  frequent  than  the  direct  action  of  the  force  upon  the 
ix>int  of  the  lesion  is  an  indirect  action.  Thus  spinal  injuries  are 
most  common  in  falls  upon  the  head  and  nucha,  especially  when  the 
cervical  spine  is  excessively  flexed  at  the  same  time  (as  in  a  fall  over 
the  horse's  head  in  clearing  a  hurdle),  or  foUowing  a  heavy  blow 
uix>n  the  head.  Lesions  in  the  lumbar  region,  particularly  at  the  sa- 
crum, are  associated  with  a  fall  on  the  buttocks. 

In  most  cases  of  this  kind  there  is  probably  a  lesion  of  the  verte- 
bral column  which  causes  the  injury  of  the  cord.  In  general  we  may 
distinguish  between  luxations  and  fractures,  though  both  are  often 
combined.  Uncomplicated  luxations  are  observed  most  freciuently 
at  the  cervical  spine,  at  which  point  in  particular  they  may  at  times 
be  diagnosticated,  while  at  the  dorsal  and  lumbar  spine  (where  they 
also  occur)  they  cannot  be  distinguished  from  fractures  or  fractures 
combined  with  dislocation.  Of  the  greatest  practical  importance  are 
luxations  of  the  lower  cervical  vertebrae,  which  are  most  frequent  be- 
tween the  fifth  and  sixth.  Of  the  vertebrae  under  consideration  it  is 
the  npi)er  one  that  is  regarded  as  dislocated.  The  luxation  occurs  at 
the  articulations  of  the  articular  processes ;  usually  the  lower  articu- 
lar processes  of  the  upper  vertebra  pass  in  front  of  the  upper  proo- 
of  the  lower  one  and  become  locked  (forward  luxation).     This 
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lusLation  may  be  bilateral  (luxatioii  by  flexioD)  or  nnilfttenl  (l^^^uiUaci 
by  abductioti  or  rotation).  In  the  former  case  the  spinal  oohunii  wham 
tlie  laxation,  and  with  it  of  coui-se  the  head,  is  inclined  fonrftrds;  ihm 
spiDOUs  process  of  the  vertebra  below  the  luxation  projeets  niArkecllj 
backwards ;  the  vertebral  t*olumn  is  fixed  not  alone  hy  tmiflciilAr  taiH 
sion  bnt  by  the  patient  hokliug  his  heail  firmly  so  as  lo  mwoid  aO 
motion.  When  the  luxation  is  uoih^ieral,  the  spinoua  promi  ol  tbt 
dislocated  vertebra  is  directed  towards  the  luxated  side*  The  liead  ia 
inclined  to  the  Ride  oppcKnite  the  kixation  and  the  chin  ia  taread  tow- 
ards tlie  same  side.  The  nuchal  muscles  are  very  teiuia  cm  the  lux* 
ated  side. 

Backward  luxations  of  the  vei*tebrR>  are  ^ eiy  rare,  and  it 
questionable  whether  they  can  occur.  At  tbe  upper  cervical 
however,  we  meet  with  fi>rward  and  backward  luxations  of  tba  bead 
upon  the  atlas,  and  most  fre<ioently  luxations,  likewise  fonranla  and 
backwards,  of  the  atlas  uj>on  the  axis.  In  luxations  of  the  allaa  Iha 
odontoid  process  of  the  axis  is  probably  always  broken  off;  wbeo 
the  luxation  in  forwards  and  complete,  the  arch  of  the  atlas  mnat  alao 
be  broken  off.     Luxations  by  rotation  4jf  the  atlas  may  Ukewiae  oocvr. 

Fractures  of  the  vertebral  column  may  affect  the  bodiaa  €i  Iba 
vertebrfe,  the  arches,  the  s]>inous  processes,  or  the  articular  and  1 
verse  processes.  Fractun*s  of  the  bodies  are  most  freqnenllj  thai 
suit  of  indirect  force,  those  of  the  arches  of  direct  foree;  the  aiticidar 
processes  break  mainly  with  inxatious.  The  vertebml  bodiee  may  lie 
cfunpletely  comminuted;  sometimes,  thougli  rarely,  spltnteia  may 
be  disphii-ed  into  the  vertebral  canal  where  they  of  courfie  injore  Uia 
cord.  Vertebrtd  fractures,  too,  are  most  common  in  the  coErrical  and 
upi^er  dorsal  portions ;  next  in  order  are  the  lower  dorsal  and  Ilia  firat 
lunilmr  vertebrrt*.  They  may  be  confined  Uy  a  single  vertebra  or  in- 
voh'6  several ;  the  former  occurrence  is  most  freciuent  in  the  lomfaar 
I>ortion,  the  latter  in  the  upi)er  dt>rsal  region. 

A  differentiation  lietweeu  fractures  and  luxations  is  but  rar^lj 
possible,  especially  as  lM>th  conditions  ard  often  combined;  il  ia 
most  likely  to  Ix^  made  in  the  cervical  t)ortion  and  in  Uiat 
crepitation  would  indicate  fracture,  though  we  should  take  oaie  noii 
produce  it.  Frai^tures  of  arches  and  spinous  ptoeeeaee  are 
readily  recognized.  Marked  projection  or  deprtflriOB  of  a  donal 
apinons  process  indicates  a  luxation. 

Sometimes  there  is  neither  a  luxation  nor  a  fracture  of  the 
bne  but  morely  a  diastasis  by  rupture  of  the  ligamentona 
or  of  the  intervertebral  discs,  tliough  as  a  rule  all  theee  oondiiiona 
are  associatixl  with  each  other.     Hemorrhages  in  consideiaUa  i 
into  the  spinal  canal  are  nearly  always  present.     In  feiy  i 
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the  external  intogument  is  also  injured  so  that  there  is  an  open  wound 
of  the  spinal  canal  or  cord. 

Midway  between  sharp  and  blunt  forces  acting  upon  the  spinal 
cord  are  lesions  caused  by  small  projectiles,  e.^.,  revolver  bullets, 
which  may  produce  only  slight  injuries  of  the  vertebral  column; 
laiger  projectiles  of  course  must  seriously  damage  the  latter  before 
they  strike  the  cord.  The  lesions  produced  in  the  cord  by  the  above- 
mentioned  injuries  of  the  vertebral  column  may  vary  greatly.  In 
Bome  cases  it  is  not  wounded  at  all,  particularly  in  unilateral  luxa- 
tions and  in  fractures  of  the  vertebral  arches  or  of  the  spinous  proc- 
esses. The  lesions  of  the  cord  are  also  slight  when  they  consist 
essentially  in  a  compression  by  an  intervertebral  hemorrhage.  In 
the  most  serious  cases  there  are  true  breaches  of  continuity  of  the 
cord  which  may,  for  instance,  be  torn  in  excessive  flexion  of  the  ver- 
tebral column  or  severed  by  a  pointed  fragment  of  bone.  Between 
these  are  all  i)ossible  transitions — complete  contusion  of  the  cord  at 
the  level  of  the  lesion  so  that  the  cord  is  represented  merely  by  a  sac 
containing  detritus,  partial  contusions,  and  more  or  less  total  suffu- 
sion of  the  cord  with  blood.  When  infection  is  made  i)ossible  by  an 
external  injury,  e.g.,  in  gunshot  wounds,  such  lesions  are  ultimately 
complicated  with  purulent  meningitis  or  tiie  formation  of  abscesses 
m  the  cord. 

In  quite  a  number  of  lesions  caused  by  the  direct  or  indirect 
action  of  force  upon  the  vertebral  column,  serious  injuries  may  be 
present  in  the  cord  without  any  material  alterations  being  discov- 
erable in  the  bones  at  the  autopsy.  In  a  few  of  these  cases  there 
may  have  been  at  the  time  of  the  accident  some  slight  displace- 
ment of  the  vertebrae  upon  each  other  or  a  luxation  with  contusion  of 
the  cord;  but  spontaneous  reduction  must  have  followed  at  once  so 
that  no  evident  structural  disturbance  would  be  found  in  the  verte- 
bral column. 

Unquestionably,  however,  there  are  cases — and  they  are  not  so 
rare  as  was  formerly  believed — in  which  even  at  the  time  of  the  acci- 
dent the  vertebral  column  remained  intact,  and  a  disintegration  and 
hemorrhage  in  the  cord  resulted  either  from  strong  traction  or  vio- 
lent contusion.  These  cases  belong  properly  in  the  class  of  trau- 
matic hsematomyelia.  In  the  milder  cases  the  hemorrhage  is  confined 
to  the  whole  of  the  gray  substance  or  a  portion  of  it  for  a  long  dis- 
tance (tubular  hemorrhage) ;  in  the  severe  cases  the  entire  cross  sec- 
tion may  be  x)ermanently  injured.  In  such  cases  it  is  hardly  ever 
possible  to  exclude  a  lesion  of  the  vertebral  column  during  life. 
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qaeniJy  the  course  of  the  alterations  at  the  point  of  the  lesion  and  its 
vicinity,  in  these  cases  of  extensive  injury,  is  exactly  the  same  as  with 
the  smaller  lesions,  t.6.,  i*esorption  of  the  disintegrated  and  hemor- 
rhagic medullary  substance;  proliferation  of  glia,  connective  tissue, 
md  blood-vessels  vnthin  and  around  the  focus ;  ultimately  contraction 
and  sclerosis  of  the  entire  region  into  a  connective-tissue  cicatrix.  Of 
course  this  cicatrix  after  severe  contusions  will  occupy  a  much  larger 
snrface,  and  the  cord  may  then  be  thinned,  ribbon-like,  or  be  changed 
to  a  loose  sac,  consisting  chiefly  of  pia  and  a  cicatricial  tissue  con- 
taining usually  numerous  blood-vessels,  some  ganglion  cells,  blood 
pigment,  and  remnants  of  myelin. 

Hemorrhages  into  the  meninges  associated  with  these  extensive 
lesions  undergo  precisely  the  same  changes  as  those  occurring  in 
mild  cases. 

Above  and  below  the  cicatrix  we  find  ascending  and  descend- 
ing degeneration.  When  the  entire  cross  section  is  destroyed  we 
ohBerve  in  an  ascending  direction  a  degeneration  of  the  poste- 
rior columns,  and  especially  of  the  columns  of  Goll  and  Gowers 
and  the  direct  cerebellar  tracts,  of  the  margins  of  the  anterior  col- 
umns, and  for  some  distance  also  of  the  pyramidal  tracts ;  in  a  de- 
scending direction  a  degeneration  of  the  pyramidal  tracts,  of  the 
maigin  of  the  entire  anterolateral  tract,  of  the  comma-shaped  tracts 
in  the  XK)sterior  columns,  and  a  tract  in  the  latter  which  passes  first 
at  the  i)osterior  i)eriphery  of  the  cord,  then  as  an  oval  field  beside  the 
posterior  septum,  and  reaches  as  far  as  the  filum  terminale  (Hoche). 
When  the  transverse  section  of  the  cord  is  only  partially  destroyed, 
these  secondary  degenerations  of  course  are  present  to  a  correspond- 
ing degree. 

Along  vnth  these  system-degenerations  we  very  often  find,  par- 
ticularly vdth  traumatisms,  though  not  exclusively  with  them,  chiefly 
in  the  centre  of  the  i)osterior  columns  and  in  the  posterior  horns 
above  and  below  the  total  lesion,  irregularly  scattered,  degenerated, 
usually  round  spots,  which  appear  light  after  hardening  in  chromic 
acid — the  so-called  disseminated  patches.  Examining  these  in  serial 
sections  we  find  that  they  are  cylindrical  foci  of  degeneration  extending 
often  over  quite  a  number  of  segments.  The  degenerated  cylinder  is 
frequently  completely  detached  from  the  surroundings,  lying  in  the 
cord  like  a  necrotic  piece  of  bone  does  in  its  bed.  FinaUy  it  may 
disappear  altogether  so  that  there  is  left  an  irregular  cavity  extending 
over  several  s^ments.  These  disseminated  patches  probably  repre- 
sent a  direct  necrosis  of  the  implicated  regions ;  this  is  shown  by  the 
fact  that  they  stain  little  or  not  at  all;  they  have  a  delicate  reticulated 
structure  (the  network  is  formed  of  glia  fibres  and  the  finest  blood- 
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YeBnek)  and  uhiihIIj  t^oDtain  with  in  the  meehea  zsmmiiili  of 
fibres  and  bloiMl  iiigment.     In  the  adjainiug  nou-neoErotic  ootids 
tuallj  ako  at  the  margiu  of  the  caviiies,  we  find  nuiMmB  gtmmil&r 
cells. 

Of  course  the  lesion  need  not  necessarilv  inTolre  tbe  wkola 
section  of  the  cord.  Ab  a  rule  the  ceDirai  ]x>rtioii8,  thm  gimj  sub* 
stance,  suffer  nnwt,  and  even  in  very  aevere  lesions  sotDe  slrelclmi  id 
innderately  preserved  nerve  substance  fre<|ueutly  renuiiii  uninediAteljr 
under  the  pia.  Quite  interesting  and  of  practical  imporluioe  is  a1k» 
the  conditifin  of  the  spiiial  nen'e  ri>ot*i.  Tht»se  issuing  from  IbsdiH 
stroyed  segmentn  are  of  cr)ur8e  degenerated  and  atrophr  occon  «lao 
in  the  muHcles  supplied  by  the  anterior  roots*  On  lbs  oMmmt  hmttA 
it  is  a  matter  of  common  observatitm  tliat  iu  otherwise  very  Mfi- 
ous  lesions  those  nerve  rootn  which  merely  jmlss  by  Uie  tojiurid 
cord  to  reacli  tlieir  point  of  emergence  from  the  spinal  i^oiiml,  ami 
which,  for  instance,  iu  the  ilorsal  ])ortiuii  of  the  veriebtml  cmOAl  we 
derived  fr*im  segments  Ci>nsideralily  alnive  the  soul  of  the  iAjUfyp 
are  well  f)reHerved ;  while  a  prion  it  wouhl  W  adsmnad  timi  Ulflae 
roots,  lying  an  they  df»  ]*articularly  close  to  the  injarsd  cord,  iravkl 
be  more  liable  to  l>e  affected  than  the  cord.  In  KenaimU  hommmn^ 
the  roots  are  more  resistant  than  the  cord,  and  this  ool  cMiljr  vilk 
refei<euce  to  traumatisms ;  to  Ik)  sure  their  power  of  reoiataiio^  dam 
not  go  beyond  a  certain  limit;  when  the  trauma  is  very  famUa  thmy 
likewise  are  torn. 

In  extremely  severe  crises,  in  excessive  flexion  or  mitfked  diaalMie 
of  the  vertebral  column,  the  cord  may  be  U>m,  li^mviDg  between  die 
two  ends  a  hiatus  several  centimetres  in  length,  which  is  fiUed  wilh 
bloiKl.  Under  the  microscope  the  two  ends  of  the  C4»nl  pmiifU)!  ilitf 
]»icture  of  the  most  severe  contusion* 

When  the  nature  of  the  injury  furnishes  an  opt  i>\    ;  s. 

tion,  such  cases  may  l)e  attjw*ked  by  purulent  m  ^  uj  or  m-rt* 
rarely  by  absoeea  of  the  cord*  Botli  of  thi^e  condiltoiw, 
occur  also  se<'ondarily  from  a  severe  bedflcife  or  paesihljr  frcmi 
In  case>s  in  which  the  cord  is  injured  while  the  bonee  are  intact,  Um 
clinical  and  anatomical  condition  is  that  of  bflsnuiioBiyeliA* 
hemorrliage  in  these  cases  is  generally  hx^ted  in  the  gmj 
but  extends  as  a  tubular  hemorrhage  often  ovot  long 
some  iustauoeis  it  affects  only  a  portion  of  tlte  gray  eolnmne,  m  pea- 
ierior  or  an  anterior  horn.  For  further  details  the  reader  mmj  ochk 
salt  the  section  on  hiematomyelia. 
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Symptoms. 


For  the  sake  of  simplicity  we  shall  discuss  here  first  the  symp- 
toms of  severe  contusion  of  the  cord^  caused  by  blunt  force  and  in- 
Tolnng  marked  injury  of  the  vertebral  column.  Let  us  assume  that 
we  have  to  deal  with  the  most  frequent  accident,  with  a  considerable 
{hough  not  quite  complete  interruption  of  the  transverse  section  in- 
Tolving  one  segment  of  the  cord  or  a  number  of  them.  The  symj)- 
toms  manifested  may  be  divided  into  those  produced  by  the  segments 
directly  injured,  and  those  due  to  the  interrupted  conduction  below 
ihe  lesion.  With  reference  to  both,  the  following  may  be  stated  as 
of  general  application:  As  regards  segmental  symptoms,  a  differen- 
tiation between  root  and  cord  symptoms,  such  as  we  are  familiar  with 
m  slow  compression  of  the  cord,  is  usually  impossible  in  traumatism. 
In  slow  compression  the  lesion  of  the  roots  may  in  typical  cases  long 
precede  those  of  the  cord,  and  both  phases  may  manifest  themselves 
by  special  symptoms ;  in  acute  traumatism  both  the  cord  lesion  and 
any  i>o8sible  root  lesions  occur  at  the  same  time.  Since  the  symp- 
toms in  injury  of  a  spinal  segment  or  of  the  roots  springing  from  it 
ire  exactly  the  same,  and  in  most  cases  of  spinal  lesion  only  those 
loots  become  diseased  which  spring  from  the  injured  segment,  but 
not  the  roots  of  higher  segments  passing  beside  the  injured  segment 
to  their  points  of  emergence  from  the  spinal  canal,  it  is  easily  under- 
stood that  in  serious  contusions  root  and  cord  symptoms  coincide. 
Only  in  isolated  cases  of  extremely  grave  vertebral  injury  a  portion 
of  the  symptoms — those  whose  location  is  highest — may  be  referred 
to  a  root  lesion  pei'  se;  we  shall  see  hereafter  when  this  is  so  and  that 
Uiis  condition  is  easily  recognized. 

In  the  region  supplied  by  the  injured  segment,  in  supposedly 
more  or  less  total  transverse  lesions,  a  complete  cessation  of  the  cord 
foDctions  must  result.  The  muscles  dependent  upon  the  segment 
will  be  affected  with  a  flaccid  paralysis,  they  will  undergo  atrophy, 
and  will  exhibit  the  reaction  of  degeneration.  Sensibility  must  be 
completely  abolished  in  the  same  regions.  The  tendon  and  cutane- 
ous reflexes  whose  paths  run  through  the  injured  segments  must 
vanish.  For  reasons  to  be  discussed  below,  all  these  symptoms, 
especially  the  atrophy  and  the  electrical  disturbances  of  the  mus- 
dee,  will  be  more  distinct  when  several  segments  are  affected. 

The  symptoms  of  interrupted  conductivity  below  the  lesion  find 
expression  in  disturbances  of  motility,  of  sensibility,  of  the  reflexes, 
and  of  the  sphincters,  and  in  trophic  derangements.  All  muscles  whose 
nuclear  fields  lie  below  the  transverse  lesion  are  paralyzed,  and  this 
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paralysis  is  always  spastic  a 
in  extension  or  flexion  of  th^ 
ap  to  the  level  of  the  cutan 
ment;  a  zone  of  hypersesthc 
aneestheeia  as  a  segmental  s, 
transverse  section  is  not  coi 
as  their  reflex  arc  lies  belo 
and  Achilles  tendons  forme 
are  frequently  so  strong  tha 
induce  shaking  motions  of 
Brown-Sequard).  The  cuta 
low  the  point  of  the  lesioD 
cases »  As  the  disturbance* 
will  be  better  to  discuss  the 
ple^tes  occurring  in  injury  ol 
there  is  first  retention  of  ui 
particularly  when  the  distur 
velops  after  marked  paralyi 
lesion  is  almost  total,  the  se< 
it  is  arrested ;  in  the  paralyz< 
temperature  of  the  skin.  T 
symptoms  in  severe  trans vc 
symptoms  of  course  will  vai 
grouping,  according  to  the  si 
gitudinal  axis  of  the  cord.  ' 
larger  are  tlie  regions  in  wl 
the  more  extensive  therefore 
briefly  enumerated  above, 
those  of  the  upper  cervical 
(subdivided  into  those  of  the 
mil  cord,  and  those  of  the  Iue 
are  the  lesions  of  the  upperi 
equina. 

In  lesions  of  the  dorsal  i 
the  injured  segment  and  thos 
together ;  when  feasiltle  first 
sym|)tom8  are  found;  Girdle 
ing  to  the  level  of  tlie  lesion 
extension,  more  rarely  in  fl 
marked  so-called  spinal  epilf 
diseased  segment;  always  i 
reflexes;  variable  disturbanc 
turition  with  violent  tenesc 
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[TieDilv  retention  of  urine  or  paradoxical  ischuria;   constipation, 

LtiBe<iueBtly  liedsores,  cystitii*,  etc. 

Wlien  the  lesion  is  located  in  the  lower  portion  of  the  cervical  en- 

J-argement,  |>088iblj  pains  and  zones  of  hyperaaathasia  are  found  only 

in  the  ulnar  part  of  the  arm.     We  find  also  atrophic  paralysis  of  the 

■■III all  muscles  of  tlie  hand,  of  the  flexors  and  extensors  of  the  fingei^s 

ud  eventually  of  the  hand,  later  with  reaction  of  degeneration.     An- 

thesia  of  the  trunk  extench*  to  the  level  of  the  second  rib  in  front 

id  of  the  spine  of  the  scapula  behind;  in  the  arm,  it  implicates  only 

'^lie  ulnar  hidf.     Contraction  of  the  pupils  and  of  the  palpebral  fis- 

^ures  exists,  and  there  is  paralysis  of  the  mnseles  of  the  trunk  and 

J®!?8*     The  condition  of  the  reflexes  and  sphincters  is  the  same  as  in 

injury  to  the  dorsal  cord. 

In  lesions  at  this  iioint  we  often  obsers^e,  as  pointed  out  by  Thor- 
ium, a  peculiar  position  of  the  arms ;  at  the  shoulder  they  are  ab* 
ducted,  at  the  elbow  flexed  and  ]>ronated.  This  is  due  to  the  fact 
^bat  the  muscles  retjuired  for  this  position,  whicli  are  mostly  derived 
^TT>ni  the  filth  cervical  root,  are  not  involved  in  the  paralysis  in  these 
and  are  sometimes  perhaps  even  in  a  state  of  slight  contracture, 
"ffhen  the  lesion  affects  the  upper  part  of  the  cenical  enlarge- 
^^t,  the  forearm  ancl  hand  present  a  sjiastic  paralysis,  the  upper 
and  shoulder  an  atrophic  j>aralysis.  Pains,  if  i>resent,  are  located 
'fciefly  in  the  shnulder.  The  antesthesia  aS'ects  the  arms  over  their 
^^tire  extent.  Othenvise  all  the  conditions  are  the  same  as  in  lesions 
^^f  the  lower  half  of  the  cervical  enlargement.  The  state  of  the  pupils 
^nd  |«di>ebral  fissures  is  still  undetermined. 

In  injury  to  the  upper  half  of  the  cervical  cord  a  spastic  i»aralysis 

all  four  extremities  would  occur  and  the  muscles  concerned  in  the 

lovements  of  the  head  w^ould  also  \je  imr>licated.     The  aniBHthesia 

^^ril[  involve  also  i>ortions  of  the  nuchal  and  cervical  regions.     The 

^jiaphragm  must  likewiBe  bo  paralyzed.     In  hixationa  of  the  upper- 

inofit  cervical  vertebrae,  besides  the  aljo^'e-described  abnormal  position 

of  the  head  and  neck,  pain  in  the  oecii»ut  and  stiffness  of  the  nucha 

are  also  present*     If  the  cord  is  involved  in  any  degree,  all  the  spinal 

tDOBcles  and  eventually  also  the  hypoglossi  are  paralyzed.    Unless  aid 

IB  immediately  rendered,  death  is  bound  to  occur  soon.     In  lesions 

of  anv  part  of  the  cervical  enlargement,  erection  of  the  penis  is  very 

ent  or  there  is  at  least  some  turgidity  of  the  meml>er  which  in- 

*B  with  any  manipulation,  for  instance,  during  catheterization, 

•arely  pyrexia  has  l>eeu  observed  in  aildition,  for  w^hich  there 

»n  no  other  explanation. 

aen  the  upi>er  portion  of  the  lumbar  enlarKement  of  the  ccu*d  is 
sd,  there  may  be  occasionally  flaccid  atrophic  paralysis  in  the 
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distribution  of  the  crural  and  obturator  nerves,  with  abeencft  • 
patellar  reflex.  The  ansesthesia  o€€upies  the  whol©  ol  both 
Pains,  if  present,  are  found  in  the  distribution  of  the  cniral 
The  disturbances  of  the  bladder  and  rectum  may  be  the  smu 
lesions  of  the  dorsal  cord.  In  contusion  of  the  sacral  cord  \ 
atrophic  degenerative  paralysis  in  the  muscles  uf  the  leg  m 
possibly  also  in  the  flexors  of  the  thigh.  The  remaimng  miui 
the  thigh  are  normal ;  the  patellar  reflex  may  be  j^reserved,  tie 
lea  tendon  reflex  is  absent.  The  antesthesia  involves  the  fc 
posterior  surface  of  the  thighs  and  legH.  The  bladder  is  coo 
paralyzed  and  contains  only  so  much  urine  as  the  sphincter  va 
retain  by  its  elasticity  j  when  this  amount  is  exceeded,  the  urii 
bles  away*  The  bladder  can  be  emj>tied  by  expression.  Ee* 
of  the  injury  to  the  sacral  plexus  is  to  be  expected  only  when 
an  isolated  lesion  of  the  cord,  the  lumbar  roots  passing  by  On 
cord  remaining  intact.  When  all  of  the  lumbar  enlargeme; 
stroyed— a  condition  usually  observed  in  injury  of  the  lowe 
and  upi)er  lumbar  vertebr© — we  find  atrophic  paralysis  of  tl 
of  the  legs,  absence  of  the  tendon  reflexes,  anpestheaia  exten 
wards  slightly  above  the  flexure  of  the  thigh,  and  paralirsi 
l)ladder  as  in  contusions  of  the  sacral  cord-  In  these  cases  1 
generally  develop  with  sijccial  facility  and  spread  rajiidly, 
the  conns  medullaris  is  alone  injured,  there  is  anaesthesia  of  1 
neum,  of  the  genitals,  and  eventually  also  over  a  median  str 
posterior  surface  of  the  thigh,  together  with  pai^lysis  of  the 
and  impotence. 

When  the  lesion  involves  the  spine  below  the  second  lum 
tebra,  only  the  cauda  equina  can  be  injured;  the  symptom 
ease  are  usually  the  same  as  in  lesioos  of  the  sacral  core 
as  in  those  of  the  entire  lumbar  enlargement.  As  a  rule  the  i 
more  \"Lolent  than  in  injuries  of  the  corresxionding  segmemi 
cord,  and  the  paralysis  is  not  so  symmeti'ical  on  the  two  m 
is  in  cord  lesions- 

This  completers  the  rough  descrij^tion  of  the  symptoms  ca 
lesions  at  the  various  levels  of  the  cord,  particularly  as  regal 
extent  and  groujiing.     But  it  is  aspeciaUy  in  injuries  of  the  c 
such  a  deacription  in  bold  outlines  proves  insufficient,    * 
fjur  iiresent  demands  upon  diagnosis  with  referene* 
causal  treatment.     In  every  single  case  we  must  e: 
the    extent   of    the    paralyses    and   ansBsthesias,   m 
alxive  all  to  the  upiier  limits  of  these  two  symptou 
demonstrate  at  the  same  time  the  upper  limit  of 
cord.     This  will  convince  us  that  chance  does  not 
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ite  level  of  the  lesion  detenniiies  a  poHitive  limit  for  the 
tftiices  of  seDsibility,  and  that  a  certain  n timber  of  muscleB  are 
^tedj  wMle  other  groups  are  preser^'ed,  the  latter  becoming  less 
►portion  as  the  level  of  the  lesion  rises,  This  i^rouping  corre- 
B  in  detail  to  what  we  know  thus  far  regarding  the  localization 
functions  of  the  several  segments  of  the  cord.  Since  a  lesion 
{  no  clinical  symptoms  above  its  upper  level,  although  it  pitH 
ascending  degeneration,  the  highest  paralyzed  muscles  must 
ably  correspond  to  the  upjier  limit  of  this  lesion  and  the 
i  groups  supplied  from  above  this  point  will  not  be  para- 
Thus,  for  instance,  with  a  lesion  situated  in  the  sixth  cer- 
legment,  the  paralysis  will  affect  all  the  arm  muscles  except 
depending  upon  the  fifth  cen^ical  segment,  namely,  the  del- 
deeps,  brachialis  internus,  and  supinator  longus.  The  same 
I  applies  to  sensibility ;  when  the  upper  end  of  the  lesion 
8,  say,  the  seventh  cer^^ical  segment,  the  entire  ulnar  half  of 
ms  will  be  ansBethetic^  while  the  radial  half  will  have  normal 
Oily. 

J.1EATI01I  OF  THE  FofCTlONS  OF  THE  SEGMENTS  OF  THE  SfTKAL  CoRD. 


it 

Moedos. 

Reflexea 

Cutaneous  Senaatlou. 

rlc&l 

Rectus  cApitle. 
Antlcuft  and  posticus. 
Sternohyoid 
StertioLhyroid. 

tad 

Sternonmstold. 

lospiratloii  produc*^  by  sud- 
den   presaure    brneath    the 

Back  of  bead  to  Tertei  and 

«Ti- 

TrmpezJuii. 
gcfrlieita  »tid  neck. 

neck. 

lower  border  of  ribH. 

IM&phragiD. 

«ni- 

Diaphniffm. 

Dilatation  of   the  pupi!  pro- 

Hive k  of  neck. 

neltolcT 

duced  by  Irritation  of  neck;  Hlioulder,  upper  aurface. 

Bicepa. 

(fourth    to  seir«nth   cervl- 

Out^r  Rurfnoe  <if  arm. 

CoracobrachiflllB, 

calj. 

Anterior  jvvrtion  thorax  as  far 

Supinator  lougus. 

aa  the  second  rib. 

Rhomboid. 

Supra-  and    itifrftepi- 

llfttUSw 

©nrl- 

Ddtold, 

Scapular  ( flf  th  cerrlcal  to  ftrat 

Back  of  shoulder  and  ann. 

Bfcopc^ 

don»J). 

Outer  Bids  of  arm  and  fore- 

Uoracobrachlalli, 

Tendon  reflexes  r>f  the  corre- 

ann. 

BmnbUUH  antfcus, 

Bpooding  muscles. 

Supkuitor  longufl. 

SupiuAtoi-  bnevig. 

Rhomboid. 

Teres  miior. 

Pectoral  ia    (clarlculsr 

pmnh 

Serrmtua  maf^us. 

errl. 

Btcepe. 

Br«chiali»  antlctifl. 

Tendon  refleie«  of  the  t*xten 

riuter  side  of  forenrm. 

mm  of  thearin  and  f  rtn?arui 

Back  of  hand,  radial  diatri- 

Eitenaori  of  the  hand 

Pnaterlor     wriRt      (sixth     to 

bution. 

and  flngera. 

el  Kb  lb  per?  leal}.     TajiplnK 
teudoD  causes  extensioii  of 

Pectoral  ia  (clarlciilar 

part). 

hand. 

Serratus  magniw. 

THoefw- 

pronators. 

V€ 

h.  XI. --^7 
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paralysis  is  always  spastic  and  after  eoine  time  leads  to  a 
in  extension  or  dexiou  of  the  paralyzed  limb.  The  aensibtlilj  k  kmi 
up  to  the  level  of  the  cutaneous  reKiou  supplied  by  the  lAJnrdd  mgr 
meut;  a  zone  of  hypera^sthesia  sometimes  preaentB  iteelf  abcmi  Ili0 
aoaiBthesia  as  a  segmental  symptom.  The  tendon  refleset,  when  Um 
transverse  section  is  not  completely  intermpted,  are  increaMd  wo  fv 
as  their  retlex  arc  lies  below  the  lesion,  and  a  clonns  of  thd  fiatallar 
and  Achilles  tendons  forms  rapidly.  These  spastic  manifofilAtioiift 
are  frequently  so  strong  that  even  very  slight  movemenle  ci  tbm  il0i 
induce  sh^iking  motions  of  all  the  muscles  (the  spinal  epilepajr  of 
Brown-Seiiuard).  Tlie  cutaneous  reflexes  may  al»o  be  increased  b^ 
low  the  i^oiut  of  the  lesion,  at  all  events  Uiey  are  pufiaeiit  in  mcvfl 
cases.  As  the  disturbances  of  the  sphincters  may  vary  grealljt  i^ 
will  be  better  to  discuss  them  in  connecTtiou  with  tlie  aym|«loiii 
plexes  fx'curriug  in  injury  of  the  several  segments  of  the  ootd* 
there  is  first  reteution  of  urine,  later  incontinence.  Bedaoraa 
particularly  when  the  disturbance  of  sensibility  is  Uiiali  cjelitia  de- 
velops after  marketl  paralysis  of  the  bladder.  When  the  tzanav^t*!? 
lesion  is  almost  total,  the  secretion  of  sweat  in  the  entire  region  bekrw 
it  is  arrested ;  in  the  paralyzed  legs  we  often  find  oedema  and  incnaaed 
temperature  of  the  skin.  This  much  can  be  said  in  general  about  Uio 
sym])i(3ms  in  severe  transverse  lesions  of  the  cord.  OUierwifle  tlie 
symptoms  of  course  will  vary  much,  particularly  in  their  eOEtent  and 
grouping,  according  to  the  site  of  the  lesion  with  reference  In  the  IcNi* 
gituilinal  axis  of  the  cord.  The  higher  the  situation  of  tbe  leascni  fbe 
larger  are  the  regions  in  which  iier\e  conduction  is  tntermpled,  and 
the  more  extensive  therefore  will  be  the  disturbanoee  wliiek  hate 
briefly  enumerated  above.  The  lesions  may  be  roaghly  dirided 
those  of  the  uiiper  cervical  cord,  those  of  the  cervical  eali 
(sulKiivided  into  those  of  the  upper  and  lower  half),  thoee  of  the 
sal  cord,  aud  those  of  the  bimlmr  and  sacral  portions.  BeeidH 
are  the  lesions  of  the  upiieimost  cervical  cord  and  thoee  of  the 
ecjuiua. 

In  lesions  of  the  dorsal  cord  {in  this  connection  the  eymploaifl  of 
the  injured  segment  and  those  of  the  condnctiug  [lathe  are  ennmemled 
together;  when  feasible  first  the  former,  then  the  latter)  tlMl 
symptoms  are  found :  Ginlle  pain ;  a  hyjieneethetio  so 
ing  to  the  level  of  the  lesion ;  spastic  paralysis  of  the  legB»  osnaDy  in 
extension,  more  rarely  id  flexion;  patellar  and  anUe  elonna;  cAiB 
marked  so-called  spinal  epilepsy ;  anflBstheeia  up  to  and  tw^lw^f*!^  |ha 
diaeaeed  segment;  always  preeen'ed  and  often  increaeed 
reflexes;  variable  disturbances  of  the  vesical  functione, 
tnrition  with  violent  tenesmus,  sometimes  involontary 


I 


k 


CORD. 


£79 


of  the  muscular  paralysis 
n  ascertain  from  the  table 


€f 


a 


16  i^ 


[a.-^ 


c 


JO 


12 


tl^ 


L1 


—  Ooti 


Fig.  tiiO,-  Diapnim  showiD^f  the  Rf- 

*        In  Hon»  of  Llie  Sptnrms  Proce»»ea  ti i 

J       I  he  Bijdiea  of  the  Vertebm*  and  of 

thftM^  to  the  Point H  of  nriRln  of 

I       llie  SpLniilNerirtJSiOow  era) . 


576 


BEUNB  AND  WINDSCimiD-- DISEASES  OF  TBB  8FINAL  CQMD. 


distribution  of  tlie  crural  and  obturator  nerves,  with  abmom  of  i 
patellar  retles.  The  anfeathesia  occupies  the  whole  of  both  lo^i* 
Pains,  if  present,  are  found  io  the  distribution  of  the  <3mial  aarm. 
The  disturbances  of  the  bladder  and  rectum  may  l>e  the  Sftme  an  ill 
lesions  of  the  dorsal  cord*  In  contusion  of  the  sacral  cord  wa  find 
atrophic  degenerative  paralysis  in  the  muscles  of  the  I«g  and  fDOl, 
possibly  also  in  the  Hesors  of  the  thigh.  The  reioainijig  biqmIbb  of 
the  thigh  are  normal;  the  patellar  reflex  may  lie  [>rt»erved»  Iho  Achil* 
les  tendon  reflex  is  al)sent.  The  auiesthesia  i^  '  the  foot  aad 
IK)sterior  surface  of  the  thighs  and  legs.     The  1  is  complelelj 

jmralyzed  and  contains  only  so  much  urine  as  the  sphincter  t^osieid  emu 
retain  by  its  elasticity ;  when  this  amount  is  exceeded,  the  tuilift  dxib* 
bles  away.  The  bladder  can  I>e  emptied  hy  expression.  RertrifllkNi 
of  the  injury  to  the  sacral  plexus  is  to  be  exj^ected  only  wheo  tberB  is 
an  isolated  lesion  of  the  cord,  the  lumbar  roots  "       hy  tlieMeisl 

cord  reniaimug  iutact.     When  all  of  the  lumb  <  r gemanl  is  di^ 

stroyed— a  condition  usually  observed  in  injury  of  the  lowar  dotiud 
and  upper  lumbar  vertebra:? — we  find  atro[ihic  [Mindysis  ot  tlid  whole 
of  the  legs,  absence  of  the  tendon  reflexes,  anaistheeia  aiteDding  up* 
wards  slightly  ab<ive  the  flexure  of  the  thigb,  and  iiaralysis  of  the 
Idadder  as  in  contusions  oi  the  sacral  cord*  In  these  earn 
genendly  develop  with  special  facility  and  spread  mpidljr* 
the  oonus  medullaris  is  alone  injured,  there  is  aniBsthesiaol  the  peri* 
tieum,  of  the  genitals,  and  eventindly  also  over  a  median  atrip  mk  1 
pofiterior  surface  of  the  thigh,  together  with  i>aralysis  of  the  hi 
and  imiKjtence, 

When  the  lesion  involves  the  spine  below  the  second  lumbar  vt 
tebra,  only  the  cauda  eciuimi  can  be  injured;  the  sympttims  in 
case  are  usually  the  same  as  in  lesions  of  the  aacml  ccnd^  midy 
as  in  those  of  the  entire  himbar  enlargement.  As  a  mle  the  peine  em 
more  violent  than  in  injuries  of  the  corresiKjnding  SQgmeiilB  of  the 
cordp  and  the  paralysis  is  not  so  symmetrical  on  the  two  Sldse  as  il 
is  in  cord  lesions. 

This  completes  the  rough  description  of  the  symptoios  flioeed  bf 
lesions  at  the  various  levels  of  the  cord,  particularly  as  mgeide  their 
extent  and  grouping.  But  it  is  esj^ecially  in  injuries  of  the  oofd  thsl 
such  a  description  in  bold  outlines  proves  insufficient,  abore  eO  with 
our  present  demands  U)>on  diagnosis  with  reference  to  e  posaible 
causal  treatment.  In  every  single  case  we  must  exaoUy  detaneioe 
the  extent  of  the  paralyses  and  aiUBsthesiaSy  BXid  thw  eppHee 
above  all  to  the  uiii>er  limits  of  these  two  symptom  groups,  as  wm 
demonstrate  at  the  same  time  the  upper  limit  of  the  leeioii  in  the 
cord.     This  will  coaYinoe  as  that  chance  does  not  goTera  hete. 
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every  definite  level  of  the  lesion  determines  a  i)ositiye  limit  for  the 
disturbances  of  sensibility,  and  that  a  certain  number  of  muscles  are 
paralyzed,  while  other  groups  are  preserved,  the  latter  becoming  less 
in  proportion  as  the  level  of  the  lesion  rises.  This  grouping  corre- 
sponds in  detail  to  what  we  know  thus  far  regarding  the  localization 
of  the  functions  of  the  several  segments  of  the  cord.  Since  a  lesion 
causes  no  clinical  symptoms  above  its  upper  level,  although  it  pro- 
duces ascending  degeneration,  the  highest  paralyzed  muscles  must 
invariably  correspond  to  the  upper  limit  of  this  lesion  and  the 
muscle  groups  supplied  from  above  this  point  will  not  be  para- 
lyzed. Thus,  for  instance,  with  a  lesion  situated  in  the  sixth  cer- 
vical segment,  the  paralysis  will  affect  all  the  arm  muscles  except 
those  depending  upon  the  fifth  cervical  segment,  namely,  the  del- 
toid, biceps,  brachialis  internus,  and  supinator  longus.  The  same 
remark  applies  to  sensibility;  when  the  upper  end  of  the  lesion 
reaches,  say,  the  seventh  cervical  segment,  the  entire  ulnar  half  of 
the  arms  will  be  ansesthetic,  while  the  radial  half  will  have  normal 
sensibility. 

Localization  of  thb  Functions  of  the  Segments  of  the  Spinal  Cord. 


Musolei. 


Reflexes. 


Cutaneous  Sensation. 


nitoHTtcal 


Beeood  and 

thlnloerTi- 
etL 


AmrthoerTi- 
etL 


Fifth 
esL 


Rectus  lateralis. 
Rectus  capitis. 
Anticus  and  posticus. 
Sternohyoid. 
Sternothyroid. 

Stemomastoid. 
Trapezius. 
Scaleni  and  neck. 
Diaphragm. 

DiaphraguL 
Deltoid. 
Biceps. 

Ooracobrachialis. 
Supinator  lougus. 
Rhomboid. 

Supra-  and    infraspi- 
natus. 

Deltoid. 


Ooracobrachialis. 
Brachialis  anticus. 
Supinator  longus. 
Supinator  brevis. 
Rhomboid. 
Teres  minor. 
Pectoralis  (clavicular 

part). 
Serratus  magnus. 


Sixth    oerrl. 


Biceps. 

Brachialis  anticus. 
Extensors  of  the  hand 

and  fingers. 
Pectoralis  (clavicular 

part). 
Serratus  magnus. 
Triceps. 
Pronators. 
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Inspiration  produced  by  sud- 
den pressure  beneath  the 
lower  border  of  ribs. 


Dilatation  of  the  pupil  pro- 
duced by  irritation  of  neck 
(fourth  to  seventh  cervi 
cal). 


Scapular  (fifth  cervical  to  first 

dorsal). 
Tendon  refiexes  of  the  corre 

spending  muscles. 


Tendon  refiexes  of  the  exten- 
sors of  the  arm  and  forearm. 

Posterior  wrist  (sixth  to 
eighth  cervical).  Tapping 
tendon  causes  extension  of 
hand. 


Back  of  head  to  vertex  and 
neck. 


Back  of  neck. 
Shoulder,  upper  surface. 
Outer  surface  of  arm. 
Anterior  portion  thorax  as  far 
as  the  second  rib. 


Back  of  shoulder  and  arrn. 
Outer  side  of  arm  and  fore- 


Outer  side  of  forearm. 
Back  of  hand,  radial  distri- 
bution. 
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cervical  segment.  When  the  aiaiestbeeia  of  the  tronk  reiiches  into 
the  region  supplied  chiefly  hy  the  hfth  dorsal  segment  and  m  tolaU 
we  must  assume  at  leu^t  an  iuiplii^ation  of  the  fourth  doreal  m^ 
ment.  In  short,  in  a  case  of  itaral  vsIh  and  aniestheeia  extending  to 
aot^rtain  height,  we  must  always  awHiime  a  lesion  of  the  tipiietniail 
segment  in  question.  Another  result  of  this  extensile  azuAtotncfliacif 
the  proc^essea  of  the  several  segments  at  the  jjeriphery  ia  that  witll  a 
lesion  of  Init  one  n)ot  or  a  single  segment,  segmental  symptoiiia 
be  altogether  absent*  f<>r  these  i*e<iiiire  a  lesion  of  several 

In  the  second  plac*e  inilividual  variations  occur.    Thiis  we  are  flQTe 
from  i^ersonid  and  r»tlipr  ol>seniitic>ns  thjit  wliil©  as  a  role  the  fizal 
dorsal  segment  iunenates  the  small  hand  musclee,  iu  acune 
the  eighth  cervical  and  in  ijtht^rs  akr)  the  seventh  oonrical 
take  part.     Only  wlieii  the  latter  in  luimpletely  destrf>Ted 
paralysis  and  atrophy  of  the^e  muscles  {lersist.     In  like  mADoer 
dilator  i>u[>iU^  de|>ends  not  only  ninm  the  first  dorsal  segnieol 
also  upon  the  second  and  tliinl  dr^rnal  ami  the  eighth  cervical 

In  making  use  of  tbe  tahle  with  tlie  precautious  hem  explaJDed,  it 
will  be  iM)H8ible  Ui  calculate  in  every  case,  after  a  carefiil 
tion  of  the  extent  of  the  sensory  and  motor  distuffaaiieea,  to  whaA 
the  lesion  in  the  cord  roaches. 

We  have  made  a  sharp  distinction  alx)ve  between  the  symploaa 
of  the  injured  Hegmeut  antl  tli<ise  of  the  interrupted  comlucliciii.     Jk^ 
would  be  of  pra<-iticAd  importance  if  we  cumld  always  pnaitivaljr 
mine  in  a  concrete  case  what  is  defiendent  uiK>n  the  functioiial 
turbances  of  the  one  or  the  other.     Bince.  as  atntve  atated, 
no  hjss  of  function  above  the  lesion,  it  is  evident  that 
our  bible  the  highest  segmental  s\  mpt4>ms  in  a  concrete 
directly  traumatic. 

It  is  mom  difficult  to  determine  the  lower  limit  of  the 
This  may  he  possible  at  the  cervical  and  lumbar  enlargemeiila.  AD 
the  muselee  supi»lied  by  the  directly  injured  iKjrtion  of  the  oofd  will 
present  flacci<1  |»aralysis,  atrophy,  and  sooner  or  later  the  reaction  of 
degeneration.  All  the  muscle  supplied  by  nerree  given  off  fadcnr  Iha 
lesion  will  exhibit  spastic  paralysis.  On  the  other  band  BO 
eiioe  in  aensory  disturbances  will  l»e  found,  whether  they  depend 
reotly  upon  the  contused  cord  or  u|x>n  the  interrut»ted  oondi 
caudad  of  it.  At  the  dorsal  coni  where  in  moet  ca^ea  it  ia  ool 
sible  for  us  to  demonstrata  degenerative  muscular  pamlyaea 
itig  upon  the  segmental  lesion  and  we  are  restricted  to  the  a»iaibiK|3r» 
the  lower  limit  of  the  direct  traumatic  lesion  canuot  be 

We  have  now  exhausted  the  syraptomat^ilogy  in  caaoa  ol 
though  not  (jaite  comjilete  transverse  lesioUi  of  course  cmly  ao  iu* 


and  ^H 
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as  this  can  be  done  in  a  general  way,  since  every  case  will  Lave 
pecnliaritiee  of  its  own.  The  symptoms  are  somewhat  modified 
when  the  lesion  of  the  cross  section  is  complete.  In  such  cases, 
even  when  the  lesion  has  a  dorsal  or  cervical  location,  the  paralysis 
lemains  flaccid  and  the  tendon  reflexes  below  the  injurj*  continue 
permanently  absent  despite  the  occurrence  of  a  descending  degenera- 
tion of  the  pyramidal  tracts  and  although  the  lumbar  enlargement 
and  the  peripheral  nerves  and  muscles  are  intact.  This  was  first 
observed  by  Bastian  and  was  subsequently  confirmed  in  many  cases, 
especially  of  traumatic  injury,  and  was  rendered  quite  certain  from  an 
anatomical  point  of  view  by  the  writer.  The  cutaneous  reflexes  may 
also  be  absent  in  such  cases,  though  this  is  not  quite  so  certain,  and 
the  plantar  reflex  especially  is  often  very  resistant.  The  bladder  in 
total  transverse  lesions  is  in  the  same  state  as  it  is  in  lesions  of  the 
Imnbar  cord,  even  when  the  traumatism  has  its  seat  in  the  dorsal  or 
cervical  portion.  Bedsores  usually  develop  rapidly.  The  diflferen- 
tiation  of  these  cases  of  lumbar-cord  lesions  is  of  course  possible  from 
the  extent  of  the  sensory  and  motor  disturbances.  Besides,  the  re- 
action of  degeneration  is  absent  in  the  legs  affected  with  flaccid  pa- 
lalysis;  but  the  electrical  irritability  is  usually  reduced. 

When  the  transverse  lesion  is  incomplete  it  is  obvious  that  both 
the  segmental  symptoms  and  those  of  interrupted  conductivity  may 
be  only  imperfectly  developed.  As  a  rule,  however,  the  motor  dis- 
turbances are  distinctly  present  and  correspond  to  the  level  of  the 
lesion,  while  the  sensory  disturbances  are  not  manifested  until  we 
reach  a  point  much  farther  down ;  for  instance,  in  dorsal-cord  lesions 
they  can  be  first  demonstrated  only  on  the  legs  or  they  may  be  lack- 
ing altogether.  In  these  cases  the  vesical  disturbances  may  also  be 
but  slight.  The  tendon  reflexes,  in  so  far  as  their  arch  is  situated 
below  the  lesion,  are  probably  always  increased ;  whether  they  may 
possibly  be  absent  even  in  slight  contusions  of  the  dorsal  or  cervical 
cord,  as  Babinski  has  demonstrated  for  very  light  chronic  compres- 
sion in  these  regions,  seems  to  me  doubtful. 

When  only  isolated  portions  of  the  transverse  section,  especially 
of  the  gray  substance,  are  injured,  the  symptoms  may  of  course  be 
still  more  restricted ;  for  a  study  of  these  the  reader  is  referred  to  the 
remarks  under  ha^matomyelia. 

As  to  the  changes  in  the  vertebral  column  the  most  important 
points  have  been  stated  above.  It  will  be  sufficient  here  to  empha- 
flize  again  that  they  are  often  altogether  absent  or  cannot  be  demon- 
strated because  careful  examination  for  them  is  not  feasible.  Marked 
projection  of  one  of  the  spinous  processes  is  found  most  commonly 
in  luxations;  usually  it  is  the  vertebra  above  the  projection,  some- 
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times  the  one  below  it,  that  is  displacsd^  but  not  the  one  wIaomi 
protrudes,  Wlien  the  lesion  is  clearly  demonstnibie,  for  ififitsnoej 
the  dorsal  regioUj  the  aneestliesia  will  geiieraUy  begin  abcjut  ^ 
spinoue  proceasea  below  it.  This  dei)ends  on  the  fact  that  the  1 
of  the  aniesthesia  m  caused  by  the  lesi<^n  of  the  adjoining  se^^etitc 
the  dorsal  card  occurring  at  the  level  of  the  injury  of  the  v^rv^bid 
column.  But  the  fifth  vertebral  spine,  for  inntanee,  is  opposite  I 
seventh  doi'Hal  root,  which  does  not  emerge  until  below  the  body  ( 
the  seventh  vertebra,  opposite  the  space  l>etween  the  sixth  and  i 
spines.  The  fifth  Jind  sixth  dorsal  roots  passing  tinder  the  sm 
doi*sal  segment  to  their  points  of  emergence  from  the  vertebral  < 
are  usually  not  implicated  iu  the  injury.  But  since  aeconliog 
Sherrington  the  sixth  root  helps  to  innervate  a  portion  of  the  ( 
ous  region  of  the  seventh,  and  eomi>lete  anfesthesia  occurs  ody  i 
the  regitm  of  the  seventh  root  when  the  former  is  destroyed 
find  in  such  a  case  of  lesion  of  the  seventh  dorsal  segment  that  < 
tinct  sensory  disturbance  begins  only  iu  the  region  of  the  eighth  i 
and  iliG  limit  of  the  sensory  disturbance  is  displaced  still 
spine  below  the  vertebral  lesion,  hence  altogether  aljont  three  spii 
Only  wlicn^  as  happens  in  rare  cjises  of  very  serious  vertebnd  inja 
the  limit  of  the  aniesthesia  and  the  vertebral  lasion  diflfer  bv  bat  i 
mingle  spine  or  are  even  at  the  same  level,  we  are  forced  to  assume  I 
associated  injury  of  the  extraniedullary  roois  situatecl  atthelevrii 
the  lesion  or  perhaj>s  a  hemorrhage  into  the  cord,  or  an  cedema  i 
ing  above  the  seat  of  the  lesion. 

In  stab  wnuDds  of  the  cord,  even  when  the  lesion  as  usual  invol*! 
merely  one-half  of  the  cord,  a  paraplegia  will  always  exist  below  f 
l>oint  of  the  lesion  owing  to  hemorrhage  and  oedema  on  the 
side.     In  general,  with  great  longitudinal  extent  of  the  injury, 
segmental  symptoms  in  these  cases  are  apt  to  be  slight.    Sob 
quently  the  ]jicture  of  a  unilateral  lesion  of  the  cord  will  very 
qnontlv*  develop,  and  it  is  these  case?  of  injury  in  particular  iu  wh 
l>rowu-8e«piard's  sym[)tom  complex  shows  itself  in  a  pure  form. 
typical  cases  of  the  kind»  for  instance,  in  right  unilateral  iujoiTrf 
the  dni-sal  cord,  a  right  motor  paralysis  will  be  present.     The  latter 
is  nearly  always  (^)f  a  sjiastic  ty|je  and  the  tendon  reflexas  are  in- 
creased to  a  clonus,  though  a  few  cases  have  been  described  in  which 
they  were  absent.     On  tlie  paralyzed  side  the  muscle  s 
sense  of  position  have  disappeared.     As  a  rule  the 
markedly  hyper^esthetic.     On  the  non-paralyzetl  side 
sensation  may  be  absent  or  only  the  sense  of  pain  anc 
Slightly  below  the  level  of  the  lesion  there  is  nsua 
Ivzed  sidi'  ;i  stnall  zone  of  anaesthesia  and  above  it  a  si 
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of  hjpersBBthesia;  on  the  ansestlietic  side  we  also  find  occasionally  a 
narrow  hypersesthetic  zone  above  the  anesthesia. 

When  the  unilateral  lesion  is  situated  in  the  upper  dorsal  and 
lower  cervical  cord,  for  instance  on  the  right  side,  the  pupils  and  pal- 
pebral fissures  will  be  contracted;  the  muscles  of  the  hand  and  some 
of  those  of  the  right  forearm  yndergo  flaccid  paralysis  and  atrophy ; 
the  ulnar  side  of  the  arm  may  be  ansBsthetic;  in  the  middle  of  the 
arm  possibly  a  small  strip  of  hypersesthesia  may  be  present.  The 
trunk  and  leg  on  the  same  side  present  the  same  conditions  as  in 
unilateral  lesion  of  the  dorsal  cord,  on  the  opposite  side  sensation  is 
ahaent  from  the  second  intercostal  space  down.  A  typical  case  of 
stab  wound  at  this  level  has  recently  been  described  by  Jolly. 

While  the  explanation  of  the  motor  symptoms  in  unilateral  lesion 
and  of  the  disturbance  of  the  reflexes  presents  no  difficulties,  the 
same  remark  applies  with  even  greater  force  to  the  crossed  ansBsthesia 
of  the  non-paralyzed  side.  Though  it  is  certain  that  a  part  of  the 
posterior  root  fibres  decussates  soon  after  entering  the  cord,  still 
anatomy  thus  far  has  not  proved  that  there  is  a  decussation  of 
all  sensory  pathways  with  the  exception  of  those  for  the  muscle 
sense  which  is  disturbed  on  the  injured  side.  Brown-Sequard,  who 
in  opposition  to  Schiff  formerly  maintained  the  view  of  a  complete 
decussation  of  all  sensory  pathways,  abandoned  it  in  the  last  years  of 
bis  life  and  became  an  advocate  of  Schiff's  theory,  according  to  which 
there  was  an  inhibitory  effect  of  the  lesion  ux)on  the  sensory  path- 
ways of  the  ox)posite  side.  The  anaesthetic  zone  on  the  side  of  the 
lesion  and  about  the  level  of  the  latter  is  easily  interpreted  as  a  result 
of  a  direct  injury  of  the  posterior  roots,  as  is  the  superimposed  zone 
of  hypersBsthesia  as  a  consequence  of  an  irritation  but  not  a  paralysis 
of  the  uppermost  posterior  roots  of  the  injured  side.  In  harmony 
with  our  views  gained  by  Sherrington's  experiments  is  the  fact  that 
this  zone  of  anaesthesia  occui*s  only  when  the  traumatic  lesion  in- 
Tolves  several  segments.  Inexplicable,  however,  is  the  hyjpersesthesia 
of  the  entire  paralyzed  side.  Hence  we  must  be  content  at  present 
with  the  fact  that  the  occurrence  of  Brown-Sequard's  symptom  com- 
plex is  not  rare. 

An  iUustrative  case  with  the  symptoms  of  a  unilateral  lesion  at 
the  level  of  the  dorsal  root  was  observed  some  years  ago  by  Charcot 
after  injury  of  the  cord  by  a  pistol  bullet.  The  anaesthesia  at  the 
nlnar  side  of  the  forearm  which  could  be  ascribed  to  the  segmental  or 
root  lesion  affected  only  the  sense  of  pain  and  temperature.  The 
case  therefore  strongly  recalled  one  of  syringomyelia. 

When,  in  very  serious  but  on  the  whole  quite  rare  cases,  the  spinal 
canal  and  the  cord  have  become  infected,  an  ascending  progressive 
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ioflamniaiion  will  manifest  itself  by  corresponding  painTiigi 
the  back  and  nucha,  and  eventually  by  cerebral  symptoms,  hi 
soees  in  the  region  destroyed  by  traumatism  e^n  produce  no  i 
symptoms.  In  these  cases  fever  will  set  in,  which  otherwifleiftl 
rare  in  cord  lesions,  aside  from  those  located  high  in  the  cerviolt 
or  which  is  due  to  complications  such  as  cystitis,  pyelitis,  and! 
static  pneumonia. 


CouESE,  Duration,  and  Tebmination. 

The  process  in  the  cord  is  not  always,  even  aside  from  true 
tions,  complete  with  the  cessatioD  of  the  traumatism.     On  the 
trary,  in  most  cases  probably  a  capillary  hemorrhage  or  an 
spreads  upwards  and  downwards  for  some  time  after  the  mji 
Since  in  approximately  total  transverse  lesions  such  an  eo^eiiirii 
extending  hemorrhage  or  cedema  cannot  produce  new  clinical 
toms  telow  the  injured  cross  section,  the  impression  is  gained 
these  cases  that  the  morbid  process  advances  only  upwards.    In 
cases  as  have  been  obser\^ed  particularly  by  Thorburn,  one 
after  another  above  the  lesion  is  gradually  attacked ;   at  first 
only  the  hand  muscles  are  i>aralyzeti,  then  those  of  the  f« 
finally  those  of  the  npijer  arm  and  shoulder.     The  limit  of  the 
thesia  extends  in  like  manner  by  degrees  higher  and  higher. 
merles'  these  processes  were  designated  as  progressive  so-called 
matic  myelitis;    but  in  uncomplicated  cases  there  is  no  giaimd 
assuming  the  presence  of  an  inflammation,  the  after-hemorrhage 
the  cedema  explain  everything.     If  the  patient  continues  to  live, 
symptoms  which  are  not  directly  dependent  upon  the  contnsion 
the  cord  again  recede. 

In  the  beginning  the  morbid  picture  of  the  cord  leeion,  at  1 
iu  grave  contusions,   m  complicated  by  the  general   shock,  wl 
in  it'ielf  soraetiraes  causes  the  death  of  the  patient.     To  the 
eonilition  was  formerly  also  ascribed  the  absence  of  the  tendao 
flexes  soon  after  the  injury,  even  when  this  was  located  in  the 
or  cervical  cord,  ea]>ecially  in  cases  in  which  the  reflexes  rea] 
in  a  fpw  days  and  then  rapidly  increased.     It  is  just  as  likely, 
ever,  that  in  these  cases  there  was  at  first  a  comrilA^i*  inl»rmniin& 
condut'tion  in  which  natural! 3'  the  tendon  refle 
this  retrogressed  so  as  to  \ye  only  partial  b^ 

Death  is  the  most  fre<iuent  t^rminatio 
the  cnnl.     When  a  lesion  involves  the  ' 
of  the  sknll^for  instance,  in  luxation  oj 
not  be  at  once  efi'ected,  or  if  the  inji 
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^^^li  lill  rapidly  and  sometimes  immediately  follow  the  accident* 
.  ^s  is  the  case  also  when  the  region  of  the  phrenic  nuclei  is  directly 

5      Death  by  asphyda  oc^ura  early,  nsnally  a  few  days  after  the  in- 
^l^y,  when  tlie  seat  of  the  lesion  is  high— for  instance,  in  the  upper 
^i8al  cord — and  the  secondary  cBdema  or  the  after-hemorrhage  in  its 
^iJWani  spread  involves  more  and  more  of  the  centres  for  the  auxili- 
^iv  muscles  of  respiration  and  finally  also  the  phrenic  nerve.     Kela- 
vjrtly  as  rapid  is  the  effect  of  an  infection  with  meningitis  and  abscess 
Tonaation  or  of  some  other  intercun'ent  disejise,  especially  pneu- 
^laonia.     In  the  great  majority  of  cases,  however,  the  patients  surWve 
/or  some  time  after  the  injnry  and   do  not  succumb  until  weeks  or 
months  later  to  various  complications,  most  fre(|uently  bedsores,  then 
eystitis,  i>yelitis  and   nephritis,  or  pneumonia,  finally  also  genei'al 
marasmus.     These  secondary  moi'bid  phenomena  of  course  predomi- 
nate in  the  later  periods  of  the  disease,  after  the  recovery  from  shock. 
Along  with  them  all  the  indirect  sef|uela3  of  the  traumatism — muscu- 
lar atrophies,  contractures,  etc. --may  have  sufficient  time  to  develop. 
A  fatal  issue  therefore  is  nearly  inevitable  in  all  cases  of  grave  in- 
of  the  cord,  and  the  only  question  is  jis  to  the  time  which  intenreues 
een  the  lesiou  and  the  lethal  termination.     lu  general  it  may  l>e 
said  that  life  is  jeoiuirdized  the  more  seriously  and  rapidly  the  higher 
18  the  lue^tioo  of  the  lesion  and  hence  the  more  extensive  are  the  func- 
tional disturbances  caused  by  it.     A  lesion  of  the  lumbar  cord  there- 
fore is  at  first  le^ast  dangerous  to  life,  but  sulisequently  it  liecoraes 
more  so  than  one  involving  the  dorsal  cord,  owing  to  the  disturbances 
of  the  bladder  which  are  usually  serious.     Lesions  of  the  cervical 
cord  are  nearly  always  rapidly  fatal.     Injuries  of  the  cauda  ecjuiua 
per  se  do  not  endanger  Ufe. 

The  prognosis  depends  also  upon  the  extent  of  the  lesion  in  the 
cross  section.  Total  transverse  lesions  in  which  every  function  l>elow 
the  injury  has  ceased  are  moie  rai)idly  and  more  surely  fatjil  than 
partiiil  lesions,  be  the  intact  i>ortiou  of  the  cross  sectit^n  ever  so 
small.  Still,  however  common  a  fatal  terminatioD  may  lie  in  grave 
traumatisms  of  the  spinal  cord,  it  is  not  al:«olutely  inevitable  even  in 
the  most  serious  cases.  Thus,  for  instance,  Egger  has  descrilved  a 
of  total  transverse  lesion  in  the  upjier  doi-sal  cord  in  which  the 
for  eleven  years.  Improvement  of  course  did  not  c^ccur 
'^en,  however,  the  atonal  lesion  of  the  cross  section 
^t,  the  prospects  as  to  life  are  of  course  much 
patients  have  been  saved,  for  instance,  after 
V  knife  thrusts.  Even  marked  improve- 
and  all  the  symptoms  due  to  shght 
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sanguineous  or  oadematous  infiltration  of  the  cord  m^y 
As  a  inile  in  sueli  cascB  of  lotion  ul  the  doraal  iH>rd  the  aeti^ory  dis* 
tnrlmnceB  and  thoHe  of  the  sphinct^^rs  may  retrogresfi  and  a  fipAstie 
paraljsiB  x>erHi8t;  in  lei^iona  of  the  lumbar  cord  a  f^erma&ieiil  flaccid 
paralysiH  in  more  or  less  exteoBive  muscular  retfioas  would  remain. 
A  termination  in  complete  recovery  has  alno  been  reported  in  iao> 
lated  cases  of  cord  lesions.  Nowadays,  however,  we  do  imj4  beliafV  ill 
recover^'  after  true  lesions  of  the  cord,  and  in  such  caaea  Ibefe  waa 
probably  only  a  beniorrha^^a  into  the  spinal  meniogaa  willi 
pression. 

Diagnosis. 


The  dia^^n(>Hi8  of  a  lesion  of  the  spinal  cord  jier  «e  ia  in  moiil 
easy.     Given  the  alx»ve-cnted  causes— knife  thrust^  guuahol 
direct  or  indirect  ti-anmatisni  by  blunt  fon*e— followiKl  by  mom 
less  extensive  paraplegia  with  [lerfect  exemption  of  the  braiii»  tba 
diagnosis  of  a  cord  lesion  is  probably  alwaya  im])eratiTe,     In  llieao 
oaaes  we  do  not  even  recjuire  the  demonstration  of  the  rerti'^bral  in- 
jury, thoogh  the  latter  will  materially  strengthen  the  dia^^ooata. 

It  will  often  be  difficult  if  not  im|MJ8sible  to  differeutiate  a 
torrhnchis  with  eoni|>reasion   of  the  cord  from  a  true 
With  hemorrhage  into  tlie  spinal  meninges  the  jmins  and  tlia  rigid- 
ity of  the  back  are  sfiid  to  lio  mon2«  marked  than  with  actual  coulll- 
sion  of  the  eonl;  but  these  ilifftTonces  will  bt*  of  little  arajl,  at  nee  a 
le>«ion  of  the  cord  will  rarc^ly  occur  wilhi>ut  ha^matorrhachia.     Tha 
final  termination  in  complett^  or  idmost  perfect  recovery  vrill  alwaxi 
I>oiut  U)  a   lieraorrhage   into   the   meuingea.     Moreover,   hjri 
and  esjiecially  traumatic-hysterical  paralysis  may  oeoaaionaUj 
confusion  for  a  short  time.     In  the  first  place^  however,  tn^maatic 
hysteria  lias  usually  a  periiMl  of  incubation ;   it  does  not  oocor  ontil 
days  after  the  injury.     Secondly,  monoidegias  are  more  frec|tuiiilia 
it  than  paraplegias.     Thirdly,  the  sensory  disturbances  do  not  ootra- 
spoud  to  those  obaen^ed  in  cord  lesicjns,  but  are  distribntdd  to  olliar 
1>oints  deterinined  by  psychical  conditions.     Thus,  in  Ihe  hjaterieal^ 
a  segment  of  a  member  is  an  entity ;  if  the  whole  arm  is  pandjaod  U 
ia  also  quite  amesthetic ;  if  it  is  paralyzed  only  to  the  elbow  the  an- 
leathesia  likewise  reaches  only  to  the  same  [xtint,  eU^.     Finally »  ia 
hysteria  there  is  an  abaenoe  of  all  serious  complicationaf  aneh  aa    ^ 
bedsores^  cystitis,  and  marasmus.  ^H 

With  reference  to  certain  therapeutical  questional  it  wcvold  be  a^^ 
special  imporlaiioe  if  we  could  say  in  a  ooncreta  oiaa  wbathar  llie 
paralyses  present  depend  upon  a  persisting  compression  of  the  etird 
by  the  displaced  spinal  eolumn  or  by  isolated  spUnteri  of  booiv  or 
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whether  they  are  due  solely  to  the  destruction  of  the  cord  caused  by 
the  traumatism.  It  should  be  stated  in  the  first  place  that  even  the 
graTOBt  contusions  with  complete  and  permanent  interruption  of  the 
cross  section  may  occur  Without  lesion  of  the  vertebral  column,  and 
farthermore  that  while  at  the  moment  of  the  accident  the  cord  may 
have  been  bruised  by  a  considerable  displacement  of  the  body  of  the 
vertebra,  this  displacement  may  have  been  at  once  spontaneously  re- 
duced. A  continuous  contusion  is  most  probable  of  course  with  the 
persistence  of  a  marked  deformity  of  the  spinal  column,  but  even  then 
it  is  not  necessarily  present,  since  the  vertebral  canal  leaves  compara- 
tively much  room  to  the  cord  and  the  latter  may  adapt  itself  to  pro- 
nounced deformities  of  the  spinal  column.  Obviously  in  these  cases 
likewise,  when  the  displacement  occurs  rapidly,  the  cord  at  the  point 
of  the  dislocation  may  be  not  simply  compressed  but  may  be 
disintegrated.  On  the  other  hand,  lesions  of  the  spinal  column,  par- 
ticularly of  the  bodies  of  the  vertebrae,  are  often  not  at  all  demon- 
strable during  life,  and,  therefore,  in  the  absence  of  a  perceptible 
deformity  we  can  never  assert  that  none  of  the  vertebral  bodies  or  a 
splinter  from  them  is  pressing  on  the  cord.  In  short,  in  not  a  single 
instance  can  we  really  assert  a  continuous  compression  of  the  cord  by 
bone  nor  can  we  quite  exclude  it. 

A  diagnosis  of  injury  of  the  cord  alone  is  not  sufficient,  for  it  is 
essential  to  know  at  what  level  the  cord  is  injured,  in  other  words  to 
make  the  segmental  diagnosis.  Of  course  this  is  easy  when  a  dis- 
tinct deformity  of  the  spinal  column  is  present.  In  that  case  we 
need  but  ascertain  opposite  which  spinal  segment  the  injury  in 
question  is  situated,  and  on  careful  determination  of  all  the  morbid 
symptoms  of  the  patient  we  shall  always  find  that  the  symptoms  dis- 
covered correspond  to  the  injured  point.  We  have  seen  above  that 
in  such  cases  of  injury  of  the  dorsal  cord  the  limit  of  the  upi>er 
level  of  the  anaesthesia,  when  the  transverse  lesion  is  total,  usually 
lies  considerably  below  the  point  of  spinal  deformity— the  diflference 
is  about  three  vertebral  spines — and  we  have  also  found  the  ex- 
planation of  this  variation  which  at  first  sight  appears  striking. 
As  this  is  a  matter  of  imi)ortance,  we  may  repeat  here  that  it  is  due 
in  the  first  place  to  the  fact  that  in  traumatism,  as  a  rule,  only 
the  single  spinal  segments  and  the  roots  emerging  from  them  are 
injured,  but  not  the  roots  derived  from  higher  segments  and  merely 
situated  alongside  the  damaged  cord;  secondly,  to  the  fact  that, 
in  the  dorsal  region  in  particular,  the  roots  from  their  origin  to 
their  emergence  from  the  spinal  column  have  to  pass  a  long  way,  cor- 
responding to  the  height  of  two  vertebral  bodies ;  and  thirdly,  to  the 
fact  that  while  every  cutaneous  region  is  chiefly  supplied  by  a  special 
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root,  the  immetliately  adjoiDing  upper  and  lower  roote  pftriieipftle  in 
the  imcervatioQ  (the  iippor  aloDe  here  outers  into  the  quefltioo),  moi 
not  until  all  these  roots  are  destroyed  is  marked  an^Bsthetiia  fotuid  in 
the  corresponding  region.  Thus,  given  a  lesion  of  the  et>nl  al  Ibe 
level  of  the  fifth  dorsal  vertebra,  the  seventh  dorsal  root  will  be  in- 
jured at  it8  emergeuee  from  the  spinal  canal,  but  not  the  fifth  mad 
sixth  dorsal  rcKxts  which  at  this  point  have  an  extram^iiUjir}  flitnar 
Hon;  lait  an  the  sixth  dorsid  root  lieliis  to  supply  tll0  fOgioil  of  tli# 
seventh  and  complete  amesthesia  occurs  only  tvith  lesion  of  tlie  1 
the  limit  of  ana'stheshi  in  such  a  case  i^ill  be  found  at  the  U|»pcir  I 
gin  of  the  cutaneous  region  of  the  eighth  root,  that  is,  three ' 
Ijelow  the  seat  of  the  injury.  If,  however,  the  limit  ol  tlie 
thesia  lies  only  the  length  of  a  single  spinous  procesB  beJaw  tbe 
vertt^l»ral  injury,  we  have  to  deal  with  the  rare  case  of  a  simiillnii^ 
ous  lesion  of  cord  and  root;  then  the  vertebral  injnrj'  is  g«j 
very  serious. 

At  the  cerneal  and  lumi>ar  cord  these  apparent  discrepAncteB  be- 
tween vertebral  lesions  and  liinit^i  of  the  anaBsthefiia  are  not  so  deailj 
manifest  owing  to  the  diflferent  and  much  more  oomplioatod  i 
uient  of  tlie  functional  regions  of  the  several  segmenta;  fstiUli 
we  must  of  course  bear  in  mind  that  according  to  Sheninglao*a  lav 
(p.  579)  a  lesion  which  destroys,  say,  the  seventh  cervical  8egm4ait,  iriM 
produce  marked  sensory  symiitoms  only  in  the  region  of  tUo  eighth. 

The  segmental  diagnosis  is  alt^)gether  different  and  far  mora  diffl- 
cult  when  there  are  no  evident  deformities  of  the  spinal  colnaa. 
But  even  iu  such  a  ciise  it  will  be  possible  when  the  coid  leaion  ia 
total  in  at  least  one  segment,  which  is  probably  alwajra  the  oaae  in 
grave  contusions.  Then  it  becomes  necessary  to  detennina  aecmleljr 
the  extent  of  the  aniestliesia  and  of  the  moseiilar  paialysaa  and,  when 
the  cervical  or  lumlmr  enlargement  is  involved,  eapecially  tlia  atropbic 
muscular  panilyses.  Keference  being  ma^le  to  the  abate  tablet  it  will 
l>e  found  which  highest  segment  of  the  conl  is  to  be  eonaidaiiMl  aa 
injuretl  in  the  |>resence  of  sucli  symptoms*  Here  again  tbe  rale  : 
lie  followed  that  in  general  the  lesion  is  to  lie  located  in  ibe  i 
in  question  or  in  the  eorrespondiikg  roots  at  their  emergeooe  ttom  I 
camd,  but  not  in  the  roots  in  their  extrameduUary  conrae  in  tbe  csanal; 
besides,  the  lesion  must  lie  situated  in  the  highest  segment  implioaled 
in  the  resjiective  cAse.  To  reca|iitulate  the  facts  in  the  inverse  ordert 
if  in  a  concrete  case  we  find  a  totfd  antesthesia  in  the  cutaneooa  ftgioB 
of  tbe  eighth  dorsal  root,  the  seventh,  according  to  Sherringtan, 
likewise  be  affected,  and  the  seventh  dorsal  segment  is  r>ppoaite 
fifth  dorsal  spinous  process.  In  a  similar  manner  the  levtJ  of 
segment  may  also  be  determined  in  cervical  and  lumbar 
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as  above  stated,  from  the  extent  of  the  atrophic  muscular  paralyses 
we  may  deduce  the  inferior  limit  of  the  traumatic  lesion  proper. 

In  the  absence  of  vertebral  deformity  and  when  the  lesion  of  the 
cord  is  only  partial,  a  segmental  diagnosis  of  the  lesion  is  impossible. 
In  these  cases,  e.g.,  in  lesions  high  up  in  the  dorsal  cord,  the  anses- 
iheeia  may  begin  only  in  the  legs  or  be  entirely  lacking.  For  the 
segmental  diagnosis  in  the  dorsal  cord,  however,  we  require  especially 
the  limit  of  the  anaesthesia,  since  muscular  paralyses  with  atrophy 
are  not  at  our  disposal.  Again,  in  partial  lesions  in  the  cervical  and 
lumbar  enlargements  which  usually  furnish  us  some  guiding  points 
as  to  their  level,  the  important  muscular  paralyses  may  be  so  scat- 
tered and  incomplete  that  the  location  of  the  injured  segment  cannot 
be  recognized  from  them,  at  least  not  with  certainty. 

A  few  words  may  here  be  added  about  the  prognostically  impor- 
tant possibility  of  a  differentiation  of  injuries  of  the  conus  medullaris 
and  the  cauda  equina.  When  there  is  a  distinct  spinal  deformity 
which  is  situated  below  the  second  lumbar  vertebra,  the  cauda  alone 
can  be  injured,  as  the  cord  does  not  extend  so  far.  But  otherwise 
a  x>06itive  decision  is  usually  very  difficult,  since  in  this  region  are 
crowded  into  a  narrow  space  the  several  segments  of  the  lumbar  and 
sacral  cord,  as  well  as  the  extramedullary  roots,  and  the  sacral  por- 
tion of  the  lumbar  enlargement,  for  instance,  is  accompanied  not  only 
by  its  own  but  also  by  all  the  roots  of  the  lumbar  plexus.  Ordi- 
narily, in  lesions  of  the  cauda  as  well  as  those  of  the  lower  portion 
of  the  lumbar  enlargement,  the  lumbar  roots  are  not  implicated  and 
the  functional  disturbances  are  confined  to  the  sacral  plexus;  in  grave 
cases,  however,  all  the  roots  of  the  cauda  or  of  the  sacral  portion  of 
the  cord  with  the  passing  roots  of  the  lumbar  plexus  may  be  de- 
stroyed, and  in  either  case  there  is  total  paraplegia  of  the  legs. 
Under  such  circumstances  a  positive  differentiation  between  lesions 
of  the  cauda  and  conus  is  impossible.  Of  course  the  total  paraplegia 
may  also  be  due  to  a  complete  destruction  of  the  entire  lumbar  en- 
largement. Evidently  in  caudal  lesions  there  can  be  no  combination 
of  an  atrophic  paralysis  in  the  lumbar  plexus  (i.e.,  especially  in  the 
quadriceps  muscle)  with  a  spastic  paralysis  in  the  sacral  plexus 
(i.e.,  in  the  leg  and  foot) ;  this  would  lead  us  to  expect  a  loss  of  the 
patellar  reflexes  with  clonus  of  the  Achilles  tendon.  Such  a  group- 
ing, therefore,  will  point  positively  to  a  lesion  in  the  cord  itself, 
though  it  will  certainly  be  very  rare,  in  traumatisms  in  particular. 
Besides,  in  caudal  lesions  the  pains  are  of  special  severity  and  the 
paralyses  as  a  rule  are  not  so  symmetrical  as  in  destruction  of  the 
cord  proi)er. 

Is  it  occasionally  possible  for  us  to  recognize  early  whether  the 
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lesion  in  partial  or  total  with  r©fer©nc45  to  tlie  cross  aecliiiii?  Wm 
have  seen  above  that  a  unilateral  legion  only  is  the  comnKm  reaolt  in 
Htab-woundB.  The  lenion  of  the  cit)S8  section  is  stuf©  to  be  partial 
when  witii  riearly  reco^Bizable  deformity  of  the  spinal  ooltuoil  llie 
extent  of  the  fnnctional  diHtiirbaoces  does  not  correspond  to  the  level 
of  the  lesion,  Imt  the  senHi»ry  diKturbances,  for  instanoe.  remaib  lir 
below  it.  It  is  sure  to  \m  Uibil  when  with  lesions  in  the  donel  asd 
cervical  cord  the  tendon  reflexes  remain  absent  beyond  the  time  of  a 
poHHil>le  effect  of  nhock^  and  the  paralvHia  of  the  leg  eontilltiea  flac- 
cid. In  all  other  cases  only  the  further  course  will  decide  thia 
question. 

Ill  the  iireceding  mmarks  the  topographical  relations  ul  the  ^*v» 
era]  vertebra^  or  their  spiuouH  proceesea  to  the  several  segments  and 
roots  of  the  cord  have  been  freijuently  spoken  of,  Vertebro-mednl* 
lary  toiwgraphy  forms  a  in<^t  imiKirtaut  chai>ter;  fi>r  vbeii  Ihaaa 
relations  are  accurately  known,  we  are  able  to  localize  a  leaiao  ol  tbe 
cord  even  when  no  injury  can  be  discovered  in  the  spinal  cotomii* 
Such  a  (liagnosiH  is  demanded  in  the  event  of  possible 
iuterfereuce*  Hmre  we  have  to  rely  upon  the  dorsal  spines  in  i 
mining  the  level  at  the  vertebral  column,  the  relations  of  theee  pto- 
cesBes  Ui  the  Hevend  Begmentn  of  the  cord  or  to  the  sonioeaof  the 
rootw  are  of  i>aramnunt  iniportauce,  jis  are  in  a  leaser  deisn»  the  i 
lations  of  the  spinous  processes  to  the  roots  in  their  int 
course,  because  in  severe  cases  the  extramedullary  roola  mmj  . 
injuretl. 

These  relations  are  complicated  by  two  conditions.  First,  by  the 
more  t>r  less  long  intervertebral  course  of  the  mots  from  their  or 
in  the  cord  to  their  emergence  from  the  vertebnd  canal.  Only  in  ^ 
ui»^>ermost  cervical  segments  are  the  origin  and  emevgeooe  at  the 
same  level ;  farther  douTi  this  rehttion  changes  more  and  mote.  Ai 
the  dorsal  cord  the  difl'ereuce  corresf^onds  to  about  the  spaee 
pied  by  twt»  vertebrie,  and  all  the  sacral  nerves  originate  about  ( 
site  the  tirnt  lumbar  process,  while  they  emerge  only  ffom  the  I 
These  circumstances  would  rentier  a  l(x*al  diagnosia  fefy 
were  it  not,  as  rei)eateilly  stated  above^  that  exixsrienoe  has  ahown 
that  it  is  usually  the  cord  itself  and  not  the  extnunednttaty  rooia 
which  is  destroyed  Viy  a  traumatism,  aside  from  special  fonilitiniMi 
which  are  easily  recognizeiL  But  this  fact  Ijeing  known,  they  ex* 
plain  at  once  that  in  most  case8  of  dorsal-cord  lesions  the  liatt  cif 
the  amp8theeia»  even  a])art  from  Sherringtou*s  law,  must  bo  IcMsated 
liar  below  the  level  of  the  bone  lesion. 

Moreover,  the  tips  of  the  spinous  processes,  which  alone  inlefesl 
us  ID  this  eonnectionj  are  about  up|Kisite  the  middle  of  their  respee* 
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Hve  vertebral  bodies  only  in  the  lumbar  region.  At  the  cervical  por- 
tion they  corre8xx)nd  about  to  the  lower  edge  of  their  bodies,  at  the 
three  upper  dorsal  vertebrae  they  correspond  to  the  upper  edge  of  the 
bcxly  below;  the  fourth  to  the  eighth  dorsal  spinous  processes  ex- 
tend farthest  down  and  correspond  about  to  the  middle  of  the  ilext 
vertebral  body;  the  last  four  dorsal  processes  gradually  approach 
again  the  lower  edge  of  their  own  bodies. 

The  first  three  cervical  processes  are  oi)posite  the  segmental  region 
of  the  third,  fourth,  and  fifth  cervical  nerves.  The  sixth  cervical 
nerve  originates  about  in  the  interspace  between  the  fourth  and  fifth, 
the  seventh  nerve  between  the  fifth  and  sixth  cervical  x)rocesses ;  the 
sixth  process  corresponds  to  the  origin  of  the  eighth  cervical  nerve, 
the  seventh  process  to  that  of  the  first  dorsal  nerve.  In  the  thoracic 
portion  the  processes  correspond  about  to  the  roots  bearing  the  next 
two  higher  numbers;  thus,  the  third  to  the  fifth,  the  fourth  to  the 
sixth,  etc.,  the  tenth  to  the  twelfth  pair.  The  first  thoracic  process 
corre8xx)nds  to  the  interspace  between  the  second  and  third  dorsal 
root,  the  second  to  that  between  the  third  and  fourth  pair  of  roots. 
The  roots  of  the  lumbar  and  sacral  plexus  are  all  between  the  eleventh 
dorsal  and  the  first  lumbar  spinous  process. 

The  cervical  enlargement,  which  ends  at  the  first  dorsal  nerve  in- 
dnsive,  corresponds  about  to  the  spinous  processes  of  the  cerv'ical 
vertebrse;  the  lumbar  enlargement  to  the  spinous  processeis  of  the  last 
two  dorsal  and  the  first  lumbar  vertebrae. 

It  should  be  added  that  there  may  also  be  considerable  individual 
variations  in  the  vertebro-medullary  topography.  Thus,  according 
to  Reid,  in  some  cases  the  process  of  the  seventh  cervical  vertebra 
may  reach  the  lower  edge  of  the  eighth  cervical  segment ;  in  others, 
the  upper  edge  of  the  third  dorsal  segment.  In  general,  however, 
after  a  positive  segmental  diagnosis,  it  will  be  possible  to  locate  the 
lesion  correctly  with  reference  to  the  corresponding  vertebral  proc- 
eBses  by  means  of  the  schematic  diagram  above  given. 

Prognosis. 

The  prognosis  of  severe  cord  lesions  is  always  very  grave;  in 
the  great  majority  of  cases  death  follows.  Cases  which  terminate 
fatally  at  once  in  consequence  of  the  injury,  or  soon  afterwards  of 
asphyxia  or  of  a  septic  infection,  do  not  of  course  enter  into  the 
prognostic  consideration.  Some  guiding  points  as  to  the  outcome 
hAve  already  been  implied  in  the  discussion  of  the  course.  In  gen- 
eral it  may  be  stated  that  the  higher  the  seat  of  the  lesion  and  the 
niore  complete  its  transverse  extent,  the  more  surely  and  rapidly  will 
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deatli  ensue ;  in  bow  far  tbese  circumstances  may  be  ( 
has  been  fully  considered  in  the  prei^otiB  section.  Serious  injmifitt 
of  the  spinal  column  also  render  the  prognosis  more  unfsTOffibfe, 
since  they  easily  give  rise  to  infection. 

When  convHlescence  and  improvement  occur,  patients  with  ksiioai 
of  the  dorsal  cord  are  better  off  than  those  with  lumbar  lesiaiia^  he- 
cause  a  spastic  paralysis  does  not  prevent  walking,  while  m  bodd 
paralysis  does,  and  because  the  vesical  disturbances  aro  more  b&wvfb 
in  lesions  ot  the  lumUir  cord. 

IJnilatt^ral  lesiona  furnish  a  favorable  prognosis  ^i/ocul  vitnm 
infection  occurs.     Luxations  of  the  cervical  vertebm*  do  so  only  ' 
the  cord  has  been  but  slightly  injured  and  reduction  htis  U^ni  prrjmpi. 
When  the  cord  is  damaged,  immediate  death  is  almost  invariable. 


Treatment. 

A  direct  causal  therapy  is  really  ap|>licable  only  in  loxatioiii  cl 
the  upper  cer%'ieal  vertebrae.  If  such  a  Ciise  has  not  been  immediaMj 
fat^d,  we  may  assume  that  tlie  injury  of  the  cord  is  merely  altgbt  and 
after  prompt  reduction  complete  recovery  may  be  ho|)eci  tor.  Great 
care»  however,  is  necessary,  for  not  rarely  it  is  precisely  dttriag 
attempts  at  reduction  that  a  fatal  compression  of  the  cord  is  effedfid, 
for  instance,  by  the  breaking  off  of  the  cxlontoid  process  of  tbe  i 
or  by  this  i»r*x"ess  when  broken  l>eing  forced  into  the  cori  In  < 
complicated  with  luxation  and  fracture,  especially  at  tbe  thoracio 
portion  of  tbe  spine,  it  is  better  to  disiiense  with  atlempla  at  redil^* 
tion»  for  they  are  almont  never  succcMssful. 

When  asphyxia  is  present  from  the  tirst  or  septic  iufertioii  iiyyii* 
festd  itself  early,  any  treatment  is  of  coarse  hopeless  and  utir  object 
must  ]m  to  relieve  pain  when  present,  for  which  parpoae  mcniildiie 
should  not  b  espared. 

In  most  of  the  remaining  cases  it  will  be  important  to  avoid  grmiv 
complications,  especially  liedsores  aaid  cystitis,  ami  to  pn^MSfra  th* 
patient  s  strength  as  much  as  (xissible.  Transjjortatiou  of  tlie  patieal 
requires  great  care.  His  szurrum  should  rest  on  a  water  plOoir;  tlie 
heelfi  and  the  region  of  the  spines  of  tbe  acapnia  which  i 
to  bedsores  may  be  protected  by  special  cnshiona«  It 
velop  in  spite  of  these  precautions  they  should  receive  the  faeol  i 
gical  treatment.  A  fre^pient  change  of  position  of  tbe  paiieilt  wilh  a 
view  to  the  prevention  of  decubitus  is  not  ad\Hsab]e,  atiiee  idditiottal 
lesions  of  tbe  cord  may  be  caused  thereby  if  tbe  vertebral  colamn  is 
injured.     Extreme  cleanliness  of  the  btniy  is  I  Ivft,  eapedaQy 

if  the  patient  is  liable  to  soil  himself.     If  eathei*  >q  ia  requiied. 
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the  most  rigid  asepsis  must  be  maintained.  The  fsdces,  which  are  usu- 
ally retained  and  very  hard,  had  best  be  removed  mechanically.  The 
diet  should  be  very  nutritious  and  free  from  stimulating  substances 
and  those  liable  to  cause  flatulence.  These  simple  hygienic  measures 
will  suffice,  in  those  cases  in  which  it  is  at  all  possible,  to  give  the 
cord  time  to  recuperate  and  to  bring  about  a  partial  recovery  when 
the  lesion  is  not  total,  or  even  complete  restoration  to  health  in  sim- 
ple compression  from  hemorrhage.  In  most  cases,  however,  the  fatal 
issue  is  simply  delayed;  ultimately  bedsores  develop  in  spite  of  our 
efforts,  and  more  often  still  cystitis,  pyelitis  and  nephritis,  or  general 
marasmus  follows,  and  the  patient  finally  succumbs  to  a  hypostatic 
pneumonia. 

Owing  to  this  hopelessness  of  the  treatment  in  many  cases,  the 
attempt  has  been  made  to  improve  the  prognosis  of  the  affection  by 
operative  interference.  On  the  whole,  however,  the  results  have  been 
but  moderately  successful,  as  might  have  been  expected.  Optimistic 
views  as  to  operative  measures  can  prevail  only  when  the  relations 
are  imi)erfectly  known.  Let  us  consider  what  is  to  be  effected  by 
an  operation.  We  might  aim  at  the  removal  of  effused  blood  from 
the  meninges.  But  this  is  usually  resorbed  spontaneously,  and  hence 
so  serious  a  measure  as  a  trepanation  of  the  spinal  column  is  hardly 
justifiable.  Or  else  we  may  have  in  view  a  reduction  of  a  grave  dis- 
location which  causes  pressure  upon  the  cord.  Often,  however,  this 
is  not  feasible  even  after  trepanation,  and  the  idea  of  making  room 
for  the  compressed  cord  by  a  laminectomy  is  erroneous  because  the 
pressure  on  the  cord  is  not  caused  by  the  arch  but  usually  by  the 
body  of  the  vertebra.  The  removal  of  a  splinter  of  bone  pressing 
upon  the  cord  would  be  rational,  but  we  have  seen  above  that 
we  can  never  positively  recognize  a  i)ermanent  compression  of  the 
cord  by  the  spinal  column  after  an  injury,  nor  can  we  exclude  it  with 
certainty.  Hence  the  operation  is  always  a  step  in  the  dark,  and 
even  if  we  were  fortunate  enough  in  such  a  case  to  find  a  splinter  of 
bone  compressing  the  cord — on  the  whole  a  rare  occurrence — the  cord 
is  apt  to  be  so  seriously  damaged  that  a  restoration  of  its  function  is 
not  to  be  expected. 

As  a  rule,  therefore,  operation  is  to  be  rejected  in  cord  lesions. 
But  there  are  two  exceptions.  Chipatdt  has  demonstrated  that  in 
cases  of  fracture  of  an  arch  with  slight  injury  of  the  posterior  por- 
tions of  the  cord,  the  removal  of  the  fractured  arch  may  be  of  decided 
advantage.  This  is  very  plausible,  and  when  such  a  fractured  arch 
is  found  its  removal  is  to  be  advised.  Moreover,  injuries  of  the 
Cauda  equina  present,  according  to  Thorbum  and  Chipatdt,  a  favor- 
able opportunity  for  operative  interference.  The  fibres  of  the  cauda 
Vol.  XI. -88 
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eqoiua  behave  like  peripheral  nerves;  €veu  after  Herioms  mnA  lofOff' 
contioiied  eouipresaion  they  may,  when  this  is  removed^  b^coma  re» 
stored  by  an  outgrowth  iDt4i  the  periphery  of  the  eentml  azb  cylin- 
ders of  the  compresseil  nerves.  Chipault  advises,  in  the  pr«iexM?<i  oC 
marked  deformity  lielow  the  second  lunibir  vertebra  in  which  111* 
caiida  e<|aitia  alone  can  be  implicated,  to  oi)erate  at  once  ilwIlMW  Bi*- 
terial  improvement  has  alrea€ly  4:»c^*urred.  In  the  latter  eaam^  bcnr* 
ever,  as  we  have  seen,  the  differential  diagnosis  between  iojtuies  of 
the  eauda  and  thc^ne  of  the  conns  is  often  impossible. 

At  any  rate  we  must  al^tain  from  any  oi)eration  when  the  9wm^ 
toms  indicate  a  total  contusion  of  the  cord.  We  know  that  thiii  ta  to 
be  dia^cnosed  when  in  cases  of  dorsal  or  cervical  lesion  with  eompiuli 
ana^thesia  the  tendon  reilexes  remain  j^ennanently  abnent  and  IImi 
paraplegia  continues  flaooid. 

When  convuiescence  sets  in  and  progresses  to  some  extent,  a  treats 
ment  at  some  indifferent  or  thermal-saline  spa,  such  as  Teplitz,  Wild- 
bad,  or  Nauheim,  will  l>e  suitable,  together  with  maa6age»  g>T 
and  electricity. 


LESIONS  OF  THE   CORD  FEOM    DISEASES    OF    THE 

VERTEBRA. 

Spinal     Caries. 


We  are  indebted  for  our  first  knowledge  of  the  different  tonm  of 
paralysis  occurring  in  caries  of  the  spine,  and  dependent  on  an  in- 
volvement  of  the  sjiinal  cord,  to  Percival  Pott,  an  English  fihrsidaa, 
who  first  descril^ed  the  affection  in  1779.  For  a  long  time  the  opinitm 
was  unreservedly  entertained  that  the  spinal-cord  symptoins  in  cariae 
of  the  spioB  were  protluced  by  a  compression  of  the  cord  from  llie 
bonea  involved,  although  clinical  exjierience  demonstmted  rwrj  f«rlj 
that  great  deformity  of  the  spine  may  occur  with  aheenoe  of  anjr 
lesion  of  the  cord,  that  the  symptoms  at  pandysis  may  disappear  ia 
Pott's  disease  when  no  change  has  taken  place  in  the  deiormitjr^  ad 
thirdly  that  they  ma\  occur  in  cases  in  which  no  deformity  Itaa  nl 
any  time  l»een  present.  When,  thereff>re,  a  more  cAreful  liisiokigieal 
examination  demonstrated  later  on  that  the  extradural  tistne  and 
dura  mater  itself  were  usually  involved  in  the  tul^ercnkms 
and  when  fnrtliermore  there  were  found  distinct  changeii  in  tbeaptnal 
coni  itself  which  were  looked  upon  as  being  of  an 
nature,  the  inflammation  theory  took  the  place  of  the 
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iheory ;  a  myelitis  of  the  cord  was  spoken  of  in  these  cases — a  com- 
pression myelitis.  This  theory  was  npheld  especially  by  Charcot 
and  Michand,  and  found  adherents  also  in  Germany.  It  was  not, 
however,  accepted  in  its  very  beginning  by  all,  and  Kahler  demon- 
strated that  the  histopathological  changes  which  were  looked  upon  as 
the  result  of  inflammation  might  occur  simply  as  the  result  of  a  col- 
lateral oedema  from  slight  compression.  Strumpell  disbelieves  in 
the  existence  of  a  compression  myelitis,  referring  everything  to  the 
result  of  mechanical  compression,  caused,  not  by  displaced  bone,  but 
by  extradural  fungosities.  Erb  takes  a  middle  position.  Latterly, 
the  work  of  Schmaus,  to  which  we  shall  have  occasion  to  refer  fre- 
quently in  this  article,  has  had  a  marked  influence  on  the  conception 
of  the  pathogenesis  of  Pott's  paralysis. 

Pathological  Anatomy. 

Caries  of  the  spine  consists  in  a  tuberculous  disease  of  the  bones 
of  the  vertebral  column.  In  by  far  the  greater  number  of  cases  the 
seat  of  the  disease  is  in  the  vertebrae,  generally  in  the  spongy  sub- 
stance of  the  bodies ;  much  more  rarely  the  disease  originates  in  the 
small  articulations  of  the  spinal  column,  and  still  more  rarely  the 
vertebral  arches  are  diseased.  Macewen  thinks  that  the  disease  may 
occasionally  remain  behind  in  the  arches  after  the  more  severe  afl'ec- 
tion  of  the  bodies  has  disappeared,  and  that  the  lesion  of  the  cord 
may  be  maintained  from  this  point.  In  the  cases  mentioned  by  Mac- 
ewen, we  have  probably  not  so  much  to  do  with  a  still  active  disease 
of  the  bones  as  with  fungosities  on  the  posterior  surface  of  the  dura, 
which  have  developed  into  cicatricial  tissue,  still  capable  of  exerting 
pressure. 

If  the  caries  should  confine  itself  to  the  body  of  a  vertebra,  and 
perhaps  even  to  the  centre  of  the  latter,  the  process  may  go  on  to 
healing  without  having  at  any  time  endangered  the  cord  itself.  As  a 
general  rule,  however,  we  do  not  meet  with  such  a  limitation  of  the 
process.  The  latter  extends  through  the  intervertebral  cartilages  to 
the  next  higher  or  lower  vertebra,  and  also  extends  through  the  pos- 
terior bony  layer  of  the  body,  first  causing  a  projection  forwards  of 
the  periosteum  towards  the  dura,  and  finally  perforating  the  former 
and  invading  the  extradural  tissue,  which  consists  mainly  of  fat.  In 
this  situation  a  more  or  less  extensive  fungoid  growth,  containing 
cheesy  and  purulent  foci,  will  now  be  developed  and  will  press  against 
the  anterior  surface  of  the  spinal  cord.  Should  the  oi)eniiig  in  the 
bone  be  only  a  small  one,  the  fungous  growth  may  at  first  be  attached 
to  the  bone  with  a  pedicle,  like  a  mushroom,  but  afterwards  it  ex- 
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pands  farther  in  the  subperiosteal  or  eitradural  apace.  Gndoallj 
this  fungoid  grtjwth  encroaches  on  the  lateral  surfaces  ao  aa  tu  em* 
brace  the  cord  in  a  semicircular  ring— rarely  the  whole  card  ia  aur- 
rounded  by  the  tuberculous  mass.  The  dura  will  also  finaUy  ba  i 
Yolved  in  the  dise-ase  proce.ss,  the  outer  layers  of  the  membvmna  1 
es[>ecia)ly  affected ;  tho  inner  surface  of  the  dura  alwaja  rammina  nor* 
mal.  Hand-in-hand  with  this  very  gradually  increaaiog  aztradiml 
and  darul  inflammation,  an  increasing  deformity  of  the  spinal  colttmfi, 
as  gradual  usually  as  the  former,  takes  place.  The  diaeaaed  fertaibral 
body  colhipses,  the  jwrtion  of  the  spinal  column  direcllj  abovtt  tl 
inclines  forwartls  and  so  tlie  gib!)us,  tlie  kyphosis  is  formad.  TbiB 
deformity  is  [produced  sudde^nly  in  very  rare  cases  only,  occarriJig  lor 
the  most  {lart  when  some  traumatism  is  inflicted  Ufxin  a  greaUj  dia» 
eased  spinal  column.  In  such  case  the  effect  on  the  cord  miMit  of 
course  be  altogether  different ;  clinically  a  case  of  thia  aoii  wiU  be 
partieidarly  marked,  when  a  rapid  breaking  down  of  one  or  maffn  of 
the  vertebml  1  Helios  cx-curs  at  a  time  when  the  extradural  famialiafi, 
and  conse<]uently  tlie  ftmettotial  disturbance  of  the  cord,  baa  baan  ol 
slight  extent.  Bym])tomH  of  i>aralysis  may  also  appear  moASmlif 
when  by  any  chance  a  loosened  sei|uestnun  suddenly  in  phfOad  in 
a  position  to  exert  compression  on  the  cord. 

Caries  is  found  most  frequently  involving  the  doraal  vierlefana, 
next  the  cendcal,  not  infre<r[uently  the  up}>er  cervical  Tartebrgi,  and 
most  rarely  the  lundmr  and  sacral  vertebne. 

The  hiberculf»UB  disease  of  the  vertebr<c^  may  not  ooljr  extend  to 
the  vertebral  canal,  but  a  i)erforation  may  also  occur  asteniAllir. 
Wlien  thiH  is  the  c^se  cold  abscesses  are  either  formed  in  the  back  1^ 
the  side  of  tlie  spinous  proceases  or  else  at  the  crest  of  the  ilioiDp  or 
the  8o-€4illed  gravity  abeoeeaee  are  formed,  of  which  jk 
and  retropharyngeal  abscess  are  the  most  common.  Wb^i^ 
tion  of  the  pus  occurs  in  this  way  a  grave  disease  of  the 
finally  heal ;  but  such  an  evacuation  is  by  no  means  alwajra  i 
for  a  cure,  which  may  take  |ilaco  by  absorption  of  the  diaiMyied  pot^ 
tion,  by  a  new  formation  of  bony  tissue,  and  by  fibrona  ebangfe  la 
the  fungf>id  masses.  In  rare  cases  these  eold  abeceaaea  are  in  dirM 
communication  by  a  small  o|)ening  with  an  accumolatioQ  of  poa  in 
the  vertebral  canal.  In  such  case  the  pressure  on  the  cord  ia  not 
made  by  the  fungositie^,  but  by  the  abeeeas,  and  the  evaeuatiiMi  of 
the  pus  externally  may  not  only  lea<l  to  the  cure  of  the  htmr  affectioQ 
but  at  the  same  time  may  cause  the  disa|)peanince  of  the  cord  ayoip* 
toms, 

Wi*  now  come  to  tlie  changes  which  affect  the  spinal  cord  by  this 
diaeaae  of  the  bones  and  the  intravertebral  tissuea. 
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If  the  compression  of  the  spinal  cord  takes  place  in  an  acute  man- 
ner, by  the  sndden  breaking  down  of  the  vertebrsB,  the  lesion  of  the 
spinal  cord  may  not  be  very  different  from  that  which  is  caused  by 
severe  traumatic  lesions,  such  as  fracture  or  dislocation  of  the  spine. 
We  then  have  to  deal  with  a  more  or  less  extensive  contusion  and 
effusion  of  blood  into  the  cord.  The  only  difference  is  that  the  le- 
sion, there  being  of  necessity  much  greater  power  necessary  for  the 
deBtruction  of  a  healthy  spinal  colxmrn  than  for  that  of  a  diseased  one, 
is  generally  not  so  great  in  the  latter  case  as  in  the  former.  If  the 
patient  survive,  a  cicatrix  is  finally  formed  at  the  place  of  contusion; 
the  cord  is  left  thin  and  flattened  and  frequently  also  bent.  In  un- 
usually rare  cases  a  gradual  displacement  of  the  bones  may  also  lead 
to  a  direct  but  slow  compression  of  the  cord  by  the  bone  itself.  In 
by  far  the  greater  number  of  cases,  however,  the  injur}'  of  the  cord  is 
the  result  of  the  subperiosteal  or  extradural  fungous  growth.  The 
special  form  of  the  lesion  may  vary.  In  the  first  place  we  may  have 
to  deal  with  a  simple,  uncomplicated  compression.  The  individual 
elements  of  a  segment  of  the  spinal  cord  are  more  closely  packed 
together,  the  meninges  may  also  become  contracted,  and  the  diame- 
ter of  the  cord  is  thus  reduced  in  the  area  of  compression.  On 
transverse  section  the  closely  packed  elements  may  be  seen  nearly  in 
a  normal  condition,  and  we  find  clinically  that  the  functions  of  the 
cord  may  again  be  fully  restored  after  the  removal  of  compression, 
even  when  the  latter  has  lasted  for  a  long  time.  If  the  pressure  has, 
however,  continued  too  long,  certain  lesions  gradually  make  their 
api)earance.  We  find  a  swelling  of  the  axis  cylinder,  destruction  of 
the  meninges,  extensive  growth  of  blood-vessels,  the  appearance  of 
granulation  cells,  and  finally  also  fungoid  growths  of  the  glia  and  of 
the  connective  tissue.  The  final  change  here  also  consists  in  the  for- 
mation of  a  connective-tissue  cicatrix  and  the  destruction  of  more 
or  less  of  the  nervous  substance.  A  cure  in  such  a  case  is  impos- 
sible, and  improvement  may  be  hoped  for  only  in  so  far  as  we  do 
not  have  to  deal  with  irreparable  lesions.  In  rare  cases,  as  above 
mentioned,  a  cold  abscess  may  exert  a  similar  compression.  In  other 
cases — and  according  to  Schmaus  these  are  by  far  most  frequent — 
the  lesion  of  the  cord  is  not  caused  by  pressure  but  by  an  arrest 
of  the  circulation,  due  to  the  fungosities,  with  the  result  that  finally 
(probably  because  of  compression  of  the  veins  coming  from  the  cord) 
an  oedema  occurs.  This  oedema,  which  at  first  only  slightly  affects 
the  nervous  tissues  anatomically  (it  may  at  the  most  occasion  swell- 
ing and  destruction  of  individual  nerve  fibres)  may  nevertheless  very 
markedly  affect  the  functions  of  the  injured  region,  and  not  infre- 
quently abolish  them  altogether.     Should  the  causes  of  the  conges- 
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tioi;i  cease  and  the  oedema  disappear^  the  arreeted  fmictioii  migr  bt 
again  restored.  This  cedema  naay,  as  f^tands  to  reagoo,  alao  niaka  ill 
appearanoe  rapidly,  and  eveu  iu  a  spioal  cord  which  tiii0  np  to  Uial 
time  been  in  a  perfectly  normal  conditioD ;  iu  the  same  uumoar  il  maj 
rapidly  extend  from  a  circuniHcribed  diseased  region.  ThaM  i 
pecially  have  given  rise  to  the  8uppo8itioB  that  acute  myelitic  i 
its  appearauce  iu  carien  of  the  Bpiue  an  a  se<iuel  to  the  mofe  ckiiHiiG 
si>imd-iH»rd  affertion.  The  spinal  cord  doo^  not  o£  confse  beoomis 
narrowed  in  these  eaaes^  but  niay  retain  its  normal  volume,  c^r  even 
become  swollen.  Its  consistence  remains  soft.  When  the  ciMleiBA 
persists,  detinito  amitomieal  lesions  may  result-  The  swelling  and 
deatniction  will  involve  more  and  more  nerve  fibres,  the  gan^lioii 
celk  even  not  escaping;  the  plac^e  of  the  destroyetl  nenf*  Iif%i»i0  mm 
taken  by  granulation  cells,  the  bhx>d-vessel9  increase  in  number,  mod 
small-celled  infiltration  of  the  conne<'tive  tisane  may  even  take  plMt; 
finally  the  whole  of  the  cord  sutetanee  be<x>me8  aoft<ined  and  emmgm 
readily  on  section,  a  small  ribbon  of  uen-e  sulmtance  immwiiafc^y 
below  the  pia  alone  remaining  iuta^'t.  If  now  the  softeoii^;  ; 
does  not  extend  to  other  regions,  the  disintegrated  cord 
may  gradually  become  alisorlied,  the  remaimog  portion,  whidi 
ally  consists  of  {ungating  glia  and  nomml  connective  ti8StM>, 
contact.  In  the  enormously  shrunken  cord  snlistance,  which  ini 
times  flat  as  a  ribbon,  we  c^d  hardly  ever  find  even  remnants  of  i 
tissue  on  section.  Natunilly  the  final  destraction  may  in  this 
involve  only  a  portion  of  the  cross  section,  and  a  partial  recorefy 
of  function  may  result  from  the  disappearance  of  the  cedema  in  the 
other  jmrts. 

In  short,  we  have  to  deal  in  by  far  the  greater  number  of  raoriii  ci 
diyaae  of  the  spinal  cord  accompanying  caries  of  the  yertehmi  wtth 
either  a  simple  compression  or  aniema,  and  when  this  condition  haa 
been  of  long  duration,  with  destraction,  softening,  and  eieatarictal  for- 
mation. A  true  myelitis,  however,  is  not  present  in  these  i 
what  h»i«  been  regarded  as  such,  clinically  and  anatoQUcaUy, 
ally  been  the  result  of  a  more  or  less  rapid  oedema  or  of  eom|Trwiinn. 

bdiffimic  or  aniemic  softening  from  the  occlusion  of  Mood*ViHMla 
nf  the  cord,  in  spinal  caries,  is  looked  uix>n  by  Schmaitt  aa  of  * 
rare  (x^curreoce ;  it  may,  however,  under  certain  circcunstaticaa  ^ 
Furthermore,  according  to  Schmaus,  the  oedema  is  not  alwaira 
sarily  a  simple  one,  caused  mechanically,  but  there  may  also  ooeiir 
an  inflammatory  cedema  containing  toxins  which  may  tbeniMh^a  oo- 
casion  a  true  myelitis.     This  occurrence  is,  however,  up  to  the  ] 
ent  a  purely  hypothetical  one. 

As  has  been  mentioned  above,  it  is  onlv  in  vei^*  rare  caaea  of 
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tebral  caries  that  perforation  of  the  dura  with  extension  of  the  fungoid 
iDflammation  to  the  pia  occurs.  If  it  does  take  place,  a  true  myelitis 
may  follow,  but  it  will  then  be  of  a  tuberculous  form.  Baymond 
indeed  regards  this  as  a  not  very  infrequent  occurrence.  Oppen- 
heim  in  one  such  case  has  also  observed  a  disseminated  tuberculous 
myelitis.  We  need  only  mention  that  rare  cases  of  tuberculous  pachy- 
meningitis externa  have  been  observed  in  which  the  bone  itself  was 
not  involved.  The  effects  on  the  cord  and  the  clinical  symptoms  may 
in  this  case  be  the  same  as  in  caries  of  the  spine,  but  deformity  will 
be  absent. 

In  severe  lesions  of  the  cord,  ascending  and  descending  forms  of 
degeneration  will  of  course  make  their  appearance.  The  spinal 
nerve  roots  which  pass  through  the  region  of  the  fungoid  inflamma- 
tion are  subject  to  the  same  injuries  as  the  cord,  although  they  are 
more  resistant  than  these.  They  may  thus,  for  example,  be  sim- 
ply compressed  as  they  emerge  from  the  spinal  canal,  or  may  be- 
come oedematous.  In  either  case,  if  the  bone  affection  progresses, 
they  become  degenerated  or  disintegrated.  A  direct  inflammatory 
process  may  occur  much  more  readily  in  the  nerve  roots  than  in  the 
cord.  The  muscles  which  are  dex)endent  on  the  diseased  portion  of 
the  cord  or  on  the  diseased  anterior  roots  will  then  become  degen- 
erated and  atrophied. 

Etiology. 

Caries  of  the  spinal  column  occurs  in  both  sexes  with  equal  fre- 
quency. It  is  as  a  general  rule  a  disease  of  early  life  and  especially 
of  childhood.  It  rarely  makes  its  appearance  before  the  fourth  year 
of  life,  but  occurs  quite  frequently  about  the  time  of  puberty.  How- 
ever, it  does  not  respect  even  old  age,  and  the  first  case  which  the 
writer  (Bruns)  had  the  opportunity  to  observe  closely  was  that  of  a 
woman  about  sixty  years  of  age ;  he  has  met  with  a  number  of  cases 
between  thirty  and  forty  years  of  age.  Gowers  indeed  holds  that 
tuberculosis  of  the  spinal  column  is  the  most  frequent  form  of  tuber- 
culosis occurring  during  the  second  half  of  life. 

Caries  of  the  spinal  column  is  a  tuberculous  process,  and  we  often 
find  in  these  patients  other  tuberculous  foci,  especially  in  the  lungs 
or  in  other  bones  and  joints  and  in  the  lymphatic  glands.  Occa- 
sionally caries  of  the  spinal  column  occurs  as  an  isolated  lesion.  A 
general  miliary  tuberculosis  makes  its  appearance  late,  if  at  all,  after 
the  disease  has  existed  in  the  bones  for  some  time. 

Frequently  a  traumatism,  especially  one  of  the  spinal  column,  is 
asserted  as  the  cause  of  caries,  and  it  is  certain  that  the  latter  is 
often  brought  to  light  as  a  sequel  of  such  injury.     Either  latent 
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tuberculous  foci  were  alreacly  present  in  these  yertebral  bodies,  and 
were  incited  to  more  rapid  growth  by  the  injury,  or  elBe  the  tubercle 
hat^Ui,  probably  alreiuly  present  in  the  organinm,  found  in  Itie  in- 
jured parts  favorable  conditions  for  growth.  In  either  cttid  tli0  trsn- 
niatism  is  therefore  only  a  remote  cause  of  the  spiuAl  ^kries. 


Symptomb. 

The  symptoms  of  Pott's  disease  may  be  divided  into  those  1 
able  to  the  disetised  vertebrte,  to  the  affei'ted  ner\'e  ro<ib  of  tha  qmtfd 
cord,  and  to  the  spinal  cord  itiielf.  As  a  general  nda  they  also  fbUaw 
this  order  in  their  appearance.  It  may  be  stated  in  advance  llial 
fever  may  also  lie  present  in  all  the  stages  of  tuberculone  fsanes  cf 
tlie  spine,  as  in  all  other  tuberculous  affections.  Its  degree  may  vary 
greatly,  and  it  may  be  absent  altogether. 

Disease  of  the  vertebrte  makes  itself  known  in  the  first  ii 
by  pain.  The  pain  is  not  always  correctly  located  by  the 
and  it  is  then  necej^sary  to  trace  it  to  its  origin.  Preaante  ahoold  be 
made  with  the  finger  tips  on  the  spinous  proceesea^  arbeUar  atill  an 
attempt  may  he  made  to  disf  ^lace  these  laterally ;  this  imuallj  caneia 
excessive  pain.  The  seat  of  the  disease  may  abo  reveal  Haelf  hf 
great  tenderness  when  a  hot  sponge  is  jiaseed  over  the  epinal  col* 
umn.  The  method  of  eliciting  pain  by  violontly  striking  the  aknll 
is  rather  rough,  and  besides  does  not  always  clear  up  the  qiiflitioii 
as  Uj  which  vertebra  are  involved,  as  the  patient  ia  eeMoai  aUe  to 
localize  the  pain  produced  in  this  manner.  Ab  we  mei^t  with  tnnilM^ 
vertebra?  also  in  h^'steria  and  neurasthenia  we  moat  eapeciaUjr  en* 
deavor  to  exclude  these  diseases.  As  a  general  role  the  pain  in  llMMe 
diseases  is  not  so  localized,  and  it  is  also  not  so  doll,  deep  eeated^ 
and  persistent;  its  seat  is  es[>ecially  in  the  skin,  and  it  ta  aol  in> 
creased  by  firm  pressure.  Tlie  pain  is  of  course  increas4xl  by  mortna. 
The  iiatient  seeks  to  avoid  this  and  therefore  holds  his  spinal  colnntn 
as  rigid  as  possible.  This  stiffness  or  contracture  oonatilalea  Hie 
second  symptom  of  vertebral  disease.  The  sympttim  ia  moel  taariEed 
in  the  cervical  portion  of  the  spinal  column,  which  has  the  greateat 
mobib'ty  in  health.  Here  the  patif^ut  HU[>i>orts  his  heml  as  mttdiaa 
possibte  with  his  hands^  when  lying  down  or  rising,  in  order  to  pti^ 
vent  even  the  slightest  movement  of  the  vertebra.  Not  inlreqneody 
the  head  is  also  C4irried  somewhat  flexed  and  turned  to  one  aide  eo  aa 
to  remind  one  of  torticollis.  If  the  seat  of  the  cariee  is  in  the  i 
region  of  the  cord,  the  patient,  when  attempting  to  pick  up  aonietliing 
from  the  floor,  does  not  incline  the  trunk  forwanls,  bat  beodto 
kneesj  at  the  same  time  hi^lding  the  trunk  perfectly  straight 
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ing  and  sneeziiig,  as  well  as  all  jarriDg  of  the  body,  may  increase  the 
pain  greatly. 

The  most  characteristic  symptom  finally  is  the  deformity  of  the 
spinal  colmnn,  the  acnte  angular  kyphos  or  gibbus.  It  is  chiefly 
met  with  in  the  dorsal  region  of  the  spine.  Bachitis  and  other  dis- 
eases of  the  yertebrsB,  excepting  traumatisms,  do  not  produce  it.  It 
is  formed  by  the  collapse  of  the  body  of  one  of  the  vertebrsB,  so  that 
the  spine  above  inclines  forwards  and  the  spinous  process  which  lies 
above  or  below  the  diseased  part,  usually  the  lower  one,  strongly 
protrudes.  The  protrusion  is  most  marked  if  only  one  vertebra  is 
destroyed;  when  more  are  involved  the  kyphos  is  more  rounded. 
The  spinal  column  may  be  occasionally  deflected  to  one  side.  It 
must,  however,  be  specially  observed  that  kyphosis  frequently-  oc- 
curs only  very  late,  after  the  lesion  of  the  spinal  cord  has  already 
reached  its  full  height,  and  that  it  may  be  absent  during  the  whole 
coarse  of  the  disease.  The  cold  abscesses  and  other  neighboring 
affections  which  may  be  present  as  complications  have  already  been 
discussed. 

The  nerve-root  symptoms  which  may  accompany  caries  of  the 
spinal  column  may  be  dependent  on  lesions  of  the  posterior  as  well 
as  of  the  anterior  roots,  and  are  therefore  sensory  and  motor  in 
character.  In  both  regions  we  have  accordingly  to  distinguish  be- 
tween irritative  conditions  and  conditions  of  paralysis — that  is  to  say, 
between  pain  or  hyperaesthesia  and  anaesthesia  in  the  sensory  field, 
and  between  spasms  and  generally  flaccid  x^aralysis  in  the  motor. 
As  a  rule  the  sensory  symptoms  predominate  over  the  motor,  and  in 
the  former  the  symptoms  of  irritation  again  predominate  over  those 
of  paralysis.  Pain  or  hyi)er8esthesia  is  usually  present  in  certain 
skin  areas,  but  a  marked  anaesthesia,  which  may  be  referred  wholly 
to  the  lesion  of  the  vertebrae,  is  much  more  rare.  Spasms  have  in- 
deed been  observed  in  pure  root  lesions  but  they  are  very  rare.  The 
paralysis  and  atrophy  due  to  an  affection  of  the  anterior  roots  api)ear 
as  a  rule  only  late  and  very  slowly  and  gradually,  taking  a  pretty  long 
time  before  they  become  fully  developed  in  a  cei*tain  muscle.  It  is 
doubtiess  because  of  this  slow  course  that  we  are  only  rarely  able  to 
demonstrate  a  complete  reaction  of  degeneration  in  the  affected  mus- 
cles ;  generally  we  have  to  deal  with  only  quantitative  changes  of  the 
electrical  excitability — that  is  to  say,  a  lowering  of  the  latter  which 
gradually  becomes  lost.  We  can  understand  this  from  what  we  know 
at  the  present  time  of  the  extensive  anastomoses  of  the  spinal-cord 
roots  in  the  plexuses  and  in  the  peripheral  nerves — anastomoses 
which  lead  to  the  supply  of  each  muscle  and  skin  area  by  at  least 
three  roots;  and  of  the  demonstrated  fact  that  comx)lete  anaesthesia  of 
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any  skin  area  ami  marke^l  paralysis  aod  atrophy  of  a  definit«»  nsgkm 
can  obtaio  only  wlieu  all  the  iJ<38terior  and  anterior  roots  sappljriiig 
tlie  part  are  injured.  For  the  occurrence  of  i>ain  or  hypcrifltlMUta 
iu  a  eertfiin  skin  area  or  for  the  ap^iearanee  of  spaatic  Bympkmm  ia 
certain  miiHcles,  the  irritation  of  one  of  the  roots  involfied  m  quite 
suflicieot;  hut  for  the  productiun  of  anaxnthema,  or  of  pamlysui  mad 
atrophy  all  must  \)e  markedly  injured*  The  8ensc»ry  and  mattur  Ifiol 
Hymptoms  are  eonliued  in  their  localization  to  the  diffuflion  of  Use 
individual  roots  of  the  si>inal  cord,  they  will  not  thereforo  eorrMpond 
to  tlie  area  of  diffusioo  of  the  jieripheral  nerves.  We  caanot  fliop  to 
study  tbiH  mnm  in  detul  here,  but  what  is  raoet  neceeea^  \um  alremly 
been  said  in  the  chapter  on  injuries  to  tlie  spinal  conl. 

The  pain  is  ^'enerally  tearing,  lancinating,  or  it  may  bo  m  nofefil 
burning  se^nHatirm;  the  antesthesia  iuTolves  all  the  fonoa  of  awiaeiino 
etpiidly. 

In  rare  ciises  trophic  disturbance's  of  the  skin  beloogiug  to  Ihal 
area  are  induced  by  the  aff taction  of  the  nene  roots  of  the  spinal  cotiL 
Host  frequently  ht^rpos  zoster  iti  present,  but  a  variety  of  |>einptiigiis 
has  also  been  ol>8erved. 

In  a  special  sense,  the  grouping  and  localization  of  the  root  ejmip* 
tonis  is  of  course  dejmndent  i>n  the  aeat  of  the  eariei  aft  ngiudm  the 
longitudinal  axis  of  the  s(>iual  cord.  In  the  most  frequotifljr  oeeor* 
ring  site  of  caries  iu  the  dorsal  region  of  tlie  spinal  eolttioii  marlied 
motor  symptoms  depending  on  nxit  lesions  are  not  promtMott  aJid 
only  when  the  seat  of  the  disease  is  pretty  dee[)  a  {laraljui  of  the 
abdominal  musck^s  might  <»ccur.  The  girdle  pain  involvres  oiMvhelf 
or  the  entire  circumference  of  the  thorax  at  any  height;  it  doee  not 
conliae  itself  to  an  intercostal  space  but  takes  its  coarse  aocoffdii^  Id 
tlie  root  areas,  running  horizontally  around  the  cheats  thus  rmerim 
a  numl>er  of  intercostal  spaces.  If  anieatbesiA  and  herpes  Boeler  eie 
Iwjth  prt^.sent  tliey  will  l^e  found  in  the  same  area.  WTien  a  gibboe  ie 
present,  the  pain  is  ahvays  felt,  most  markeilly  at  least,  two  aptnooe 
pn»cesseH  belnw  the  former.  If  the  upfier  dorsal  and  lower  (eefeetli 
and  eighth)  cervical  nerve  rmits  are  atfectcMl  by  the  eiuiee,  the  pauit 
p  ssibly  aniesthesia,  and  later  herpes,  will  l>e  situated  on  the  olner 
side  of  the  arm  and  forearm  and  prolmbly  the  hand;  thn  flacrid 
atrophic  paralysis  involves  the  small  muscles  of  the  hand  and  the 
extensors  and  flexors  of  the  tiogers  and  hand.  Painful  tonic  epeene 
in  these  muscles  have  also  lieen  oljserved  in  cases  of  lesion  of  the  an- 
terior roots.  An  affection  of  the  first  dorsal  root  cauaes  a  oontra^ioo 
of  tlie  pupil  and  a  narrowing  of  the  pal[>ebral  fissure,  which  are  espe- 
cially noticeable  when  unilateral.  If  the  upfier  rt>oti  of  tlie  cerrkal 
enlargement  are  affected,  the  seat  of  the  pain  will  be  in  the  i 
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and  arm;  any  anaesthesia  present  will  involve  the  radial  side  of  the 
arm.  Paralysis  and  atrophy  will  be  found  in  the  deltoid  muscle, 
bioex)e,  brachialis  intemus,  supinator  longus,  infraspinatus,  and  per- 
haps in  some  other  muscles  of  this  region.  The  root  symptoms  in 
tuberculous  disease  of  the  upper  cervical  vertebrse,  which  is  not  very 
rare,  are  quite  characteristic.  The  pain  is  here  experienced  in  both 
occipital  nerves.  A  unilateral  atrophy  of  the  tongue  has  occasionally 
been  observed  in  these  cases  by  the  writer  and  others.  In  the  same 
manner  the  accessory  nerve  may  also  be  injured  and  a  paralysis  of 
the  sternocleidomastoid  and  the  trapezius  may  occur.  The  writer 
(Bruns)  once  observed  in  a  case  of  displacement  of  the  upper  cervical 
vertebrte,  in  addition  to  a  paraplegia,  an  aphonia  so  complete  that  it 
could  not  be  explained  wholly  by  the  paralysis  of  the  muscles  of  res- 
piration. As  a  rule,  the  small  muscles,  which  are  concerned  in  the 
movements  of  the  head,  are  also  paralyzed. 

When  the  seat  of  the  lesion  is  opposite  to  the  upper  portion  of 
the  lumbar  enlargement,  the  root  symptoms,  pain,  perhaps  anaesthe- 
sia, and  possibly  zoster,  if  present,  have  their  seat  on  the  anterior 
surface  of  the  legs ;  the  paralysis  and  atrophy  involve  the  crural  and 
obturator  muscles  and  those  supplied  by  the  peroneal  nerve.  Should 
the  lesion  be  situated  in  the  lower  portion  of  the  lumbar  enlargement, 
the  pain  will  be  felt  in  the  ischiatic  region,  over  the  posterior  surface 
of  the  legs,  in  the  perineum,  and  in  the  genitals;  anaesthesia  and 
atrophic  paralysis  of  the  muscles  of  the  calf,  of  the  crural  flexors,  and 
of  the  muscular  tissue  of  the  perineum  may  also  occur.  In  lesions 
of  the  Cauda,  the  sacral  roots  only  are  usually  affected,  but  the  lum- 
bar muscles  may  also  be  involved. 

To  recapitulate :  The  root  symptoms,  especially  the  most  common 
one,  pain,  may  be  of  variable  intensity  and  duration  in  cases  of  spinal 
caries.  They  are  on  the  average  of  moderate  intensity,  more  mod- 
erate than  in  other  diseases  of  the  vertebrae,  especially  than  in  car- 
cinoma. They  may  be,  however,  of  quite  extraordinary  intensity  or 
they  may  be  absent  during  the  whole  course  of  the  disease.  As  a 
rule  they  do  not  exist  alone  for  any  length  of  time  without  marked 
bone  or  spinal-cord  symptoms.  They  usually  follow  the  signs  of 
disease  of  the  bones,  and  precede  the  cord  symptoms ;  not  very  in- 
frequently they  are  not  seen  until  after  marked  symptoms  of  com- 
pression of  the  cord  have  appeared.  They  are  nearly  always  bilateral. 
As  a  general  rule  they  are  more  frequent,  more  violent,  and  more  dis- 
seminated in  disease  of  the  lumbar  and  sacral  roots,  and  especially  of 
the  Cauda  equina,  than  in  caries  of  the  spinal  column  of  the  thorax. 
Caries  of  the  cervical  vertebrae  is  also  more  painful  than  that  of  the 
dorsal  spine.     The  symptoms  which  occur  from  the  involvement  of 
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the  cord  itself  in  verte)>ral  caries  are  dependent  on  tlie  fanctiovyd  difl^ 
turbaiice  of  those  parbi  which  are  directly  attackeil  by  the  loiiiaii«  aod 
on  the  interrnption  of  communication  in  the  parta  of  the  fipuud  caotil 
which  lie  below  the  site  of  the  lesion.  As  the  funetiomi  of  Ibe  i 
segmeiita  do  not  differ  horn  those  of  the  root«  which  lead  ffosi  1 
the  By  mptoms  due  to  lesion  of  the  cord  iteelf  at  a  jHunt  ctir 
to  the  seat  of  the  caries  do  not  materially  differ  from  thnae  diia  to 
injury  of  the  nerve  roiita  emerging  at  the  same  level,  m|ieciiilly  if  tim 
roots  are  involved  just  as  they  arise  from  the  cord.  n»  in  ttaottUjr  Urn 
case.  We  therefore  have  to  deal  in  the  mot^tr  area  witli  a  flAocid 
paralyeis  accompanied  by  atrf>phy  and  loss  of  Uie  tendon  redfni«  to 
the  sensory  area  with  hy  iM^riesthesia  or  ana^thesia.  If  the  root  symp- 
toms have  been  very  pronounced  before  the  cord  itsvlt  htm  beccupp 
involved,  the  snbsetpieut  implication  of  the  oord  wjU  not  bf«  nurlMd 
by  the  occnrreuce  of  any  new  sym|>t<^ms  in  the  area  dopcfidfiol  on  tto 
affected  eei^ent.  As  a  K^n^^i'^l  rule^  however,  the^e  nymptoam  wiD 
not  be  of  so  high  a  degree  in  a  lesion  of  the  roots,  and  wc  mmy^  lliam* 
fore,  since  the  roots  are  generally  more  resistant  to  injim'  than  Ibe 
cord,  refer  the  t>ccurrejice  of  marked  paralysis  and  atrophjr  aad  dia* 
tinct  anicHthesia  rather  to  a  lesion  of  the  cord  than  to  ooe  of  the  iooIl 
This  applies,  however,  only  in  a  general  way,  and  in  speeial  iMMt  «ii 
shall  meet  Mith  aU  kinds  of  irregularities.  If  both  root  liaifKni  aad 
segment  lesions  are  present,  it  will  hardly  be  poeaible  to  refar  tlia 
individual  symi»toms  to  one  or  the  other,  although  Tiolfoit  pain 
is  probably  always  due  to  irritation  of  the  root  As  the  sogmstil 
symptoms  are  produced  by  the  direct  injury  of  the  ooid  ai  llie  sito  of 
the  fungoid  growth,  they  an^  lexmted  higher  up  than  the  rt»oi  S}roi|>' 
toms,  and  we  may  eonchide  from  them  as  to  the  height  of  the  lasiao 
and  its  upwanl  extension;  always,  of  course,  provided  Ibcrs  is  Oiil 
some  functional  dist^irbance  of  the  corti  aliove  the  site  of  Ae  cooi- 
pression.  The  grouping  and  localization  of  the  functicMial  diatefb* 
ances  due  to  the  segment  lesion  of  the  cord  are  the  same  an  thois 
can  set!  by  the  lesion  of  the  corresponding  roots,  which  we  have  d^ 
»cril>ed  alwive. 

The  functional  disturbances  of  those  areas  which  are  dt 
on  the  portion  of  the  cord  lying  below  the  lesion  are  due  to  the  l 
or  less  complete  interruption  of  the  conduction  of  the  enrd  hj 
lesion.  They  are  in  their  way  always  the  same,  only  differiog  aeoovd* 
iug  to  the  height  of  the  compression.  They  are  tlie  only  symploias 
which  justify  the  conclusion  that  the  cord  is  itself  invoh^ed  in  the 
dieesne  process,  for,  as  regards  the  symptoms  referable  to  the  sito  of 
tiie  eompression,  we  frequently  are  unable,  as  liefote  msfiliooed*  to 
decide  whether  we  are  dealing  with  cord  or  with  tool 
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When,  howoYer,  the  roots  alone  are  involved,  there  is  no  interruption 
of  oonduotion  in  the  cord.  The  symptoms  of  interruption  of  cord 
conduction  consist  in  disturbances  of  motility,  of  sensibility,  of  the 
reflexes,  and  of  the  sphincters.  The  paralysis  is  not  combined  with 
atrophy  and  disturbances  of  electrotonus,  and  it  is  nearly  always 
spastic,  both  of  which  characters  are  in  contrast  to  the  paralysis 
which  is  directly  produced  at  the  site  of  the  compression.  Sensibility 
is  usually  equally  disturbed  in  all  its  forms,  if  it  is  affected  at  all. 
The  skin,  and  e8i)ecially  the  tendon  reflexes,  are  increased  if  their 
reflex  curve  lies  below  the  site  of  compression.  The  disturbance  of 
the  sphincters  varies  according  to  the  site  of  the  compression,  and  it 
is  impracticable  to  make  any  generalization  concerning  them  here. 

Let  us  assume  that  the  lesion  of  the  cord  has  led  to  an  incomplete 
interruption  of  conduction  in  the  compressed  segment,  we  shall  then 
meet  with  the  following  group  of  symptoms,  according  as  one  or  the 
other  part  of  the  cord  is  affected.  We  will  first  mention  those  symp- 
toms which  are  referable  to  the  segments  which  are  directly  injured, 
or  the  corresi)onding  nerve  roots,  and  then  the  symptoms  due  to  the 
interruption  of  conduction  in  the  cord. 

Dorsal  Begion. — Girdle  pains,  a  zone  of  hypersesthesia  at  a  level 
corresponding  to  the  site  of  the  lesion.  Spastic  paralysis  of  the  lower 
extremities  accompanied  by  contracture  of  the  extensors,  rarely  of  the 
flexors,  and  by  clonus  of  the  patellar  and  Achilles  tendons  and  fre- 
quently a  marked  so-called  "" spinal  epilepsy."  Anaesthesia  as  far  as 
the  skin' area  of  the  directly  compressed  segment,  but  increased  skin 
reflex.  Difficulty  of  micturition  frequently  accompanied  by  tenesmus 
and  sometimes  going  on  to  total  retention.  Frequently  ischuria  para- 
doxa,  rarely  true  incontinence  of  urine;  sometimes  very  frequent 
alvine  discharges,  at  other  times  constipation. 

Cervical  Enlargement. — When  the  lesion  involves  the  lower  half 
of  the  cervical  enlargement,  there  will  be  pain  or  hypersesthesia 
of  the  ulnar  surface  of  the  arm  and  forearm  and  of  the  hand.  Atro- 
phic paralysis  of  the  small  muscles  of  the  hand  and  sometimes  of  the 
flexors  and  extensors  of  the  fingers  and  hand,  accompanied  by  re- 
action of  degeneration.  Anaesthesia  of  the  thorax  reaching  anteriorly 
as  far  as  the  second  rib  and  posteriorly  as  far  as  the  spine  of  the 
scapula,  and  involving  the  ulnar  half  in  the  arm.  Contraction  of  the 
pupil  and  narrowing  of  the  i)alpebral  fissure.  The  conditions  of  the 
paralysis  in  the  lower  extremities,  of  the  tendon  reflexes  in  this  situ- 
ation, and  of  the  disturbance  of  the  sphincters,  are  the  same  as  when 
the  seat  of  the  lesion  is  the  dorsal  region  of  the  cord.  In  addition, 
however,  the  muscles  of  the  chest  are  also  paralyzed  and  respiration 
is  difficult. 
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Wlien  the  lesioo  involves  only  th«  upper  half  of  the  cervical  walbagi^ 
meDt,  there  may  bo  spastic  degeuerative  p&ralysU  m  the  fnrenfiD  mud 
hand,  Hod  atrophic  degenerative  paralysis  in  the  shoulder  and 
The  pain  will  be  HeaU^tl  in  the  t*houliler8  and  amis.  Thd 
involves  the  ai^rns.  The  pupils  and  palpebral  fissuied  are  fiol 
tracted  (?).  The  other  conditions  are  the  same  as  thoaa  ] 
in  the  preceding  paragraph. 

When  the  lesion  attacks  the  i'///>er  cemical  vartelntt^  m 
paralysi»  of  all  four  extremities  will  exist.  AjUBethosia  will 
involve  the  nucha,  the  upper  portion  of  the  cbeet,  and  tli© 
The  diai>hragm  in  usually  paralyzed.  At  times  the  medulla  oblongata 
is  al8u  involved,  and  Charcot  lias  called  attention  to  tba  alov  polaa 
accompanied  by  nttackn  of  Hyucoj>e  in  some  of  these  laaiis.  Epikp- 
tie  seizures  have  also  been  observed. 

In  lesiouB  of  the  lower  dorsal  vertdnw  and  of  the  upper  laimbar  per* 
(efme  the  whole  Inmbir  enlargement  may  be  involved*  We  dmi  find 
flaccid,  atiophic  degenenittve  paralysis  of  the  lower  extremilteH,  and 
the  tendon  reflexes  are  absent;  there  is  incontinence  of  urine,  fiMn^^h 
the  bladder  may  be  able,  on  account  of  the  elasticity  of  iha  aphlBiK 
ters,  to  retain  small  quantities  of  urine.  Im^Ritence  ha  aluo  pfeae&t 
Both  lower  extremities  are  destitute  of  sensation,  and  pain^  tl  pwanl, 
is  located  either  in  the  alxloiuen  or  in  the  inguinal  region,  or  panUf 
on  the  anterior  surface  of  the  thigh,  Sbotdd  the  lumbar  cord  proper 
he  involved,  we  may  find  flaccid  atrophic  paralysis  with  ^Nwtr^ 
of  tl]e  patellar  reflex ;  in  the  leg  there  will  \ye  spastic  fwmljaia  mB^ 
oompanied  by  clonus  of  the  Achilles  tendon.  The  ftfigwlliaaa  will 
extend  as  far  as  in  involvement  of  the  whole  lumbar 
Pain  is  also  experienced  in  the  crural  region.  The  i 
disturbances  of  the  bladder  may  exist  as  are  found  Aooompaiijiii^ 
lesions  of  the  dorsal  region  of  the  t*ord. 

^Tien  the  sacnd  cord  only  is  involved,  atrophic  degfoieraltfe  pa^ 
ralysis  is  present  only  in  the  muscles  of  the  legs  and  of  the  fM<  ami 
sometimes  in  the  flexors  of  the  thigh;  the  remaining  maacolar lit 
of  the  thigh  may  Ih3  unaffected,  the  patellar  reflex  maj'  be] 
but  the  reflex  of  the  Acliilles  tendon  is  absent.  The  atuDstbeata  in* 
volves  esi>ecia]ly  the  [>o8terior  surface  of  the  teg  and  thigh,  Ibe  HMHal 
organs,  and  the  perineum.  The  disturbance  of  the  sphtnctera  ia  I 
same  as  when  there  is  a  total  lesion  of  the  lumliar  enlargenieiit^ 

If  the  caiida  equina  is  affected  by  the  lesion,  the  aymploiiia  i 
generfdly  the  same  as  when  the  sacral  portion  of  the  Ittmbar  enlavn^ 
ment  is  affected.  As  a  general  rule  the  lesion  in  caries  of  the  spinal 
column  is  not  so  exactly  limited,  and  the  partial  affectkma  of  tba  ear* 
vical  and  lumbar  enlargements  are  for  this  reason  prohali^  rardj 
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met  with.  In  the  lumbaer  region  of  the  cord  a  gradual  lesion  of  the 
sacral  portion  of  the  lumbar  enlargement,  without  an  affection  at  the 
same  time  of  the  lumbar  roots  leading  to  the  cauda  equina,  will  be 
very  rarely  met  with ;  it  is,  however,  possible.  Decubitus  of  the  sa- 
crum may  occur  in  all  cases  in  which  marked  anaesthesia  is  present; 
cystitis  in  all  cases  in  which  marked  disturbance  of  the  bladder  is 
present. 

The  symptoms  described  so  far  are  those  which  occur  when  the 
lesion  has  caused  a  severe  but  not  total  interruption  of  conduction. 
They  are  changed  as  well  when  the  interruption  of  conduction  is  still 
more  incomplete  as  when  it  is  a  total  one.  In  the  first  instance  the 
spastic  xxur&lyBis  becomes  a  spastic  paresis,  and  the  atrophic  paresis 
at  the  site  of  pressure  will  itself  be  very  slight.  The  anaesthesia  be- 
comes a  hypsBsthesia,  and  in  a  great  number  of  cases  there  is  no  dis- 
turbance whatever,  even  when  the  motor  paralysis  is  quite  marked. 
In  the  same  manner  the  disturbance  of  the  sphincters  may  be  rudi- 
mentary. When  the  lesion  involves  the  dorsal  region,  its  frequent 
seat,  there  may  be  present  as  the  only  cord  symptom  a  spastic  pare- 
sis of  the  lower  extremities;  should  this  paresis  advance  to  a  pa- 
ralysiSy  sensory  and  sphincter  disturbances  will  also  appear.  When 
such  slight  lesions  affect  the  lumbar  region  of  the  cord  a  flaccid 
paresis  will  manifest  itself,  and  the  trophic  disturbances  will  also  be 
slight 

When  the  interruption  of  conduction  is  total,  the  tendon  reflexes 
of  the  lower  extremities  will  also  be  abolished,  even  in  lesions  of 
the  cervical  and  upper  region  of  the  dorsal  cord.  The  paralysis  will 
then  be  of  the  flaccid  variety.  This  condition  may  follow  a  spastic 
paralysis  in  association  with  a  gradual  increase  of  the  interruption 
of  conduction.  The  sphincters  are  then  probably  affected  in  the  same 
manner  as  in  lesions  of  the  lumbar  region  of  the  cord.  Babinski  has 
described  cases  in  which  the  patellar  reflex  was  absent,  even  in  very 
slight  lesions  of  the  region  of  the  dorsal  cord;  this  circumstance  is 
difBcult  to  explain,  but  such  cases  are  interesting  in  a  therapeutical 
relation. 

The  cord  symptoms  in  caries  of  the  spine  are  almost  without  ex- 
ception bilateral,  even  when  they  are  not  altogether  symmetrical. 
Occasionally,  however,  only  one  side  is  affected,  and  then  paralysis 
may  occur  on  the  side  of  the  lesion,  and  anaesthesia  on  the  opposite 
side  as  in  Brown-S^uard's  paralysis.  The  writer  has  seen  this  very 
distinctly  in  a  case  of  caries  of  the  cervical  vertebrae. 
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COUBSE,    DUBATION,    TERMINATION, 

Vertebral  caries  and  the  spinal  paralysis  oocaaiondd  bj 
tute,  as  a  rule,  a  ckroiiic  diBeaHe.  In  typical  caBes,  aa  already  rtaled* 
bone,  root,  aDcl  cord  symptoms  f«»llow  each  other,  altbciogh  H  gTCKl 
many  exceptioua  to  tbis  typical  secjueiice  occur.  If  the  deforculj  ol 
the  Bpioal  enlumn  is  the  primary  symptom,  fjaralysis  nsuaUy  loOovt 
it  at  an  ininnal  of  some  months.  C^ses  have  been  knowti,  hawvvii, 
in  which  the  spinal  symptomH  did  not  make  their  appeamooe  voHl 
years  after  the  deformity  occurred,  and  some  even  are  on  record  ill 
which  kyphosis  apf)eared  in  childho4xl  but  the  pandysta  did  ool 
occur  until  adult  life.  According  to  our  oxporienoe  Iroe  sptnil 
symptoms  make  their  appearance  very  late,  if  at  all,  in  cariea  ot  Um 
upper  cervical  vertebra\  for  the  refiaon  probably  that  tlie  ••viri^  of 
the  symptoms  associated  with  caries  of  this  region  uaually 
early  resort  to  treatment. 

In  (ithor  cases  the  bone  symptoms,  espeoiAlly  the  dofoimiify^ 
the  root  and  curd  symptoms  make  their  appeftnmoe  at  about  tlis 
time,  and  as  a  rule  the  whole  prooeaa  takes  a  more  rapid  eoitne  im 
these  cases.  In  otiiers  jiK^iin^  which  cases  are  not  so  very  ifiireqoenlt 
the  Urst  sym|>toms  are  tlii:»se  referable  to  involvement  of  tba  fi^rvn 
roota  and  cord,  or  (perhaps  to  the  cord  alone,  and  tlien  a  total  paralv- 
sia  ooours  without  the  slightest  warning  in  the  shape  of  aytnploiBa 
of  disease  of  the  verU^brm.  The  deformity  in  these  CBBcm  Emiiiaiilljr 
foUovB  a  long  time  afterwards,  or  may  never  oooui*.  It  ta  oot  oAen 
that  root  symptoms,  QBX)ecially  pain,  exist  for  a  long  time  aa  Umi 
sole  evidence  of  disease.  Of  the  greatest  rarity  are  tha 
which,  after  the  existenoe  for  some  time  of  bone  symt>toiDa» 
larly  of  pain  or  [perhaps  of  deformity,  with  a  t^ital  aliaaiioa  cif  ootd 
symptoms,  a  complete  (paraplegia  makes  its  appeamnoe  anddialy, 
perhaps  as  the  result  of  a  very  slight  traumatism. 

If»  however,  a^  is  usually  the  c^ise,  the  c«>rd  symptoms  make  tlwr 
appearance  slowly  and  graduiklly,  they  will  occujiy  same  time  in 
arriving  at  their  full  height.  Oppenheim  says  that  the  lima  ia  aboat 
one  year.  Tliere  will  lie  present  in  such  a  case,  for  asjunple  iii  cariat 
of  the  dorsal  region  of  the  spine,  at  first  perha|iB  a  alight  girdle  meat- 
eation,  followed  by  spastic  paresis  of  the  lower  eoEtramitj  and  es* 
aggerated  reflexes;  gradually  disturbances  of  aenaatJeii  and  of  Ibe 
bladder  will  appear,  the  [laresis  progresses  to  pafalyna,  Um  landoo 
reflexes  may  disapi^ear,  and  bedsores  are  pnxluoed.  Allboo^  tbe 
aymptoma  are  usually  ^bilateral,  we  also  meet  with  cases  in  wliicb  at 
first  only  one  l^g  is  paralyzed^  or  in  which  symptoms  of  Brows- 
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S&inftrd's  paralysis  appear.  In  other  cases  the  coarse  may  be  a 
rapid  one,  even  in  the  absence  of  acute  compression,  or  periods  of 
seeming  cessation  of  the  process  may  alternate  with  periods  of  ex- 
acerbation. In  these  cases  we  have  in  all  probability  to  deal  with  a 
rapidly  occurring  and  again  disappearing  oedema. 

A  cessation  of  the  cord  disease  may  occur  at  any  time.  It  is 
characteristic  that  this  favorable  circumstance  does  not  stand  in  any 
poBitive  relation  to  the  course  of  the  bone  affection.  Thus,  while  the 
bone  disease  remains,  the  affection  of  the  cord  may  improve  in  con- 
sequence of  the  discharge  of  an  abscess  externally  or  of  the  removal 
of  pressure  in  some  other  way ;  it  may,  however,  continue  and  pro- 
gress after  the  bone  affection  is  fully  cured.  Acute  exacerbations 
may  occur  after  a  long  period  of  quiescence,  especially  as  a  result  of 
a  alight  traumatism ;  in  a  case  mentioned  by  Gowers  a  violent  sneeze 
was  sufficient  to  start  the  process  again. 

The  further  course  and  the  final  termination  of  the  cord  affection 
may  also  vary  greatly.  In  one  series  of  cases  a  total  cure  of  the 
paralysis  occurs,  and  it  is  quite  noteworthy  that  this  recovery  may 
take  place  even  where  the  gravest  symptoms  have  existed  for  years. 
The  writer  has  seen  recovery  ensue  in  a  case  which  had  progressed 
to  marked  contractures  of  the  flexor  muscles  and  severe  decubitus. 
Anatomically  these  cases  are  probably  due  to  simple  compression  or 
to  an  existing  oedema.  Occasionally  the  evacuation  of  a  cold  abscess 
exerts  a  favorable  influence.  The  affection  of  the  vertebrae  then  heals, 
leaving  behind  it  usually  a  marked  kyphosis.  Of  the  cord  symptoms 
the  first  which  usually  improve  are  the  sensory,  then  the  bladder  dis- 
turbances; but  slight,  usually  spastic  forms  of  paresis  remain  for  a 
long  time.  Belapses  also  occur  in  these  cases,  although,  as  Gowers 
remarks,  more  rarely  than  we  might  expect  from  the  nature  of  the 
disease.  Gowers  mentions  a  case  in  which  there  was  complete  recov- 
ery, interrupted,  however,  by  numerous  relapses.  This  same  author 
makes  a  remarkable  statement  to  the  effect  that  he  has  seen  spastic 
paresis  coming  on  in  the  case  of  one  who  had  recovered  from  spinal 
caries,  unaccompanied  by  paralysis,  in  early  life.  The  recovery  is 
more  frequently  only  partial.  Most  usually  we  have  to  deal  in  that 
case  with  a  spastic  paresis  of  the  lower  extremities  accompanied  by 
slight  bladder  disturbance,  both  of  which  conditions  frequently  re- 
main permanently. 

It  is  very  rare,  however,  that  there  is  no  abatement  in  the  severity 
of  the  symptoms.  This  may  be  explained  by  the  fact  that  in  the  incur- 
able cases,  when  very  pronounced  paralysis  and  anaesthesia  are 
present,  death  usually  results  from  decubitus,  cystitis,  nephritis,  amy- 
loid degenerations,  or  possibly  tuberculous  disease  in  other  parts. 
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Ab  u  rule,  a  fatal  t^ermiDatioo  is  more  common  in  ihoBe  eMcnin  wliiidi 
gravo  cord  symi>t(iiii8  are  i^reseut,  but  the  time  of  ita  OCCQlTeMe  is,  of 
coarse,  very  indefinite.  It  results  more  fre<|iiently  from  tabermloios 
disease  of  otlier  origans  tlian  it  does  directly  from  the  sptoal  Ottrioi 

and  its  cortl  cumpUcations. 


BlAQNOSIB. 

Tbe  diagnosis  of  Pott's  disease  in  ebaraeteristic  ttSii  b  Qoli 
t-nlt.     It  is  as  a  general  rule  esiieeifilly  easy  when  tha  <30linM  if 
f*H*tly  typical,  when  the  defurmity  and  the  root  and  cord  8jia| 
make  their  ap[>earanee  in  characteristic  secineDoe,  ami  abo  in 
easels  i>f  paraplegia  due  to  dise*ise  of  the  s[)iual  cord  in  which  a4  ] 
a  certain  tenderness  on  pressure  over  the  spinal  column  can  bedBO 
strated. 

In  older  persona  in  whom»  as  already  mentioned,  imricia  of 
spine  is  by  no  means  a  rare  oocurrence,  a  differential  dia^nosii 
tween  a  tumor  of  the  spine,  est^ecially  a  carcinoma,  or  |)er)iap«  an 
aneurysm,  will  have  to  be  made.  Deformity  of  tlie  spine  and  rocil 
and  cord  sy mptoms  are  preiient  in  both  cases.  The  presanoe  of  oUftsr 
tulx^rculcnis  fm-i  is  in  favor  of  cAriee ;  in  favor  of  CArcinama  m  Iba 
liistorv^  i>f  a  jirevioiis  removal,  perhaps  many  years  befor**,  of  aia^ig^ 
mint  gruwtli  of  the  breast  or  more  rarely  of  the  stomaclu  Tba  da* 
formity  of  tbe  spine  in  carcinoma  fiardly  ever  takes  the  form  of  a 
gibbus ;  usually  we  meet  with  a  gre^t  number  of  disaaaed  Teiiebria, 
frequeutly  nearly  all  are  involved,  the  whole  spinal  eolmtiD  aioka  and 
the  ]mtieut's  height  is  tictually  reduced,  but  a  sharp  bmnp  ta  not 
pr^ent.  Tl^e  sym|>toms  of  involvement  of  the  nerve  rools  and  of  llw 
cord  in  ciLses  of  ciiries  may  be  very  similar  to  those  aeen  in  oanoer  of 
the  spine;  in  eatdi  case  they  make  their  appearance  nanally  on  boili 
sides  simultiineouiily ;  in  carcinoma,  however,  the  root  fiymploaia  aa 
a  rale  seem  to  be  much  more  violent,  and  probably  exist  froqncBfljr 
for  a  longer  time  alone  than  in  caries.  The  writer  has  nnder  olwir- 
vation  at  the  present  time  a  csj^e  of  vertebral  carcinoma  in  wludb  a, 
alow  atro|)hic  paralysis  of  the  left  arm,  accompanied  by  Tioleol 
and  an  eruption  of  herpes  zoster  has  l)oen  developing  for  ooa  aad 
half  3* ears,  without  a  lesion  of  the  cord  being  demonstrable.  A  k 
continued  bilateral  sciatica  should  always  make  ns  suspect  tbe 
ence  of  carcinoma  of  the  spine.  In  my  exj>erienc«  the  preaagre  symp- 
toms in  eases  of  carcinoma  of  the  verteVirre  apix*ar  frequently 
late,  and  only  in  a  moderate  degree,  although  a  sadd^en  pandj 
aooompanied  by  displacement  of  the  vertebrie  may  of  comae 
an  instance  of  which  the  writer  saw  only  a  short  time  sgo. 
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The  diagnosis  is  not  always  so  simple,  however.  Thus  Schles- 
inger  observed  a  compression  paralysis  of  the  spinal  cord  in  a  case  of 
mammary  carcinoma.  The  diagnosis  was  naturally  cancer  of  the  ver- 
tebrae, but  a  post-mortem  examination  disclosed  caries.  Carcinoma 
of  the  vertebrsB  is  of  coarse  an  absolutely  incurable  disease. 

The  case  becomes  much  more  difficult  in  the  absence  of  any  de- 
formity, and  when  a  paraplegia,  accompanied  by  more  or  less  violent 
pain,  gradually  occurs.  If  this  should  occur  in  a  young  person,  we 
must  be  obliged  to  consider  first  the  possibility  of  a  caries  of  the 
spine ;  this  supposition  becomes  nearly  positive  when  exacerbations 
of  fever  and  signs  of  tuberculosis  of  other  organs  are  present,  and 
especially  when  there  is  a  distinct,  circumscribed  tenderness  of  the 
spinal  column.  When,  however,  all  these  differential  points  are  ab- 
sent, the  diagnosis  between  caries  and  other  diseases  of  the  spinal 
cord  may  for  some  time,  and  occasionally  always,  remain  in  doubt. 
Thus  a  tumor  of  the  meninges  of  the  spinal  cord,  as  well  as  a  caries, 
might  lead  to  a  paralysis  with  violent  pain,  and  tenderness  of  the 
spine  might  at  the  same  time  be  present.  The  fact  that  in  these 
tumors,  in  typical  cases,  marked  and  for  a  long  time  isolated  root 
symptoms,  which  are  nearly  always  unilateral  at  the  beginning,  are 
the  first  signs,  and  that  cord  symptoms,  and  these  also  very  fre- 
quently unilateral  and  of  the  Brown-S&iuard  type,  follow,  may  serve 
for  a  differentiation;  pains  in  the  bones  are  usually  slight  and  are 
the  last  symptom  to  appear,  while  they  are  as  a  rule  the  first  symp- 
tom in  caries.  The  presence  of  a  tumor  would  prove  decisive.  A 
tumor  (not  a  cold  abscess)  of  the  spine  cannot  be  cured  without  an 
operation. 

Caries  of  the  cervical  portion  of  the  spine  is  with  difficulty  and 
frequently  not  at  all  to  be  distinguished  from  a  pachymeningitis  cer- 
vicalis  hyi)ertrophica,  at  least  in  those  cases  in  which  the  deformity 
is  absent.  Boot  and  cord  symptoms  may  be  identical  in  both 
cases,  so  also  may  be  the  course  and  duration  of  the  disease ;  recovery 
may  also  take  place  in  both  cases.  Pachymeningitis  cervicalis  hyper- 
trophica,  however,  is  a  very  rare  disease,  and  may  furthermore  follow 
a  pachymeningitis  interna  or  a  leptomeningitis  without  disease  of  the 
bone. 

Of  the  true  affections  of  the  spinal  cord  intramedullary  tumors  are 
the  most  important  as  regards  diagnosis.  In  these  cases,  however, 
the  pain  is  usually  at  first  slight,  and  bone  symptoms  may  be  absent 
altogether.  The  pain  is  slight  in  syringomyelia,  and  this  affection 
can  also  generally  be  distinguished  by  its  characteristic  group  of 
symptoms.  The  accompanying  bone  affection  and  kyphosis  will 
seldom  give  rise  to  a  confusion  with  caries,  although  the  writer  has 
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seen  this  error  made  in  one  case.     Mistaking  cariea  for  a  pfogromi^ 
Bpinal  muscular  atrophy  is  scarcely  possible. 

In  the  absence  of  any  indication  of  booe  disease,  and  in  ihe  preseoM 
of  slight  pain  oQly,  we  may  occasionally  be  unable  to  AToid  pi^^fng  m 
provisioBiil  diagnosis  of  cliroiiic  myelitis.  We  need  onlj  bear  in 
mind,  however,  that  most  of  the  cases  so  designated  are  rcially  cm 
of  compression  puralysis;  whether  they  are  caused  by  Oftlieft 
then  be  determined  by  other  coosi derations.  In  such  cMflt  a  poair 
tive  diagnosis  may  possibly  be  made  by  means  of  the  BoenlBM 
rays. 

In  nearastheoic  subjects,  pain  and  teuderness  to  praastire  in  lli# 
spinal  column  together  with  subjective  weakness  of  the  kyww  4 
ities  and  iucfeased  reflexes,  may  lead  us  in  the  beginnini?  to  i 
caries;  it  would  1^  more  unfortunate  if  the  reverse  happened  and 
caries  were  to  lie  mistaken  for  neurasthenia.  Oppenheim  gi?ee  as 
diagnostic  points  iu  such  cases  the  rigidity  of  the  spinal  column  and 
the  fact  that  iu  caries  the  arms  are  usually  not  affected,  t*  udoulil^ 
edly,  hysteria  may  also  simulate  caries  of  the  spine.  OocaaioiiaUj 
this  is  done  in  a  surpriftingly  realistic  manner.  The  writer  has 
a  girl,  thirteen  years  old,  who  had  deformity  in  the  region  of  the  ( 
vical  spine  accompanied  by  pain,  a  flac<*id  paralysis  of  the  right  j 
and  spastio  weakness  in  l>oth  legs,  which  c^ime  on  gradoally.  The 
tendon  reflexes,  however,  were  not  increased  in  the  lower  eztremitiaa, 
there  was  a  total  anraathe^sia  of  the  right  arm  within  the  bonndariea 
characteristic  of  hysteria,  and  the  paralyzed  arm  did  not  fall  as  lifo- 
loss  when  raised  and  then  dropj>od,  as  would  ha\^  tx^^n  the  eaae  ta 
one  organically  paralyssed.  A  cold  douche  and  a  single  appUcalioB 
of  elei*trieity  brouglit  about  a  cure  at  once.  This  i^tt^e  ftunialiaa  oa 
with  points  iu  the  differential  diagnoflis  between  hysteria  and  caiieai 
which  we  need  not  repeat  here.  Moreover  hysterical  ajmpioiBSi» 
especially  marked  ansBsthesia,  are  not  infrequently  oombixied  wttk 
tiioae  of  caries,  and  what  is  of  greater  im()ortance»  tliere  maj  oentr 
in  later  life  after  the  caries  has  healeil  and  more  or  leea  perlad  n^ 
covery  from  the  paralysis  has  taken  plaoe,  hysterical  nttarim  wlndi 
may  simulate  a  relapse  of  the  Pott*s  disease.  The  <liAgti#w«  |s  i 
of  couTHG  fre^iueutly  very  diffictilt. 

A  knowledge  of  the  exact  location  of  the  cord  lesion  is 
for  a  €om])leto  diagnosis,  for  we  should  not  be  content  with  tlia 
eral  one  of  ** caries  of  the  spine  and  paralysis."  This  is  of  < 
easy,  when  marke^l  bone  symptoms  are  present.  When  Ihess  am 
absent  the  regional  diagnosis  must  be  made  according  to  tiie  axleil 
and  grouping  of  the  symptoms,  and  our  knowledge  of  the  fQnetaon  of 
the  individual  segments.     The  segment  diagnosis  will  be  i 
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by  the  fact  that  many  foci  of  disease  are  rarely  present  in  caries  of 
the  spine. 

Prognosis. 

The  prognosis  of  Pott's  disease  is  always  grave,  dubia  ad  malum 
vergens.  Statistics  from  Billroth's  clinic,  quoted  by  Oppenheim, 
show  that  out  of  97  patients  suffering  from  caries  of  the  spine,  48,  or 
almost  one-half  the  number,  died,  22  were  cured,  and  11  were  dis- 
missed as  incurable.  Notwithstanding  this  we  must  agree  with  Gow- 
ers  when  he  says  that  we  do  not  meet  with  any  other  disease  of  the 
spinal  cord,  even  when  the  symptoms  are  most  severe  and  of  long 
duration,  in  which  improvement  or  even  recovery  so  frequently  ob- 
tains as  in  the  paralysis  which  accompanies  caries  of  the  spine. 
An  example  of  this  kind  has  been  given  above.  There  are  therefore 
only  very  few  cases  in  the  beginning  in  which  absolutely  no  hope 
of  improvement  may  be  entertained;  quite  as  rare,  however,  or  prac- 
tically absent  are  the  cases  in  which  we  may  with  certainty  hope  for 
a  cure  (Qowers). 

In  young  and  otherwise  healthy  individuals  the  prognosis  is,  of 
course,  better  than  in  old  x>ersons ;  a  cure  may,  however,  be  obtained 
even  in  the  latter  cases.  The  extent  of  the  bone  disease,  the  degree 
of  deformity,  and  the  rapid  or  slow  occurrence  of  paralysis  are  of 
little  significance  in  a  prognostic  sense;  only  when  paralysis  makes 
its  appearance  very  suddenly,  in  cases  of  dislocation  of  the  vertebrae, 
the  injury  to  the  cord  is  usually  a  severe  one. 

K  we  could  draw  any  conclusions  from  the  symptoms  as  to  the 
anatomical  condition  of  the  spinal  cord,  our  prognosis  would  be  more 
satisfactory,  as  we  may  look  for  recovery  in  cases  of  simple  compres- 
sion and  oedema,  even  when  the  paralysis  has  been  of  long  duration ;: 
but  this,  of  course,  would  be  impossible  after  the  occurrence  of  true 
softening.  Up  to  the  present  time,  however,  this  distinction  is  not 
possible.  Where  the  loss  of  function  in  a  segment  is  a  total  one,  the 
prognosis  is  not  so  good,  for  the  reason  that  in  the  presence  of  total 
ansesthesia,  decubitus  and  suppurative  cystitis  usually  make  their 
apx)earance  very  rapidly;  but  the  less  complete  the  interruption  is  in 
the  affected  region  of  the  cord,  the  less  is  sensation  interfered  with, 
and  the  less  marked  are  the  bladder  symptoms,  and  the  more  favor- 
able consequently  is  the  prognosis. 

As  regards  the  influence  of  the  seat  of  the  disease  upon  the  prog- 
nosis, it  may  be  said  that  caries  of  the  dorsal  vertebrae  is  the  most 
amenable  to  treatment.  When  the  cervical  or  lumbar  enlargement  is 
affected,  the  prognosis  is  not  so  good:  in  affection  of  the  cervical 
portion  of  the  cord,  notably  for  the  working  ability  of  the  individual 
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even  after  the  caries  is  cured;  Id  the  lumbar  region,  in  tbe  fifit  phm 
SB  to  life,  for  the  reaaon  that  in  this  sitimtiou  grave  pamlj  hxh  of  ib« 
bladder  often  caases  death,  and  then  as  to  earning  car>«rity,  Ike^^tiM 
the  incomplete  cure  of  the  flaccid  paralysis  of  the  lower  extn?niitiiflS 
induces  more  unfavorable  condltionfl  even  than  a  spastic  iiandirMk 
In  caries  of  the  upper  cen  ical  region  the  ])rol)able  involYeQiaot  of  the 
phreoie  nen^e  is  especially  dangerous,  aud  in  diseafls  aft  ^b»  n* 
treme  upper  part  the  nearness  of  the  medulla  oblongalm  is  a  gmi« 
danger* 

Early  and  long-contiDued  treatmeut  may  influenoa  the  pmnimm 
favorably.  The  prognosis  becomes  very  bad«  of  coarse,  in  affedknM 
of  the  vertebrte  and  the  spinal  cord  when  tabenmlosis  appeftm  in 
other  partH,  as  the  luDgs  or  the  joints,  and  eepeeialljr  Qpon  tho  oectir* 
reuce  of  miliary  tuberculosis  or  of  amyloid  degwantioii  of  the  ab- 
dominal lymphatics. 

Tbeatmejjt. 

The  treatment  of  spinal  caries  and  of  the  cord  leaioiifl  i 
ing  it  is  always  diHicult  and  generally  of  long  duration,  hot  i 
ally  is  a  very  grateful  task.  When  called  to  em  n  €mm  d  e|iinAl 
cAnes,  oor  first  endeavor  must  be,  of  course,  to  prevfmt  an  inTolir^ 
ment  of  the  spiual  cord  itself.  It  would  of  course  be  stiU  better  if 
we  were  able  also  to  arrest  the  tuberculous  disease  of  the 
this,  however,  in  face  of  the  enormous  distributirin  of  the 
Ions  processes  in  the  bones,  aspeeially  in  eliildhcKKl,  will  profaifal]r 
remain  a  pious  wish  for  a  long  time  to  coma.  It  is,  hf>ireiner« 
feasible  to  institute  treatment  at  once  and  continue  it  fiir  a  loog 
time  in  all  cases  of  spinal  symiitoms  ocHi^urriug  in  children*  TUa 
treatment  woidd  not  essentially  differ  from  that  which  is  to  bd  m^ 
ployed  after  a  marked  deformity  of  the  spinal  oolomn  anil  a  didltast 
characteristic  lesion  of  the  spinal  cord  ha%^  already  appeared.  We 
firmly  believe  that  by  such  prophylactic  treatment  we  could  pnrrent  a 
large  proportion  of  the  cases  of  Pott's  paraplegia.  UnfortanaMy 
this  will  in  most  cases  be  impossible  because  of  the  diAcfoltx  ol  Iha 
diagnosis  during  the  early  stages  of  the  diseaae^  and  the  neoiOfMiih- 
ologist  esj>ecially  is  cousalted  hy  these  patients^  as  a  rule,  only  mbm 
the  spinal-cord  lesion  is  already  pretty  far  advanced* 

In  these  cases  his  first  duty  is  to  enforce  absolute  and  Iod^h 
tinned  rest  to  lied.     This  muHt  l)e  continued  in  certain  caeea  ior  i 
months,  and  we  can  recall  eases  in  w  hich  this  waa  continqed  mwmk  lor 
years  with  very  favorable  results  finally.     Wien  the  seat  of  the  cmm 
aa  in  the  lumbar  or  dorsal  spine,  the  patient  is  best  [ilaotd  on  a  pm^ 
iKStly  flat  hoi\,  without  any  bolster  under  the  hea<l;   in  carieaof  11m 
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oervioal  spine,  a  flat,  graduallj  rising  firmly  upholstered  pillow  of 
horse  hair  may  be  employed. 

We  should  from  the  beginning  be  careful  in  arranging  the  bed,  to 
ayoid  if  possible  the  occurrence  of  bedsores.  For  this  purpose  we 
may  use,  in  addition  to  a  firm  but  elastic  horse-hair  mattress,  a  large 
water  pillow  on  which  the  patient's  sacrum  rests.  The  heels,  which 
are  also  in  danger  of  bedsores,  should  rest  on  small  rings  of  some 
soft  material.  The  frequent  changing  of  the  patient  from  one  side  to 
the  other,  which  is  usually  resorted  to  for  the  prevention  of  bedsores, 
is  of  course  not  feasible  in  the  case  of  caries  of  the  spine.  It  is  very 
agreeable  to  the  patient  to  be  changed  to  a  fresh  and  clean  bed  at 
night.  Next  to  a  well-made  bed  the  most  scrupulous  cleanliness  will 
do  the  most  in  avoiding  the  decubitus.  Drenching  of  the  bed  with 
urine  or  soiling  it  with  f seces  must  be  avoided ;  and  should  such  an 
accident  hapx)en,  the  child's  body  must  be  thoroughly  cleaned  at 
once,  and  the  soiled  bed-clothes  must  be  removed.  It  is  well  to  lay 
a  rubber  cloth  over  the  water-pillow,  over  this  a  clean  sheet,  so  as  to 
avoid  the  possibility  of  soaking  the  mattress  with  the  discharges. 
Sponging  of  the  sacral  region  with  alcoholic  lotions  is  a  favorite  pop- 
ular method  for  the  prevention  of  decubitus,  and  there  is  no  objection 
to  this  if  cleanliness  is  also  practised. 

In  many  cases  simple  rest  in  bed  is  sufficient  to  place  the  disease 
process  in  the  spinal  cord  under  the  most  favorable  conditions  for  a 
cure.  If  the  deformity  is  pronounced,  and  especially  if  the  pain 
caused  by  the  dislocation  of  the  bones  and  by  the  compression  of  the 
roots  of  the  spinal  cord  is  very  severe,  we  may,  besides  the  simple 
flat  position,  also  try  extension  of  the  spinal  column.  This  may  be 
accomplished  in  the  best  manner,  in  the  case  of  cervical  caries,  by 
the  application  under  the  chin  of  a  sling,  the  bed  being  lowered  at 
the  foot  in  order  to  obtain  counter-extension  by  the  weight  of  the 
body ;  or  we  may  attach  a  weight  to  the  lower  extremities.  This  ex- 
tension acts  particularly  well  in  cases  in  which  severe  pain  from  com- 
pression of  the  nerve  roots  is  present,  as  in  tuberculosis  of  the  upper 
cervical  vertebrae.  Corsets  of  felt  or  plaster-of-Paris  are  best  avoided, 
as  being  unnecessary. 

It  is  of  course  important  to  keep  the  general  health  up  to  the 
highest  point.  For  this  purpose  we  must  supply  good,  fresh  air. 
When  the  circumstances  of  the  patient  permit,  we  should  make  use 
of  two  sick-rooms,  which  may  be  alternately  used,  perhaps  one  dur- 
ing the  day,  the  other  during  the  night.  Tlie  patient  may  also  be 
taken  into  the  fresh  air  in  a  well-made  ambulatory.  The  food  should 
be  simple  but  nourishing.  Cod-liver  oil  is  especially  to  be  recom- 
mended.    Of  medicines  proper,  preparations  of  the  iodide  of  iron  are 
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of  the  greatest  boDefit.  Denvatives,  which  formerly  wets  ao  graaUj 
praised,  partieolarly  the  more  energetic  oDes,  Buch  as  tha  aetaftl  cau- 
tery and  iBBues,  are  best  forgotteD.  hx  caries  of  the  oerrieal  voiielmBy 
however,  we  may  still  make  occasional  use  of  the  horae-hair  tflmt. 
But  aU  Buch  meaatireB  are  weakeniDg  and  are  liahle  to  depnuw  the 
patient  and  increase  the  danger  of  decubitus.  Other  tnbefculaias 
afifections,  iu  case  they  should  appear,  are  to  bo  treated  sftumhtm 
ariern. 

By  perseverance  in  the  methml  alx>ve  descrilxnl,  which  nmy  mod 
should  be  varied  in  its  details  according  to  each  case,  we  ahall  ofieii 
exi»erienoe  the  satisfaction  coming  from  a  perfect  cure  of  the  heme 
and  cord  affection.  In  mtmy  cases  the  grave  comiiUcatioiia  of  decQ* 
bitus  and  of  cystitis  will  not  api>ear  at  all,  the  affection  of  the  card 
confining  itself  to  a  8pa8tic  paraparesis^  Should  these  comptiralinni 
occur,  however,  they  are  to  be  treated  according  to  the  general  sidaa 
of  Burgery.  A  cur©  may  quite  frequently  be  obtained  even  in  ctmm 
of  nearly  complete  paralysis,  extensive  decubitus,  and  groat  defomiitj 
of  the  spinal  column,  by  proper  careful  nursing  and  atfteotioD  to  tiia 
nutrition  of  the  patient.  This  is^  however,  not  always  tha  i 
and  unfortunately  in  one-half  of  the  cases  death  takes  |Jaoe  from  < 
cubitus  and  cystitis,  or  with  esi>ecial  fre(iuency  from  other  tnlx^rcnliiaa 
affections,  or  rarely  from  the  disease  of  the  cord  itself.  For  tbe  fur- 
ther treatment  of  these  cases  special  directions  cannot  be  given.  Fre- 
quently we  must  be  content  to  moderate  the  patient's  iiain  by  the 
heroic  employment  of  narcotic  remedies.  The  demandii  of  mining  in 
these  cases  are,  as  may  readily  be  seen  from  the  above,  qnlle  impart 
ative,  and  it  is  rare  that  these  can  l>e  met  iu  [irivate  practice,  so  that 
usually  a  removal  of  the  patient  to  a  well-managed  hospital  ia  indi- 
oated.  For  a  time  direct  surgical  intervention  in  the  treatment  of 
Pott's  paraplegia  wan  regardetl  with  great  favor,  but  the 
of  late  years  has  taught  us  that  our  ho|)ea  in  tiiis  dire«tioQ 
greatly  exaggerated,  and  that  an  oiteratiou  is  rarely  of  any  bene- 
fit, if  indeed  a  fatal  result  is  not  hastened  by  it.  It  in  very  dilB* 
cult  to  decide  when  to  operate  in  these  cases;  indeed  it  la  only  in 
cases  accomf>anie<l  liy  marked  and  rapidly  increajsing  reepiratory  dia- 
turbances  that  the  indication  is  wholly  in  favor  of  an  operation,  whieli 
is  the  sole  means  of  rescue  here.  It  is  certain  that  we  caanol  < 
a  cure  through  ojierative  interference  in  a  great  number  at  ( 
ing  possible  comiilications  altogether  aside.  The  moat  freqneol 
of  the  lesion  in  the  bodies  of  the  vertebne  renders  the  acoeaa  lo  Um 
diseased  region  very  difficult.  The  case  is  of  course  hopeleaa,  and 
an  operation  would  only  make  the  condition  wor»e,  if,  as  I 
happens,  a  number  of  vertebne  are  destroyed.     In  casefi  of  acnte  i 
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pression  of  the  cord  an  operation  is  contraindicated  unless  we  have 
to  deal  with  the  rare  condition  of  the  presence  of  a  loose  sequestrum. 
The  oi)eratiYe  treatment  of  those  truly  rare  cases  in  which  the  tuber- 
culous affection  has  passed  through  the  pia  mater  to  the  cord  does 
not  offer  any  chance  whatever,  and  Chipault  advised  that  the  dura 
should  never  be  opened  in  caries  of  the  spine,  for  the  reason  that  any 
subdural  processes  which  may  be  present  cannot  in  any  event  be  re- 
moved, and  the  danger  of  the  operation  is  materially  increased. 

We  know,  however,  much  better  and  with  greater  certainty  when 
an  oi)eration  is  not  indicated  than  when  an  operation  may  be  at- 
tempted. The  first  cases  are  in  the  great  majority,  those  of  the  sec- 
ond category  are  few.  We  follow  here  the  statements  of  Chipault, 
which  are  based  on  a  ripe  i>ersonal  exi)erienee  and  on  a  thorough 
study  of  the  literature. 

The  ox>eration  is  contraindicated:  1.  When  a  large  number  of  the 
vertebral  bodies  are  involved,  and  esi)ecially  when  the  arches  are  also 
attacked.  A  full  removal  of  all  diseased  portions  would  in  this  case 
be  impossible  without  so  injuring  the  spinal  column  that  it  would 
never  be  x)ossible  for  the  patient  either  to  walk  or  to  stand.  2.  When 
other  organs  are  also  affected  by  tuberculosis,  especially  in  pulmonary 
phthisis.  We  must  consider  here  that  a  monolocular  invasion  of  the 
body  by  tuberculosis  is  a  rare  occurrence.  3.  When  the  cord  itself 
is  directly  affected  by  the  tuberculosis. 

The  operation  is  indicated:  1.  In  cases  in  which  the  disease  of 
the  bones  is  confined  to  the  arches,  and  in  which  this  disease  con- 
dition is  emphasized  by  the  appearance  possibly  of  an  abscess  on  or 
at  the  side  of  the  spinous  processes.  When  such  a  circumscribed 
.  posterior  disease  has  led  to  disturbance  of  the  functions  of  the  cord, 
its  removal  by  operation  will  naturally  exert  a  very  favorable  influ- 
ence. 2.  When  the  compression  of  the  cord  is  caused  by  a  cold  ab- 
scess which  is  connected  with  another  lying  outside  of  the  spinal 
column.  The  operation  in  these  extraordinarily  favorable  cases  con- 
sists only  in  incising  the  external  abscess,  and  perhaps  also  in  remov- 
ing the  diseased  portion  of  bone.  3.  There  are  cases  met  with  in 
dorsal  compression  of  the  cord  in  which  the  paralysis  is  a  flaccid  one 
from  the  outset  (Babinski).  It  seems  as  if  the  fungosities  in  these 
cases  only  produced  a  simple  compression  of  the  cord  and  that  they 
are  in  themselves  usually  of  little  moment.  We  might  therefore 
advise  an  operation  in  cases  of  tuberculosis  of  the  dorsal  region  of 
the  spinal  column  when  a  flaccid  paralysis  has  been  present  from 
the  beginning.  Chipault  has  operated  successfully  in  such  a  case. 
4.  There  are  cases  of  tuberculosis  of  the  spine  in  which  the  bone  affec- 
tion ha0  healed  and  the  fungoid  masses  have  become  cicatrized,  but 
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in  which  the  cicatrices  still  exert  pressure  ou  the  cord.     Thcfl^ 

are  of  course  very  favorable  for  ot^teration.     MaceweD,  howsw^  ii  Ibi 

only  one  who  has  met  with  such  cases  up  to  the  present  time* 

After  the  patient  has  entered  into  convalescence  it  will  be  pMftie^ 
larly  necessary  to  strengthen  his  general  condition  and  to  aTQiil  m 
return  of  tlie  bone  affection.  Besides  good  noising  the  indif  tiiHi 
here  is  removal  to  some  suitable  health  resort^  espeoieUjr  to  one  Ijriitg 
at  a  considerable  elevation.  Mineral  waters  mBj  be  d  sertiee^  eefi^ 
cially  thoee  containing  iodine. 


Arthritie  Deformans, 

Arthritis  defornian.'^  of  the  spine  is  a  Yery  rare  difeiie  of  cdd 
middle  age.  It  consists  in  an  ossification  of  the  iutarrertobiml 
tilages,  an  anicylosiH  of  the  vertebral  articulations,  and  exofitoaea  aad 
granulations  on  the  transverse  processes  which  not  iufreqtieiitljr  Uad 
these  together,  and  induration  of  tlje  spinous  prooeeeee.  Tbe  fuH 
gosities  and  oxci^seences  of  the  Inmes  may  leail  to  marked  indtteiiiaQ 
of  the  wholB  involvtxl  region  of  the  spine  which  may  plainly  be  fdi 
and  seen.  Much  more  rarely  liony  exostoses  project  into  the  iqiiottl 
canaL  In  certain  cases  a  niarkcHl  thickening  of  the  odontoid  proceM 
has  been  obsened.  As  a  result  of  all  these  changes  there  mmy  bmOf 
occur  a  rigitl  ankylosis  of  the  spine.  Occasionally  this  prooeM  iiH 
Tolves  the  whole  spine,  usually  however  only  a  portion  ol  it,  aad  Umi 
cervical  spine  seems  Uj  be  the  jmrt  most  frecjuently  involved  in  the 
disease  process.  As  a  rule  other  portions  will  also  probeUT  he  in- 
volvpd  in  the  arthritis  deformans,  but  sometimes  the  dieettiie  m  limited 
in  its  ext*^nt 

The  sijmpkmvi  are  dependent  on  the  diseased  spine  iteelf.  Faijf 
and  stiffness  are  ctimplaiued  of,  the  head  in  arthritis  of  ttie  epbiel 
veriebrie  is  carried  i^erfectly  rigid,  since  all  po»gible  mofWMQli  10- 
crease  the  pain.  Secondly,  root  symptoms  may  make  tbeir  appMi^ 
ance,  the  roots  being  compressed  in  the  contracted  and 
intervertebral  sfjaces. 

Usually  we  have  to  deal  only  with  an  irritation  of  the 
rc^ts  which  is  expressed  in  violent  fulgurant  and  tearinii  ymsu 
one  case  of  arthritis  of  the  upper  cervical  spine  under  mj  aire, 
first  symjjtom  noticed  was  a  unilateral,  very  intractable  hefpM 
in  tbe  region  of  the  four  upper  cerrical  nerves,  and  for  a  loog 
ftftenrards  the  skin  area  of  the  cervic4il  plexus  could  he  beimiifiillT 
traced  in  the  deep  oioatrioes  left  behind.     Le«s  fn^iuentlv  we  find 
marked  symt>t^)ms  of  involvement  of  the  motor  rcx>ts,  altboagli  pare- 
sis  and  atrophy  may  appear  in  the  areas  of  the  nerve  roots 


t*«.       mm. 


L 


TUM0B8  OF  THE  SPINAL  COBD.  619 

0pX)eiili6im  draws  attention  to  the  fact  that  it  is  necessary  to  have 
a  care  not  to  confonnd  this  with  arthrogenic  atrophies,  for  example, 
of  the  interossei  in  arthritis  of  the  articulations  of  the  fingers;  in  one 
of  his  cases  the  demonstration  of  the  reaction  of  degeneration  made 
clear  the  dei)endence  of  the  atrophy  on  the  root  lesion.  Symptoms 
on  the  -pait  of  the  spine  are  certainly  most  rare.  Should  they  be 
present  we  are  probably  dealing  with  the  usual  sequences  of  a  slow 
compression  of  the  cord.  In  a  differential  sense  the  affections  of  the 
TertebrsB  occurring  in  tabes  and  syringomyelia  are  differentiated  by 
the  slight  space  occupied  by  the  deformities,  and  by  the  symptoms 
of  the  nervous  disease  which  is  at  the  bottom.  In  the  beginning  we 
may  sometimes  suspect  a  sarcoma  or  carcinoma  of  the  spine;  here 
we  must  take  into  consideration  the  course  and  the  kind  and  extent  of 
the  bone  deformity,  which  are  quite  different  in  the  two  diseases. 
Lesions  of  the  spinal  cord  may  also  be  absent  in  these  tumors  of  the 
spine. 

The  prognosis,  as  regards  life,  is  always  favorable,  since  the  spinal 
cord  is  hardly  ever  injured.  Frequently  improvement  may  be  ob- 
tained, but  the  pain  may  sometimes  resist  all  treatment. 

The  treatment  at  spas,  such  as  Nauheim  or  Wildbad,  or  with 
sulphur  waters,  is  often  beneficial.  Sulphur  baths  may  also  be  pre- 
pared at  home.  Besides  these  massage  and  mild  local  galvanization 
should  also  be  employed;  as  a  derivative  measure  painting  with 
iodine  is  useful. 

Lateral  Curvature. 

During  the  second  half  of  life  we  occasionally  meet  with  lateral 
curvature  of  the  spine  which  may  gradually  become  very  great,  and 
the  nature  of  which  is  but  little  understood.  Affections  of  the  spinal 
cord  are  never  induced  thereby,  although  compression  of  the  roots 
may  occasionally  take  place,  which  makes  its  presence  felt  with  esx)e- 
cial  frequency  as  intercostal  neuralgia. 

TUMORS  OF  THE  SPINAL  COED. 

Although  neoplasms  in  and  upon  the  spinal  cord  have  excited  the 
interest  of  clinicians  and  pathological  anatomists  since  the  beginning 
of  the  time  when  a  true  pathology  of  the  nervous  system  can  be  said 
to  have  existed,  yet  this  interest— we  mention  only  such  names  as 
Hasse,  Lebert,  Cruveilhier,  and  Virchow — was  until  recently  either 
purely  anatomical  or  at  most  physiological.  Even  with  reference  to 
diagnosis,  owing  to  the  great  difficulty  of  recognizing  a  tumor  of  the 
cord,  the  subject  failed  to  prove  attractive.     Leyden,  in  1873,  was 
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probabl  J  the  first  who  in  a  case  of  tumor  of  the  spinal 
a  correct  diagnosis,  ami  in  thiH  case  be  iilso  considered  lbi»  pcMfiibtlilgf 
of  ail  o|>6ratiou,  but  he  shrank  from  its  dangers.  In  the  same  ratiiier 
theoretical  manner  the  oi)eration  was  advised,  i>rovided  tho  diagncsii 
was  positive,  by  Erb  in  1878  in  the  second  edition  of  if^irmwirm'ii 
'^Handbiieb  der  sfieciwllen  Pathologie  iind  Thcrapie,"  and  nioeh  Utar 
(1886)  by  Gowers.  But  not  until  1887,  when  Goweni  and  Hofslej 
succeeded  in  extirpating  with  permanent  good  resultB  m  OOCTOet^y 
diagnosed  tumor  of  the  Hpiiial  meninges,  was  the  road  from  thaorj 
to  practice  cleared  even  in  this  difficult  field,  and  then  farther 
cesses  followed  each  other  rapidly.  For  this  brilliant  reoult 
proved  that  in  this  hitherto  hojieless  affectiou  there  waft  a  iximbilily 
of  surgical  relief  and  even  a  jirogpect  of  conifilete  recovery,  mai 
conseciuantly  tumors  of  the  spinal  cord  and  their  diaipioaifl,  in 
spite  of  their  rarity,  I)egan  to  be  of  interest  to  everj  medical  prae^ 
titiooer.  Gowers  and  Horsley,  by  the  accurate  report  of  tbeir  caaa 
and  the  operation,  and  by  a  review  of  other  casee  of  sptoal  te> 
mor  in  the  literature,  had  pointed  out  the  facta  which  abrnv  all 
others  still  re*juired  careful  study  to  permit  future  o^t^mtioiia  of 
Mpioal  tumors  at  the  earliest  i)ossible  peri^nl  and  with  a  Mttetaly 
that  was  sure  to  \m  attained.  The  recpiirementa  w^ere,  aaide  from 
the  general  diagn<isia  of  a  tumor^  t>articularlj  a  thorough  im 
tion  of  the  functions  of  the  several  spinal  segments  and  of  tba 
springing  froni  them,  and  further  a  determination  in  tba 
possible  numl>er  of  separate  cases  of  the  relations  of 
and  roots  to  the  vertebral  boilies  and  their  prooeaaea, 
the  individual  variations  frei^uently  met  with  in  theae  regii 
short,  it  was  necessary  to  render  the  segmental  diagnosia  of  a 
positive,  so  that  the  surgeon  could  be  instructed  exactly  wliidi 
bral  arches  must  he  trephined  to  reach  the  tumor  in  a  eoftcrola 
In  all  these  imrticulars  we  have  made  great  progress  in  Tf*<5ent  yi 
Clinicians,  physiologists,  and  anat43mists,  spurred  by  th«  practical 
necessity,  have  vied  mth  each  other  to  make  the  results  in 
details  ever  more  accurate.  Prominent  workers  in  tbia  field 
Boss,  Shemngton,  Head,  Reid,  Patterson,  Mackenzie, 
Starr,  Bruns,  and  others.  To*tlay  the  diagnoaia  of  tho  laml  of  a 
tumor  of  the  spinal  meninges,  unless  the  condition  aro  too 
able,  has  reached  a  degree  of  [>erfectiou  which  had  not  baen 
of  a  few  years  ago.  Of  course  the  practical  results  hanaoniae  w«U 
with  these  more  scientific  acquirements;  there  is  alraady  qittta  a 
numljer  of  spinal  tumors  which  have  been  sncHTessfully  opcimtod  vpcMi, 
of  which  not  a  few  have  l^een  cured  or  greatly  impro^,  and  lliaai 
in  particular  have  of  oonrae  again  largely  enriched  our  pliyaich 
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logical  knowledge  of  the  spinal  cord  and  have  added  to  the  anatom- 
icox>athological  facts  relative  to  tumors  of  the  cord. 

In  this  section  we  shall  discuss  along  with  the  true  tumors  of  the 
spinal  cord,  which  include  those  of  the  meninges  and  those  of  the 
Babstance  of  the  cord,  others  which  spring  from  the  vertebral  column 
with  its  ligamentous  apparatus  or  the  vicinity  and  implicate  the  cord 
only  in  their  later  development.  While  these  two  varieties  of  tumor 
differ  in  their  nature,  prognosis,  and  treatment,  and  generally  also, 
excepting  the  terminal  stages,  in  their  symptomatology,  it  appears 
best  from  a  practical  standpoint  to  treat  of  them  in  the  same  section, 
though  in  separate  subdivisions. 

We  distinguish  therefore : 
L  Tumors  springing  from  the  envelox)es  of  the  cord  and  involving  the 

latter  secondarily. 

(a)  Tumors  of  the  vertebral  column  and  of  the  soft  parts  in  its 

vicinity — vertebral  tumors. 

(b)  Tumors  of  the  meninges — intravertebral  tumors. 

1.  Tumors  springing  from  the  external  surface  of  the  dura, 
from  the  periosteum  of  the  inner  surface  of  the  vertebral  col- 
umn, or  from  the  extradural  adipose  tissue — extradural  tu- 
mors. 

2.  Tumors  springing  from  the  internal  surface  of  the  dura,  from 
the  arachnoid,  from  the  ligamentum  denticulatum,  and  from 
the  pia — intradural  tumors. 

n.  Tumors  developing  in  the  cord  proper — intramedullary  tumors. 

Between  I.  (b)  and  11.  should  be  intercalated  as  transitional  forms 
those  tumors  which  are  at  first  confined  to  the  envelopes,  usually  the 
exterior  surface  of  the  pia,  but  after  perforating  the  latter  infiltrate 
the  cord  itself  and  destroy  it.  The  most  important  practically  and 
especially  therapeutically,  as  well  as  the  most  frequent  among  the 
tumors  of  the  cord  proper,  are  those  of  the  meninges. 

We  shall  exclude  from  the  consideration  in  this  section  intra- 
medullary glioma,  inasmuch  as  it  does  not  cause  symptoms  of  tumor 
but  presents  the  well-known  picture  of  syringomyelia.  In  like 
manner  syphilis  of  the  cord,  its  meninges,  and  the  vertebrse  will  be 
discussed,  for  purely  practical  reasons,  in  a  separate  section.  While 
true  gummata  of  the  bones,  meninges,  and  cord,  which  are  very  rare, 
do  not  differ  essentially  in  their  clinical  course — aside  from  the  usu- 
ally associated  cephalic  complications — from  other  tumors  at  these 
points,  they  do  so  practically  with  reference  to  treatment  and  espe- 
cially to  prognosis.  Indurated  tuberculous  deposits  between  the 
dura  and  the  vertebrae,  which  often  produce  the  effect  of  a  complicat'- 
ing  tumor,  in  view  of  their  intimate  relation  to  caries  of  the  spine 


622 


BKUN8   AND   WmDSCHEID" DISEASES  OP  THE  BPIKAL  COfiD. 


will  he  found  iiiider  that  bead;  but  the  rare  solitarv  tubercles  of  tbttj 
cord  will  be  diacuHsed  here. 


Tumors  of  the  j^pinal  Columzi. 
Pathological  Anatomy. 

The  so-called  vertebral  tumors  may  spring  from  the  botieB  ai  1 
spine  or  from  the  surrounding  tissues.     In  the  latter  case  they  impU« 
cate  the  spimd  column  only  secoudarily.     Of  these  forms  of  tttmarl 
two  are  of  speidal  importance.     Firsts  sarcomata  which  mmjr  stttrt^] 
for  instance,  from  the  muscles  of  the  s  pi  mil  column  or  trom  ttio 
vertebral  lymphatic   glands  and   thence  very  gradtuiUy  inTade 
vertebral  canal  either  after  destroying  the  bones  or  through  Ihe  inl 
vertebral  foramina.     Their  sites  of  prcdilectioii  are  the  lower  par*] 
tions  of  the  spinal  column,  particularly  the  sacrum^  where  they 
rarely  cause,  in  additioo  to  the  }>ains  due  to  the  erosiou  of  the  I 
compression  of  the  ]>elvic  viscera  and,  through  leaiou  of  the  iiacral| 
l>IexuH,  {lains  in  the  sciatic  nerve  and  atrophic  jiaralyaea  iu  the  distri- 
bution  of  the  sacral  nerve-s.     Later  on,  after  perforation  of  thu  ^ 
they  may  also  involve  the  cauda  ecjuina  directly.     On  rectal  ea 
ination  these  tumors  can  often  \m  recognized  early. 

The  second  form  is  aneurysm  of  the  aorta,  which  perha|m  cmnufil 
Im*  properly  includetl  among  the  tumom  but  nmy  pnxluce  syi 
very  simUar  to  those  due   to   neoplasms   of  the  vertebral  oolnaui.^ 
Wliile  very  uncommon  in  tlie  case  of  abdominal  aneurysm,  it  in  mc 
frequent  to  find  a  thoracic  aneurysm  extending  esi>ecially  poatericiriT^ 
and  medially,  eroding  a  vertebra,  and  finally  compressing  the 
directly,  after  having  caused  violent  [mins  by  irritation  of  the 
terior  roots  at  their  points  of  emergence  through  the  bonft, 
symptoms  of  aneurysm  of  the  thoracic  aorta  would  Ije  at  fiml  vie 
pains  in  the  back,  especially   with   movement,  such  a*  in  eoQ|^ 
ing  or  sneezing,  but  also   after   prolonged   recumbency   at   m|Efat;j 
these  pains  are  moreover  markedly  ino'eased  by  mo?enirate  whirh 
raise  the  blotxl  pressure.     Then  there  is  a  very  prononniaod  rigidity 
of  the  back.     Suljeefjuently  there  will  be  in  addition  severe  buieinnl-^ 
ing  intercostal  girdle  pains  due  to  the  pressure  of  the  aneurysm  upon 
the  posterior  roots*     Finally  sx>astic  j^tardysia  of  the  lags  and  vMJal 
and  sensory  disturbances  follow.     Death  is  almoat  in?nriably  doe  ki.J 
rupture  of  the  aneurysm,  and  the  hemorrhage  may  tli«n  take  plaot] 
into  the  spinal  canal.     The  diagnosis  is  poimible  after  that  of  ^tm] 
aneurvjim  has  Ijeen  made.     Moreover,  aneurysms  of  the 
aorta,  even  without  lesion  of  the  spinal  column,  may  canae  the  i 
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Tiolent  girdle  pains  by  direct  pressure  upon  the  intercostal  nerves ; 
not  rarely  these  intercostal  neuralgiie  are  for  a  long  time  the  only 
symptom  of  the  aneurysm. 

Of  the  true  tumors  of  the  vertebral  bones  the  following  come 
under  observation:  carcinoma,  sarcoma  or  osteosarcoma,  myxoma, 
exostosis,  especially  multiple  exostosis,  and  finally  echinococcus. 

Vertebral  carcinoma  is  said  to  occur  primarily,  though  in  very 
rare  cases ;  in  the  greatest  majority  of  cases,  however,  it  is  of  metas- 
tatic origin.  Probably  it  is  most  frequent  after  cancer  of  the  breast, 
more  rarely  after  cancer  of  the  stomach  or  of  the  uterus.  Owing 
to  this  primary  seat  of  the  tumor,  vertebral  carcinoma  is  decidedly 
more  frequent  in  women  than  in  men.  Its  most  frequent  location  is 
the  middle  portion  of  the  dorsal  spine,  more  rarely  the  upper  lum- 
bar or  the  lower  cervical  vertebrae  are  affected.  The  tumor,  moreover, 
even  when  the  symptoms  point  to  a  circumscribed  location,  often  in- 
volves a  large  number  of  the  vertebrae;  in  one  of  the  writer's  cases 
marked  by  pains  in  the  distribution  of  the  lower  dorsal  roots,  all  of 
the  vertebrae  from  the  first  cervical  to  the  sacrum  were  infiltrated  with 
cancer  and  only  a  very  thin  shell  of  bone  was  left.  In  most  cases  the 
primary  seat  of  the  carcinoma  is  in  the  vertebral  bodies ;  more  rarely  it 
springs  from  the  lateral  portions,  narrows  the  intervertebral  foramina, 
and  compresses  the  nerve  roots.  In  quite  exceptional  cases  it  involves 
also  the  spinous  processes,  so  that  the  tumors  may  be  recognized 
by  their  thickening  and  deformity.  When  one  or  more  vertebral 
bodies  are  completely  destroyed,  they  may  fall  together;  occasion- 
ally this  may  result  in  a  gibbus,  more  frequently  in  a  crowding 
together  of  the  vertebrae,  leading  to  a  shortening  of  the  spine  and 
hence  of  the  individual.  With  such  extensive  destruction  as  above 
described  we  can  only  marvel  that  an  erect  posture  is  at  all  possible. 
As  a  rule,  in  vertebral  carcinoma  the  cord  proi)er  is  long  spared, 
even  when  shortening  of  the  spine  occurs  it  often  remains  uninjured ; 
a  sudden  gibbus  formation,  however,  is  more  likely  to  cause  immediate 
compression,  but  frequently  lesions  of  the  nerve  roots  alone  exist. 
Not  rarely  the  extradural  adipose  tissue  ultimately  undergoes  car- 
cinomatous infiltration;  in  that  event  the  cancer  may  surround  the 
cord  for  long  distances  in  the  form  of  a  complete  or  half  cylinder,  the 
dura  being  but  rarely  penetrated. 

Sarcoma  and  osteosarcoma  of  the  vertebral  column  probably  spring 
in  most  cases  from  the  i)eriosteum.  They  differ  from  carcinoma  in 
being  even  more  malignant;  they  grow  more  rapidly  and  oftener  cause 
considerable  deformities  and  gibbosities,  which  usually  disintegrate 
rapidly. 

Exostoses — according  to  Marchand  these  are  generally   the  so- 
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called  periosteal  exostoses— are  nearly  always  multiple  aod  ooeitr  cm 
the  vertebral  culimiD  as  they  do  on  other  parte  of  the  body,  a^p^eialljF 

the  nkulL     They  penetrate  into  the  spinal  canal  from  the 
surface  of  the  vertebral  bodies  or  from  their  arches  and  oomprMS  i 
cord  directly. 

It  is  still  an  open  question  whether  echinococ<n  ocetir  jm  pnmft]7~ 
tninors  of  the  vertebrje;  acconUng  to  some  atithurs  their  first 
is  always  in  the  spinal  muscles  from  which  they  inrade  the  booei 

Etiology. 

As  we  have  seen,  in  the  causation  of  the  most  frequent  uiinor  i 
the  vertebral  column,  Le.,  c^ireinoma^  metastasis  cx>mefl  almost  exclo- 
sively  under  consideration ;  regarding  the  tumors  developin^j^  |iriraAr* 
ily  in  the  vertebral  Iwnes  we  have  aa  little  definite  iufonni 
X>ossess  about  the  origin  of  tumorn  in  general.  At  nuMi  m  pff 
traumatism  may  be  a  possible  factor. 


SYMrroMs. 

—  A  vertebral  tumor  involves  in  the  first  place  the  sjuniii  c<ilnmii, 
^Ifcondly  the  8i»iDal  roots,  thirdly  and  lastly  the  cord.  The  nmylm 
may  be  simply  compressed  or  may  be  intiltrated  by  tlie  lomor;  ac- 
cording  Ut  Gowers,  an  inflammation  (?)  of  the  roots  is  ako  mid  to 
occur.  The  cord»  when  it  is  at  all  involved,  may  be  simpljr  eom- 
pressed  but  I>t>  intact  in  its  etmcture;  more  often  it  is  aoflsaed  ift 
can^inoma,  frequently  for  considerable  distances,  in  which  esse  it  is 
doubtful  whether  thi^  softening  is  due  to  the  compreiision  alone,  or  to 
ischieniic  softening,  or  to  intlammatitm,  or  ix>saibly  to  csaoer  toiins. 
Direct  penetration  of  tlie  tumor  into  the  cord  after  destmotioii  of  tlm 
dura  and  pia  is  of  rare  occurrence,  as  stated  abovev  Affar 
mainly  anatomical  explanations  we  can  really  consbuct  forooisdv 
a  priori  the  symptoumtology  of  a  vertebral  tumor.  Id  ^iiimi 
symptoms  will  follow  each  other  in  the  order  given — booe^  took,  sud 
cord — hence  exjictly  as  in  caries  <jf  the  spine  from  which  m  tiimf>r 
of  the  vertebral  column  is  at  best  differentiated  with  difficolty* 

fiont  Symphmis.—The  symptoms  presented  frtnu  the  side  of  the 
▼ertebrffi  consist  of  more  or  less  violent  pain  at  definite  paints  oq  the 
back,  which  may  become  unbearable  with  every  motiontSSpei 
sudden  concussions  as  daring  sneezing  and  c« )Ugliing.  In  mostf 
cases  wo  shdl  also  discover  corresponding  sensitiveness  oa  praMHife  or 
percii8S]on  of  the  s)>itious  prfM^esses.  As  in  ciiries,  the  p^tisiili  mtdxt^ 
tain  tlie  affected  |K>rtions  of  the  spine  as  rigid  as  possiUe  ud  Af 


TUMOBS  OF  THE  SPINAL  COLUMN.  626 

rotatory  movementB  in  particular.  In  carcinoma  it  is  certainly  very 
rare  to  find  masses  of  the  tumor  on  direct  examination  of  the  spine; 
sarcomata  infiltrate  the  vertebral  arches  more  frequently  and  penetrate 
outwards,  or  else  they  may  be  felt  from  the  rectum  on  the  anterior 
surface  of  the  sacrum  which  forms  a  point  of  x)redilection  for  these 
neoplasms.  When  vertebrae  infiltrated  with  carcinoma  break  down 
suddenly,  a  gibbosity  may  result  with  obvious  deformity  of  the  spinal 
column,  but  on  the  whole  this  is  rare.  Of  more  frequent  occuirence 
seems  to  be.  a  gradual  compression  and  shortening  of  the  several 
vertebrsB  with  a  condensation  of  the  whole  si^ine  and  a  measurable 
shortening  of  the  patient,  and  this  is  certainly  a  most  important 
symptom.  But  it  should  be  noted  tbat  in  not  a  few  cases,  particu- 
larly of  vertebral  cancer,  there  may  be  an  entire  and  permanent 
absence  of  symptoms  relating  to  the  spinal  column,  even  when  root 
and  cord  symptoms  are  already  clearly  marked.  If  in  such  a  case 
the  presence  of  a  primary  carcinoma  has  not  been  demonstrated  the 
diagnosis  can  hardly  be  made. 

Exostoses  will  cause  no  marked  symptoms  in  the  si>inal  column ; 
in  particular  sensitiveness  to  pressure  and  pain  during  movements  of 
the  spine  may  be  altogether  absent. 

The  root  symptoms  may  be  divided  into  those  of  irritation  and 
those  of  paralysis.  The  most  important  probably  are  the  sensory 
irritation  symptoms,  the  pains.  They  are  of  a  true  neuralgic  char- 
acter; most  frequently  they  are  described  as  tearing  or  burning  and 
are  usually  bilateral  from  the  beginning.  Such  bilateral  pains,  esx>e- 
cially  in  the  course  of  the  sciatic  nerve  in  persons  of  advanced  age, 
should  always  lead  to  the  suspicion  of  carcinoma  of  the  lumbar  ver- 
tebrae. Of  course,  even  this  bilateral  character  of  the  pains  is  not 
always  the  rule  in  vertebral  carcinoma ;  thus  the  writer  had  under  ob- 
servation for  a  long  time  a  case  of  cancer  of  the  lower  cervical  vertebrae 
in  which  the  symptoms  were  confined  to  one  arm.  The  location  of  the 
pains,  like  that  of  all  root  symptoms,  depends  of  course  upon  the 
level  the  tumor  occupies  on  the  spinal  column.  Usually  the  root 
pains  are  also  increased  by  movements;  pretty  often  herpes  zoster 
occurs  in  the  distribution  of  the  painful  roots — a  circumstance  which, 
as  it  were,  imparts  an  objective  character  to  the  pains  and  thus  not 
rarely  i)ermits  an  accurate  determination  of  the  affected  roots.  In  a 
minor  degree  the  pain  acquires  an  objective  character  also  by  circum- 
scribed hypersesthesise  in  the  affected  region. 

Irritative  motor  symptoms  are  less  common,  but  transient  circum- 
scribed spasms  and  contractures  occur  in  the  muscles  innervated  by 
the  affected  roots. 

The  paralytic  symptoms  presented  by  the  spinal  roots  are  far  less 
Vol,  XI.— 40 
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ImportaBt  than  the  signs  of  irritation.  This  ia  dae  to  tlie  axleitaiva 
anasiomoBis  of  tlie  various  rmitn,  in  cooBeqaetice  of  wlijeli  mwotj 
muscle  and  every  cutaneous  region  is  supplied  bv  n  munber  of 
motor  and  sensory  rootB,  so  that  many  of  the»e  most  \m  detiijmjed  to 
produce  imralysis,  while  the  lesion  of  a  single  root  sufficeB  to  tautam 
symptoms  of  irritation.  Among  tlie  rarest  lU**^  cinnimacribadv  dJi* 
tinct  ana3stli8si»>  corresponding  to  the  distriluition  of  the  rooia,  betcire 
the  cord  itself  is  involved.  More  fre(|uently  we  ftnd  [Mirc)t]4:»  njinfK 
toms  and  trophic  dislnrhanees  in  the  miiselee^  asisoeiated  tritli  tha 
reiiction  at  degeneration;  there  is  a  very  motive  fibrillary  twitehinK. 
In  one  case  under  my  observation  the  atrophy  and  iNimlymis  wnt 
al>8*)lutely  parallel,  ixh  in  typit-al  spinal  progressive  v  '  ratniphy. 

In  these  cfvses  we  olM^erve  not  rarely  also  tro[ihie  (h  '  ut'es  uf  the 
skin,  such  as  parchment-like  thinning  and  glocisy  skill,  eo  frnX^m^- 
These  phenc»mena,  of  course,  can  be  demonstraled  only  on  the  ame 
and  legs,  witli  corresiK>nding  location  of  the  oarciiioiBa, 

The  cord  apnpiomH  are  those  of  compreesioti  at  a  certain  Uvvi. 
Not  until  this  r>ceui>4  are  the  motor  and  sensory  paidl^efia  m  a 
rule  clearly  marked;  if  it  is  aj)proximately  complete  we  find  erten* 
sive  i^iralysis  and  amcsthesia  in  all  the  regions  innervated  by  Um 
cord  below  the  point  of  compressioy.  The  tyjie  of  tho  symi 
therefore,  is  paraplegia  which  dcnehips  gradually,  or  raralT 
by  the  sudden  dispUcement  of  the  vertebrie  and  giblms  foraiati<m 
or  by  myelitis;  ipiit^*  exceptionally  only  one-half  of  the  csord  BBi^ 
be  implicated  in  the  lH>ginning.  Of  course  we  caoJicyt  imrB 
in  detail  ui>on  the  extent  and  distribution  of  the  paralynee  and  ai 
thesis  which  vary  with  the  level  of  the  tumor,  nor  uiK>n  the 
able  condition  of  the  bladder  and  n^;timi,  of  the  reflexoe  and 
disturbances,  esi>ecially  iMnh^ares;  the  most  essential  |)ointa  of 
will  l>e  mentioned  under  tnnjors  of  the  meninges.  One  ma 
tom  may  l>e  mentitjned  in  the  jjreweut  connection,  one  whJdl 
first  described  with  rertebral  carcinoma,  viz.,  the  ocenrrenee  of  t 
pains  in  the  pAralyzetl  lindis,  usually  the  legs,  CmTeiUiier*a 
plegia  dolorosa.  When  the  legs  in  these  eases  are  at  tbeaanie 
amesthetic,  we  may  also  speak  of  an  anesthesia  dolorosa. 


DUGKOSIS. 

The  diafitiosis  of  a  vertebral  ttimor — and  here  we  refer  first  only  \ 
oarcinoma  and  sarcoma — may  be  very  eaay  under  certain  cimuiH 
ataiii3ee  and  when  all  the  symptoms  are  clearly  marked*  eapeeiaOj 
when  a  primary  tumor  luvs  been  demonstrated  in  sonia  oUier  pait  at 
the  body.     As  a  rule,  however,  it  is  difficolt,  and  eaa  be  mad 
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tively  only  in  the  later  stages  of  the  disease.  When  there  are  at  first, 
as  in  typical  cases,  only  vague  pains  in  the  back  and  along  the  spinal 
colomn,  it  will  evidently  be  impossible  to  express  a  decided  opinion 
as  to  the  case.  When  symptoms  of  a  root  or  cord  lesion  are  gradu- 
ally added,  the  case  may  still  be  one  of  simple  myelitis  or  of  syphi- 
Utic  meningomyelitis.  Only  when  distinct  signs  appear  in  addition 
in  the  bones,  particularly  the  development  of  a  gibbosity  or  other 
deformities  of  the  vertebral  column,  we  are  nearer  a  solution;  at  any 
rate  we  are  then  forced  to  assume  that  there  is  a  primary  disease  of 
the  spine  with  gradual  involvement  of  the  roots  and  cord.  But  the 
most  frequent  disease  of  the  kind  is  caries  of  the  spine  and  from  this 
the  tumor  is  to  be  first  of  all  diflferentiated.  This,  however,  is  more 
easily  said  than  done.  Most  of  the  differential  factors  are  vague  and 
in  a  concrete  case  of  doubtful  nature.  While  tuberculosis  is  usually 
a  disease  of  early  life,  it  is  not  very  rare  in  middle  and  even  advanced 
age,  especially  in  the  spinal  column.  Carcinoma,  it  is  ti-ue,  occurs 
usually  only  late  in  life,  but  sarcoma  may  develop  even  in  early 
childhood.  In  a  doabtful  case,  tuberculosis  of  other  organs  would 
be  in  favor  of  caries.  According  to  Gowers,  the  root  symptoms  in 
carcinoma  of  the  spine  are  much  more  violent  and  prolonged  than  in 
caries,  but  this  is  not  always  true.  A  rapid  development  of  para- 
plegia is  said  to  be  far  more  frequent  in  carcinoma  and  to  be  due  to 
acute  myelitic  softening ;  but  the  same  symptom  is  not  particularly 
rare  in  caries,  especially  of  the  cervical  spine,  in  consequence  of 
sadden  displacement  of  the  vertebral  bodies.  Gibbus  formation  is 
much  more  freciuent  in  caries  than  in  carcinoma,  but  shortening  of 
the  spinal  column  is  more  common  in  the  latter.  Unilateral  lesion 
occurs  both  in  caries  and  in  carcinoma  in  rare  cases.  The  demon- 
stration of  a  distinct  spinal  tumor  would  be  decisive;  this  is  most 
likely  to  succeed  in  the  case  of  sarcoma,  esi)eciaUy  by  rectal  examina- 
tion when  the  neoplasm  is  located  on  the  sacrum.  The  diagnosis  is 
also  nearly  certain  when  the  symptoms  of  spinal  disease  and  com- 
pression of  the  cord  develop  in  connection  with  an  existing  car- 
cinoma, e.g.,  of  the  breast,  or  after  its  oporative  removal.  It  is,  how- 
ever, to  be  noted  that  in  cases  of  carcinoma  also  simple  toxic  forms 
of  myelitis  and  neuritis  may  develop,  and  that  Schlesinger  has  re- 
IKjrted  the  case  of  a  patient  with  carcinoma  in  whom  an  associated 
cord  and  vertebral  lesion  was  due  to  tuberculosis.  In  a  parallel  case 
of  the  writer's  the  presence  of  a  retropharyngeal  abscess  decided  the 
diagnosis  in  favor  of  tuberculosis. 

Not  rarely  the  sole  symptom  of  a  vertebral  tumor,  for  a  long 
period  of  time,  is  a  severe  intercostal  neuralgia.  Simple  intercostal 
neuralgia  occurs  almost  exclusively  in  hysterical  and  anaemic  women, 
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is  iuconstaot,  variable  in  its  location,  and  liable  to  l3e  infinenoed  bj 
suggestive  treatment;  inveterate  [>aius  of  thu  kiud*  wliomi 
always  exactly  at  the  same  point,  nliould  lead  us  to  suspect  m 
serious  affection ;  uf  coiu'ije,  io  estahliHh  the  diagnosis  of  a  T^^rtebial 
tumor  other  symptoms  must  be  present  in  additicm. 

We  must  refer  to  what  has  Ix^en  said  ab*»v»^  regardiui^  Ibe  diJigiicv 
sis  of  a  tumur  developing  near  the  sjunal  cohtmn  and  tUTolvisig  si 
only  later,  eHpeeially  aiieur\  sin  of  the  aorta.  In  many  cmatm^  ion^  il 
will  l>e  ditliLailt  to  differentiate  lietweeu  a  vertebral  and  an  intemver* 
tebral  tum(ir.  In  general  the  symptoms  of  a  vertebral  lamor  JiiaJU* 
fest  themsohes  in  the  following  order— bone,  root,  and  cofd  ajiii|i- 
toms;  while  in  the  case  of  an  intravert<*bral  tumor,  eniPaeially  CMM  ol 
the  meninges,  rout  and  cord  nym pttims  fK'cur  tirst  and  ixmltiioe  md- 
lateil  for  a  long  time,  and  the  vertebral  symptoma  are  asttalljr  »* 
BtrJet4*fl  t(*  a  mtire  or  less  marked  circumm'rilMHl  i»etiJ!iili^ 
pereiLssion.  Still,  I  have  sufliiiently  explained  alioTQ  ibat  l 
ferential  factors  apply  only  to  typicid  cases.  True  bono  ajs] 
ocenr  in  tumum  of  the  meninges  probably  only  in  the  rare  i 
in  which  tlie  spinal  column  is  eroded  and  |»erfi>mt4^fcL  Uixler  tbiaa 
eircumstnnct's,  therefore,  vertel>nd  and  intra  vertebral  ttunora 
be  iliffereutiated.  An(»ther  imtwjrtant  fact  is  that  mening«al 
sot  in  almi>st  invariably  with  tmilateral  Bymptf>ms,  while  tboMol 
vertehne  cause  l)ilateral  symptoms  from  the  Ijc^miiDg. 
the  frresence  of  a  carcinoma  affecting  some  other  part  of  thm  bndr 
wouhl  be  in  favor  of  a  vertebrat  rather  than  a  memngeat  ttijaor* 

The  diagnosis  of  the  variety  of  tumor  ia  easy  in  eaaes  of  milii^ 
tatic  vertebral  carcinoma.  Sai-comata,  likewise,  can  \m  rctcc^abnd  as 
soon  as  they  manifest  themselves  clearly,  by  their  form  and  eiteat, 
by  the  maimer  in  which  they  destniy  the  verti*bni*,  ami  ifrontitaUj 
by  their  location  (sacrora).  An  f»chinoccxxjus  of  the  spin»  iiu^  \m 
diagnosed  when  a  similar  tumor  liiis  Imh3!U  demoDstraitid  in  aooilieT 
region  of  the  body,  or  else  by  jispiration  of  the  cyst  fonnad  by  il  in 
the  bone.  The  di^H^uosis  of  a  |>eri(jsteal  exostosis  of  tbe  spinal 
is  also  easy  when  similar  tumors  are  found  in  otfaer  parts  erf 
bixly.  Thua  the  writer  (Brnns)  discovered  in  a  boy 
sympt^Mus  of  a  slow  com pressi(jn  of  the  cauda  e<{uina»  eiostoaia  at 
the  nx>t  of  the  orbit  with  i>rotrnsiou  of  the  globe,  on  Iha  saooiid  Ml 
rib»  and  on  the  sacrum.  The  diagnosis  in  this  csaae  was  nmmmMf 
certain. 

Pboqnosib. 

Tlie  prognosis  of  all  vertebnU  tumors,  leading  aaidfi  for  tim 
present  any  possible  tretittnent,  is  the  worst  imaginalila.  Carcino* 
xnata  and  sarcomat^i,  21s  well  as  eiostoses,  grow  stsadily  and  tbs  fiat 
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Dfd  also  terminate  giacliial]\  In  inaraKmua.  Efhiiiueoccus  cysts 
ly  open  exterDtillv  and  one  aueL  case  really  recovered  in  this  way, 

^%imlly,  liowever,  death  ensues  sooner  or  later,  sometimes  after  years 
suffering,  from  some  complicatioo  such  as  cystitis,  nephritis, 
emia,  or  bedsores.     Only  when  the  tumor  is  located  in  the  upper 

^irical  cord  is  the  compression  of  the  latter  likely  to  be  the  direct 

ttise  of  death. 

Treatment. 

Any  treatment  in  the  proper  sense  of  the  word,  which  necessarily 
inst  be  anrgical,  is  out  of  the  tjueHtion  in  caseM  of  vertebral  cancer. 
ly  one  who  has  had  a  single  oppoi-tunity  to  observe  how  extensively 
spine  may  \m  involved  by  carcinoma,  even  in  cases  in  which  the 
lymptoins  would  lead  one  to  snspect  a  limited  disease,  will  not  ven- 
ire the  risk  of  an  operation.     The  same  remark  generall}'  applies  to 
ircomata;  though  if  these  perforate  the  sinnal  column  and  the  skin 
the  back  and  then  disintegrate  we  ma}'   occasionally  \H^  able  to 
ttirpate  as  mnch  of  the  tumor  as  is  accessible,  and  Oppeuheim  and 
jiiDenbnrg  have  ol>tained  temporary  improvement  in  a  similar  case. 
:ihin^K^ocens  evsts  of  tlie  spine  may  be  operable,  provided  they  have 
en  diagnosed.     A  favoralile  [jrognosis  for  an  oi>eration  is  offered 
excmtoses;   if  located  on  a  vertebral  arch  the  tumor  may  be  re- 
loveil  at  once  with  the  trephine,  and  even  the  posterior  surface  of 
vertebral  column  is  eventually  accessible   by  sacrificing  a  few 
>t8,     Soch  cases  would  be  es])ecia]ly  favorable  with  reference  to 
(tiie  prognosis  if  it  is  the  cauda  e<piina  that  is  cnm]»res8ed,     C^iselli 
loceftsfully  operated  upon  a  case  of  exostt>sis;   in  the  writer's  case, 
|aIx>Ye  mentioned,  the  parents  would  not  permit  an  operaticm. 

In  most  eases  of  verteln-al  tumor  our  treatment  wiH  of  neceasity 
\\)e  restricted  to  simple  nursing,  in  which  suitable  bedding  of  the 
patient  and  cleanliness  are  of  tlie  greatest  importance.  In  connec- 
tion therewith  appropriate  mitigation  of  tlie  pains  1>y  a  liberal  use  of 
narcotics  is  to  be  borne  in  mind.  In  exostoses  potassium  iodide  is 
to  Ije  tried,  and  in  cases  in  whirh  a  susjiicion  of  syphilis  is  justified 
also  an  energetic  course  of  inunction. 


Tumors  of  the  Meningres  and  of  the  Cord. 

Pathological  Anatomy. 

Tumors  developing  within  the  vertebral  canal  are  diyisible  into 

•ee  groups,  according  to  their  origin  extradurally,  intradnrally, 

n  the  cord  itself.     The  most  fretjuent  aud  firactirally  the  most  im- 

int  with  reference  to  treatment  are  tumors  of   the   meninges. 
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Here  agiiiti  ili<»80  developing  intradnrally  snrpiiBH  in  Ditiiilien 
of  extradural  origin.  Of  fifty -eight  meuiitj^t^Hl  tamom  eolkled 
HoTHley  tvt'euty  were  extradural,  thirty-eigbt  intraduml.  ExtradonJ 
Mild  above  all  intradural  tumors  are  more  rarely  of  melaatelio  Ibiui  of 
prituary  origin;  untre  frtHiuent  m  a  aiuiulUDeooa  devdopiiieBjl  of  n 
tumor  of  the  cord  aud  of  some  other  part  of  tJm  bod>' ;  QMiall  v  Ibejr 
are  solitary  and  in  rare  instances  only  are  they  multiple^  but  in 
latter  case  they  may  l*e  imiumerahle,  partleularly  HJUXHmmtift  trf 
pia.  Of  primary  extrailural  tumors  we  may  meet  uith  U|k 
develojiing  in  tlie  extnidiiral  adipose  tissue,  sanH>umtii  i^priiiipjifs  I 
the  j>eriosteuni  of  the  spinal  column  or  from  the  outer  fiarbce  of 
dura;  in  isolated  caHt^^  euchondroinabi  have  In^d  obaenr^il,  aikI 
echinococcus  cysts  are  somewhat  more  frecjuent.  Secondarily  w^ 
find  careinoiua  in  the  extradural  ntlipose  tissue  witliout  iiiTC 
of  the  siiitial  coluniu,  also  sarcomata  and  tenitomiita.  These 
tatie  extradural  tumors  form  mjt  rarely  very  ilat  depo^tta  npam  thm 
diira,  which  tliey  suiTound  for  considerable  di8tantM?s4  in  tbc  fcimi  nf  m 
completely  chiseil  cylintler  or  one  oyien  towards  the  vertebral  bodiaft. 

Within  the  dura  are  to  l)e  oliservedi  springing  fnira  tbd  iDlusr  i 
face  of  the  dura»  from  the  ligamentum  dentieulatum,  fr*>tn  tha  i 
uoid,  or  from  the  outer  surfiu^e  of  the  pia,  fibromata,  fibroflfticooulBv 
sarcomata,  myxomata,  i>articiilarly  also  vascular  tumoni  moeh 
angiosareomata  and  true  angiomata.  lu  the  region  of  tlio  laml 
enlargement  and  in  eounection  with  spina  bifida  wo  mmy  bUmo  find 
lipnmata.  Multiple  neuromata  imve  l>eeu  observeil  on  thfi  mote  nf 
the  Cauda  ecpiina.  In  the  anw^hnoidal  space  w©  may  meet  with  c^^lj* 
oerci  which  are  nHuully  multiphs  and  more  commonly  mAtlary  «?«chi» 
nococcus  cysts.     True  solitary  tnl>erch-s  of  the  meuingea  am  not : 

Tumors  of  the  meninges,  even  the  different  foram  of  mxttrnm 
not  in  general  de^stroy  the  meninges  themselves.  On  the  whole  it  i* 
rare  to  find  an  extradural  tumor  i>erfo rating  the  dura  or  an  jntfa«liml 
tumor  piercing  the  pia  anel  extending  int^i  the  conh  This  of  ccmmeii 
not  the  invariable  rule,  and  the  writer  was  once  able,  in  a  case  of  mi 
tiple  sarcomatosis  of  the  pia,  tcj  demonstrato  clearly  the  fK^rfomtir 
of  the  tumors  into  the  cord.  Tumors  of  the  meninges,  e0|>ec*iaUy 
intradural  varieties,  exhibit  iu  general  considemble  twieniUaiio^  in 
form.  This  is  due  to  the  fact  that  they  rarely  perforate  thi^  bnoe  a&d 
hence  must  adapt  themselves  to  the  spiace  iu  which  they  lie,  i'.*^,,  the 
spinal  canal »  and  here  first  to  the  cavity  lietween  tlie  verti^brw  and 
the  cord.  They  rarely  attain  a  laiige  size ;  at  first  ther  are  apptoii* 
mately  spherical,  later  they  increase  in  lengtli  rather  than  in  breadlli 
so  that  they  nltimatt^ly  become  cylindrical.  They  are  nanally  sit- 
uated laterally  or  postero-laterally,  very  rarely  in  front  of  Ibo 
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by  ihe  more  or  less  marked  compression  of  which  they  make  room 
for  themselves.  If  thej  perforate  the  bone — an  uncommon  occur- 
Tenoe  except  in  the  case  of  echinococcns  cysts— they  may  of  course 
become  very  irregular  in  form  and  quite  large.  In  a  case  operated 
upon  by  the  writer,  in  which  the  tumor  could  not  be  found  at  the  time, 
it  had  reached  the  size  of  an  apple  in  the  trephine  opening  when  death 
occurred.  At  the  cauda  equina  alone  do  the  tumors  find  room  for 
greater  development  even  when  the  spinal  canal  remains  closed.  The 
shape  of  metastatic  extradural  sarcomata  and  carcinomata  has  been 
discussed  above. 

A  meningeal  tumor  may  produce  its  effects  in  the  direction  of  the 
bone,  the  roots,  or  the  cord.  As  a  rule  the  bone  lesions  are  the  last 
to  appear  and  only  rarely  do  they  attain  any  importance.  Usually 
the  lesions  of  the  roots  appear  first,  then  those  of  the  cord.  An  ex- 
tradural flat  tumor  may  involve  the  roots  for  a  long  time  and  to  a 
considerable  extent  without  implicating  the  cord,  while  an  intradural 
tumor  will  attack  the  cord  more  rapidly.  When  of  great  width  an 
extradural  tumor  will  of  course  also  compress  the  cord  early.  The 
roots  may  be  both  compressed  and  infiltrated;  often  they  oppose  con- 
siderable resistance  to  the  tumors  so  that  even  in  extensive  injury  well- 
preserved  root  fibres  are  met  with. 

The  cord  may  be  simply  compressed  without  material  impair- 
ment of  its  structure,  so  that  after  the  cessation  of  the  pressure  its 
recuperation  may  be  almost  perfect;  it  may  also  be  infiltrated  with 
oedema  or  be  softened  throughout.  The  last-mentioned  condition  is 
most  likely  to  occur  when  the  tumor  grows  rapidly  and  is  rather  hard 
at  the  same  time,  still  it  is  probable  that  some  part  is  played  by  true 
inflammatory  processes  due  to  tumor  toxins  or  by  ischemic  softening. 

In  the  substance  of  the  cord  i)roper  we  meet  with  glioma,  sar- 
coma, angiosarcoma,  solitary  tubercle,  and  cysticercus.  The  different 
forms  of  sarcoma  almost  never  originate  in  the  substance  of  the  cord, 
but  proliferate  into  it  from  the  pia,  either  from  its  inner  surface  or 
from  without  after  its  perforation.  Glioma  arises  in  the  cord  itself 
and  frecjuently  in  its  vicinity,  particularly  the  posterior  periphery  of 
the  central  canal;  tubercles  spring  from  the  vessels  of  the  cord  and 
according  to  Qowers  often  have  their  primary  seat  in  the  gray  sub- 
stance of  one  side  or  else  in  the  posterior  horns  (Schlesinger).  Cys- 
ticercus, which  is  rare,  may  of  course  have  its  seat  anywhere  in  the 
sabstance  of  the  cord.  As  a  rule,  intramedullary  tumors  too  are 
primary  and  solitary,  only  tubercles  occasionally  occur  in  numbers* 
Tumors  of  the  cord,  like  those  of  the  brain,  may  either  be  sharply 
demarcated  from  the  normal  structure  or  they  merge  gradually  into 
it—they  infiltrate  the  tissue,  as  it  is  called.     The  sharply  demarcated 
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uenpia«iii»  lire  sareoraa,  tnliercle,  and  rysticercns;  the  eord  suiroaad- 
iiig  them  is  iiHuall>'  Boftened  for  a  certaiu  tlisstance,  ItifillnAim 
growths  are  gliomata;  they  maj  extend  over  long  dUtanepa,  60p0- 
cially  iu  the  longitudioal  axis  of  the  cord,  and  far  into  tlie 
cerebri;  iu  that  ciise  they  break  down  in  the  t!^'ntre  aad 
well-known  picture  of  syringomyelia^  which  c<irreei>oml»  in  do  way  |o 
that  of  tiie  other  tumors  of  the  cord  and  therefore  if*  not  tliacftMWwd  iu 
thin  seetion.  SometimeH,  it  is  trae,  gliomata  c»f  the  cord  €toe9py  m 
more  oireumHcril^ed  Btte,  are  firmer  in  consistence,  and  oonipran  ihm 
cord  like  any  other  tumor, 

Intramedulhiry  tumors  are  usually  small,  and  spherical  €ireylm* 
drical  in  shaj^e;  they  extend  h^^ngitudiually  rather  than  tiiU3i9vcnrly; 
only  gliomatfi  sometimes  enlarge  the  diameters  of  the  ivird  »o 
as  Gowers  noted,  the  margin  of  the  occipital  ftiramen  may  rtti  dii 
into  the  cord* 

Since  many  if  not  most  of  the  cord  tumors  spring  from  Um 
we  observe  again  tinst  root  sym])tomB,  then  medullary  aytnplofaa;^ 
tumors  having  primarily  a  central  kx»ation  the  order  may  he  i 
and  in  consequence  some  i)eculiaritie8  of  the  morbid  pictm^  maj 
nesult,  which  will  be  discussed  at  greater  length  hereafter. 


Symptoms. 

The  eflfleiitial  feature  in  the  morbid  i>icture  of  l>oth  extn^  i 
tramedullary  tumors  of  the  cord  is  a  sh»w  comi>res8i(>u  of  tbm  1 
and  its  roots.  Henc^  tumors  of  the  meninges  and  of  tlie  cord  do  i 
differ  iu  their  sy  mpttmis  very  markedly  from  those  of  the  uptmJ  coiaodi 
when  the  latter  have  ileveloi>e<l  sufficiently  t^i  prodoc©  toadaUai^ 
symptoms  idoug  with  the  nH>t  syrapt^jms.  The  first  in  appoar  a» 
probably  always  symptoms  of  disease,  especially  irritation,  nf  tlaa 
roots.  In  intraveitebral  as  iu  vertebral  tumors  the  domiiuuil  ajm|K 
toms  are  those  of  irritiition  of  the  sensory  roots,  i.^.,  Ilia  fjidiia. 
Contrary  to  what  we  fiud  iu  vertebral  tumorH,  the  pains  in  ntcmiiiienal 
tumors  are  at  first  almost  invariably  unilati^ral,  and  this  haoauas  tliaae 
tumors  usually  develop  on  one  side  of  the  corti ;  only  later*  aHnr  a 
marked  lesion  of  the  intervening  cord  ban  resulteil,  do  thi^y  iuTnti^ 
also  the  opjKisite  side.  Of  course,  a  tumor  sittiat^Hl  exactly  in  II10 
median  line  posteriorly  on  the  cord  may  cause  bilateral  fiaiiui  btioi 
the  beginning. 

The  seat  of  the  pains  dei»end8  obviously  upon  the  level  al  wlstck 
the  tumor  is  located;  the  most  frequent  are  interooatal,  Okut  faradual* 
luTuViar*  and  sacral  pains;  these  will  l>e  discusse*!  at  grp«ati*r 
later.      The  only  characteristic  features  are  that  the 
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correBpond  to  the  course  of  a  i>eripheral  nerve,  but  are  always  in 
harmony  with  the  distribution  of  the  spinal  roots,  and  that  the  pres- 
sure points  of  a  true  peripheral  neuralgia  are  absent. 

Otherwise  the  pains  present  the  typical  neuralgic  character — they 
are  tearing,  lancinating,  ever  recurring  at  the  same  point;  a  local 
sensation  of  intense  painful  burning,  which  renders  even  the  weight  of 
the  clothing  irksome,  is  especially  frequent.  In  the  latter  case  the 
skin  is  also  hyperaesthetic.  Herpes  zoster  seems  to  be  less  common 
in  tumors  of  the  meninges  than  in  those  of  the  vei-tebrae.  The  pains 
are  usually  extremely  violent  and  prolonged,  still  painless  periods 
occur  even  with  steadily  growing  tumors ;  this  is  probably  the  case 
when  the  neoplasm  has  completely  destroyed  one  posterior  root  and 
requires  some  time  to  reach  the  next.  This  is  more  apt  to  occur  in 
the  dorsal  than  in  the  cervical  and  lumbar  regions,  because  in  the 
former  the  several  roots  are  farther  apart,  while  in  the  latter  there  are 
hardly  any  intervals. 

In  the  case  of  intravertebral  tumors,  too,  the  irritative  symptoms 
presented  by  the  motor  roots  are  less  pronounced  than  those  of  the 
sensory  roots;  otherwise  they  do  not  diflfer  from  those  described 
under  the  head  of  vertebral  tumors.  We  meet  therefore  with  more  or 
less  painful  cramps  and  persistent  spasms  of  isolated  muscles,  e.g., 
those  of  the  abdomen,  or  those  of  the  neck  and  nucha. 

Paralytic  symptoms  dependent  upon  a  lesion  of  the  roots  alone 
without  that  of  the  cord  occur  much  later,  for  the  reasons  discussed 
above.  Besides,  contrary  to  what  takes  place  in  the  case  of  irrita- 
tion, the  motor  root  symptoms  predominate,  i.e.,  pareses,  atrophies, 
reactions  of  degeneration,  and  fibrillary  twitchings;  the  electrical 
disturbances  are  probably  the  last  to  appear.  For  the  reasons  given 
above,  several  roots  must  be  affected  in  these  cases,  and  especially 
marked  anaBsthesise — like  plexus  paralyses  iu  their  arrangement — 
can  result  obviously  only  when  at  least  three  roots  are  largely  in- 
volved. This  is  possible,  without  coincident  imi>lication  of  the  cord, 
solely  in  cases  of  the  above-described  flat  but  very  long  extrameduUary 
tumors.  Moreover,  the  anaesthesia)  and  motor  paralyses  in  all  these 
cases  will  be  confined  to  the  distribution  of  the  roots  which  are  di- 
rectly affected  by  the  tumor.  All  these  facts  were  clearly  illustrated 
by  one  of  the  writer's  cases  of  meningeal  tumor  which  had  obviously 
sprung  from  the  lower  lumbar  roots  and  in  which,  at  a  time  when  sev- 
eral roots  were  unquestionably  already  involved,  not  the  least  anaesthe- 
sia could  be  found,  and  long  after  the  onset  of  paralytic  symptoms  in 
the  distribution  of  the  tibialis  posticus  and  peroneal  nerves  the  mus- 
des  neither  became  atrophied  nor  showed  electrical  disturbances,  so 
that  hysteria  was  repeatedly  suspected. 
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The  case  preBeutg  qiiito  a  tlifforent  a8i)ect  when  the  tttmor  ittvolf 
the  cord*  The  aii£BBtlieHi^B  nud  paraly^e^  i]iimediat4F^ly  bseooie 
extensive;  for,  as  coiiduction  ia  interrupted,  they  implicit^ 
inoen'ated  by  the  cord  ljt>low  tlie  actual  Be^t  of  the  legion*  M 
tuiiidr,  an  we  have  seen,  Hpriug.s  alini)8t  always  fmni  one  I 
the  conl  and  bone,  it  will,  an  a  rule,  fir«t  injure  oue-hall  of  the  ootd 
and  tliUH  the  nynqjionis  of  a  iiuilnt^ral  lesion,  tlio«i<^  of  BromhS^ 
i^iiard'rt  paralyHiN  so  called,  will  luf  uiauifested*  In  typical  emmm  of 
the  kind  we  then  find  on  the  side  of  the  tumor,  iu  tlwi  n^on  fti^ 
uat^^d  l)elow  it,  {uiralyKis  with  nHiially  increaaed  Tefledfli  and  km  of 
the  iniiscle  ^eime;  at  the  level  of  the  tumor,  lUl  lllliMlHifltili  afid  S 
h\jK3 1  aesthetic  zone;  on  the  op[)osite  side»  axuBsth^tfia  in  th#  «otm 
cord  region  Hituutod  l>elnw  the  tuiuor.  In  caae  of  a  growing  neophuB, 
htiwever,  the  tunK>r  will  soun  involve  the  opjKisite  side«  wfaeo  total 
jiaraplegia  and  ana^Hthe^ia  will  occur  iu  tlie  region  below  the 
pressed  p(»iiit  In  ^;nuliml  coni|tre8sion  of  the  con!  fimt  tha 
of  the  feet,  then  the  knee,  then  the  hi} i  are  paralyzeti  and  tha  i 
ftia  spreads  in  like  manner  in  an  upwanl  directioii;  but  Dol  raralr 
the  paraplegia  is  comitlete  to  the  level  of  the  tumor,  whila  ihii  ■!«■ 
thesia  is  clearly  marked  only  on  the  legs.  Of  iH>ur9e  when  the  vbola 
of  the  transverae  flection  is  interrux^ted  special  symptoius  will  uttU 
be  [ireseut  nt  the  ]ioint  where  the  tumor  has  its  seat;  iu  this 
the  root  irritation  advances  steadily  and  will  i>roduce  one  new  i 
torn  after  another,  especially  in  an  U|)wanl  direction.  At  this  li 
there  will  l>e  additional  uenralgias  and  hypeneatheaiiBatid«  ] 
when  the  cervical  or  the  himbar  enlargemaut  ia  implk 
atrophic  [mralyses  associated  with  electrical  disturbauoea  nf  th^i  mua* 
cles.  The  paralysis  below  the  lesion,  however,  will  at  fint  ©ol 
be  combined  with  distinct  trophic  disturbunces  of  tlie  muachsa*  Ob 
the  other  hand,  according  to  the  law  of  eoeentric  projectioo  of  tha 
sensations,  painful  sensations  may  occur  even  in  tlni  totaUjr ; 
and  |>o8sil>ly  also  completely  anaesthetic  extremities  (i 
Tima),  Ultiniately  the  meningeal  tumor  w  ill  also  iuvolra  th«^ 
at  first  i>erhafm  only  the  internal  |ieriosteum  of  the  apioa)  ooli] 
with  resulting  painful  rigidity,  jxain  on  motion,  oomgfafaig^  ori 
iug,  and  the  cr>rr€^|K>nding  regions  will  besidaa  ba  aensitmi  cm  pr 
sure  and  j^ercussion.  Even  mere  sitting  up  maj  caaaa  pain  at 
site  of  the  tumor.  At  the  same  time  tliere  will  lie  Yemcal  and  roelal 
paralyses,  bedsores  develop,  and  the  patient  fimdly  succnmfaa  to  gan- 
eral  marasmus  unless  the  tumor  has  caused  death  pr 
reason  of  its  seat. 

Hanng  now  described  the  typica    conraa  of  an  iutrav«rlafanl 
tumor,  we  must  dwell  upon  some  deYiations  fn»m  the  rale.     Foal  of 
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all,  the  paraplegia  may  not  be  the  gradual  result  of  a  unilateral  lesion, 
bat  may  appear  acutely  in  consequence  of  oedema,  ischsemia,  or  some- 
times perhaps  of  a  true  myelitis.  Other  differences  may  be  due  to 
the  development  of  the  tumor  extradurally,  intradurally,  or  in  the 
cord  proper.  These  variations  may  not  be  very  marked,  but  the 
above  brief  description  applies  most  closely  to  meningeal  (intradural) 
growths  which  are  the  most  frequent.  The  description  is  true  also 
of  medullary  tumors  which  begin  upon  the  pia,  while  traly  central 
neoplasms  may  run  their  course  at  first  entirely  without  pains  and 
consequently  simulate  the  course  of  a  simple  myelitis,  or  that  of  a 
simple  progressive  muscular  atrophy  when  they  develop,  e.g.,  in  one, 
or  more  frequently  in  both  anterior  horns  and  follow  the  direction 
of  the  longitudinal  axis,  or  that  of  syringo-myelia  when  they  develop 
simultaneously  in  the  anterior  and  posterior  horns  (Schlesinger). 

Finally,  extradural  tumors  will  obviously  at  an  earlier  period  give 
rifle  to  vertebral  symptoms,  to  circumscribed  periosteal  sensitiveness, 
and  to  rigidity  of  the  back ;  these  in  fact  may  be  the  first  symptoms 
as  in  vertebral  tumors. 

"We  must  next  consider  those  variations  in  the  morbid  i)icture  which 
depend  upon  the  accurate  localization  of  the  symptoms  of  irritation 
and  interrupted  conduction  and  are  due  to  the  difference  in  the  level 
of  the  tumor;  these  are  very  important  and  of  decided  practical  inter- 
est, since  they  alone  can  furnish  us  information  as  to  the  seat  of  the 
neoplasm.  Boughly  we  may  differentiate  tumors  of  the  cervical, 
dorsal,  and  lumbar  cord,  and  of  the  cauda  equina.  In  all  cases  there 
are  root  and  eventually  bone  symptoms  corresponding  to  the  level 
of  the  tumor;  below  this,  such  disturbances  of  motility,  sensibility, 
and  of  the  reflexes,  etc.,  as  are  dependent  upon  the  interrupted 
conduction  of  the  cord  from  the  segments  situated  caudad  of  the 
lesion. 

Tumors  of  the  Upper  Cervical  Coi^d. — At  first  i)erhaps  hemi- 
plegia of  the  arm  and  leg  on  the  side  of  the  tumor,  differing  from 
central  hemiplegia  in  the  non-implication  of  the  facial  and  hypoglos- 
sal nerves,  eventually  with  anaesthesia  of  the  opposite  side  (Brown- 
Sequard).  Later,  spastic  motor  paresis  or  paralysis  of  all  four 
extremities.  Preceding  the  hemiplegia  and  paraplegia,  pains  aud 
perhaps  circumscribed  ansesthesise  in  the  cervical  plexus,  also  in  the 
distribution  of  both  supraclavicular,  the  occipitalis  minor,  the  auri- 
cnlaris  magnus,  and  possibly  also  the  occipitalis  major  nerves ;  atro- 
phic paralyses  in  the  region  of  both  sternocleidomastoids,  the  trape- 
zius and  scaleni,  the  deep  anterior  cervical,  and  the  superficial  and 
deep  nuchal  muscles.  The  paraplegic  stage  is  apt  to  be  of  very  short 
duration,  as  the  affection  of  the  phrenic  nerves  soon  terminates  fataUy. 
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Tumors  of  the   Ci-rciad  Enloiyemfnt. ^¥imi,  atrufiliy  and 
paralysiH,  perbajw  pHiiw,  in  tlie  arm  euiTesiM»miiiig  to  the  side  <lf 
tumor,  H|^>astic  pamlysis  of  the  leg  of  the  BHme  siiW,  numlliatia  of 
the  opposite  extremities  ami  of  the  oiJpo«ite  half  uf  ' '     ^      :ik* 
simatic  paraplegia  an  J  aDiu^tliesia  of  bijth  lower  t>\i  ^  «ad 

theHia  of  the  tniiik  to  the  level  of  the  secoijd  rib,  atrofxhic  flucdd 
paralysiH  of  the  iipi>eroxtreT)iitie8.  When  the  tuimir  iiiTQlf^ai  llie  eiK 
tire  cervical  eulargeiyeut,  all  the  muM€le«  of  the  upper  extrBiailiaB 
affected  with  t^jt4il  auiestheaia  of  both  iinnH ;  when  oniy  the  upper  htdt 
is  directly  imi>lieated,  there  it*  atmphy  nf  the  upi>er  arm  Mul 
miiHcleB  witli  silastic  i»aralysiH  of  the  haud  aud  iiageni,  and 
as  before;  wheu  the  lower  half  of  the  oeniiml  eiilargettienl  U  all 
affected,  the  shoiikler  ami  upper  arm  are  intjiet*  there  in  flaorid 
phic  paralysiH  of  the  forearui  and  haml  inusi^les,  ami  thtf* 
m  GODfiDBcl  to  the  ulnar  half  of  the  upper  extremitieti.  WheB  the  §nt 
dorsal  root  is  diret^tly  involved,  there  are  myoflii*  Jind  Harrovian  of  Iht 
palpebral  fissure,  In^th  first  «»n  ime  side,  then  <»n  lK»ih,  and 
pains  in  the  shoulders  and  arms» 

THmora  of  the  Ihnnnl  O/n/.— Brown-Set|UHrci  s  j»ant 
pronounced-     Later,  thei*e  are  spimtic  paraplegia  of  tht*  1  . i\  *  t  «-  vu  *-'^u- 
ities  and  of  the  abdominal  muscles,  and  ana'^Uie^ia  of  tlie  tmok  loa 
level  corres{iouding  to  the  seat  of  the  tnmor.     At  first  milalandt 
then  complete  girdle  paiuH  aud  hy|H3rM?sthesiM>  anatud  tliotiboiUor 
alxlomen,  not  con*esponding  to  separate  intercostal  spaces  faol  vhli 
more  horizcmtal  limits.     Atrophic  paralyses  cmnunt  Ixi 
in  the  intercostal  miLseles  corresponding  t<j  the  level  of  the 
but  may  eventually  ap|>ear  in  the  abilominal  mmiclea. 

The  tendon  and  skin  reflexes,  the  condition  of  tlio  bladder 
rectum,  and  the  tro[)hic  lUsttirbancea  of  the  integument  are  in  ffeo 
the  same  in  the  different  locations  of  the  tmnor  ilius  Ukx  doMatbod. 
In  tlie  Brown-Se(|aard  atage  the  tendon  and  aldxt  rolleiee  aie  al  inl 
increased  on  the  side  of  the  tnm<ir,  and  they  becoiae  ia  oa  bolli  aiiden 
when  paraplegic   Hvmptoma  set  in.     In  these  caaeii  the  iocreaoe  ia 
very  markcHl ;   patellar  and  Achilles  clonus  and  ofti^ii  proooimged 
calh  d  sitinal  epilepsy  are  preaeni     But  gradually,  wbi 
the  transverse  section  becomes  more  and  more  nearly  total,  liba 
refiexes  in  particular  diminish,  and  with  completo  limoai^eiBB 
ruption  they  are  altogt^ther  abt^ent^  whatever  the  aeal  of  Iba  I 
At  the  same  time,  unless  mlhegions  have  prerioosly  farmrd  in  lbs 
joints— an  occurrence  esi>ecially  common  in  flexion  ooolraoliifea^lba 
silastic  fmresis  again  l>ecomes  flaccid,  and  while  the  pnaefaa,  parties 
larly  those  of  the  lower  extremities,  d<»  not  present  a  de^fcetn^raliiv 
atrophy,  yet  they  shrink  and  their  electric  irritability  tnajr  be 
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reduced  quantitatively.  The  skin  reflexes,  which  always  exhibit  great 
individual  variations,  do  not  present,  even  under  these  circumstances, 
SO  constant  a  relation  as  the  tendon  reflexes ;  the  plantar  reflex  in 
particular  sometimes  persists  when  a  total  transverse  lesion  must  be 
assumed  to  be  present  for  other  reasons. 

The  state  of  the  bladder  varies  greatly  in  different  cases.  At  first 
there  is  dysuria,  the  patient  being  obliged  to  stand  or  sit  long  and  to 
strain;  by  degrees  micturition  becomes  impossible.  At  first  there  is 
also  not  rarely  a  greatly  increased  and  oft-rejieated  desire  to  pass  water 
(pollakiuria) — and  this  assumes,  as  it  were,  an  imperative  character — 
the  patient  must  yield  to  it  at  once  if  he  would  avoid  soiling  himself. 
Later,  the  so-called  intermittent  incontinence  may  develop — the  evacu- 
ation of  the  bladder  is  no  longer  subject  to  the  control  of  the  will,  but 
when  a  certain  degree  of  fulness  of  the  viscus  has  been  reached  the 
sphincter  relaxed  and  the  detrusor  contracts  reflexly,  the  vesical  con- 
tents are  voided  in  a  powerful  stream.  When  there  is  no  anaesthesia 
the  patient  of  course  is  conscious  of  such  evacuation.  After  the  reflex 
activity  of  the  detrusor  has  also  become  impaired  the  sphincter  is 
forced  open  only  when  the  bladder  is  completely  filled  and  the  urine 
dribbles  away  from  the  full  bladder — ischuria  paradoxa.  When  the 
transverse  interruption  is  complete  the  detrusor  and  sphincter,  as  well 
as  the  entire  reflex  activity  of  the  bladder,  are  wholly  paralyzed,  even 
when  the  lesion  occupies  a  high  level.  Even  then  the  urine  never 
dribbles  off  directly  as  it  reaches  the  bladder  from  the  kidneys ;  the 
elasticity  of  the  sphincter  can  always  still  retain  a  certain  quantity 
of  urine,  so  that  the  escape  does  not  ensue  until  the  pressure  exceeds 
the  elastic  occlusion,  that  is,  after  some  degree  of  filling  of  the  Jbladder. 
Then  the  viscus  may  also  be  emptied  by  mechanical  pressure,  and  even 
slight  changes  in  the  latter,  such  as  coughing,  intestimil  movements, 
and  sitting  up  expel  some  quantities  of  urine  from  the  bladder.  The 
elastic  closure  of  the  bladder  is  much  weaker  in  women  than  in  men. 
In  nearly  all  cases  of  serious  vesical  paralysis  the  occurrence  of  cys- 
titis, pyelitis,  and  nephritis  is  not  long  delayed,  and  these  complica- 
tions are  very  frequent  causes  of  death.  From  the  onset  there  is 
nsuaUy  constipation,  which  becomes  more  obstinate  as  the  transverse 
lesion  extends.  In  a  certain  stage,  voluntary  evacuation  may  alre>ady 
have  become  impossible  even  with  the  aid  of  abdominal  pressure, 
though  the  intestine  continues  to  act  reflexly  and  the  sphincter  still 
grips  the  finger  introduced  into  the  anus.  With  total  transverse 
lesion  the  sphincter  ani  is  likewise  completely  paralyzed  and  no  longer 
doses  around  the  finger.  Nevertheless  the  fecal  masses  which  are 
usually  very  dry  and  hard  are  retained,  but  every  few  days  a  i)ortion 
of  the  mass  is  mechanically  forced  out  by  the  after-crowding  faeces ; 
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tli6  patieot  does  not  soil  himsell,  however,  imleas  be  unffefB  bom 
diarrhoea* 

Bedsores  cktcuf  with  cord  tumors  located  at  a  high  fevel  wban  tbo 
auiosihesia  is  uiarkt^d,  that  is,  wbeu  the  trausverse  ledoD  is  ftpproad* 
mately  total  In  other  respects  they  present  the  same  featores  ae  u 
tumors  nf  the  lumhar  cord. 

Tumors  of  the  Sacral  Cord, — Atrophic  [mralysis  ol  Urn  mwolfli 
of  the  le4(  and  foot,  of  the  iKJsterior  surface  of  the  thi^h,  of  tha  ^u* 
teal  and  peroneal  miiseleH,  first  on  one  side,  then  on  boib  aidn;  mih 
lesthonia  alTects  tiie  foot,  tho  [losterior  surface  of  the  leg  miid  lllisll« 
tlie  perineum,  and  the  genitals,  Ttviid  paralysis  of  tlio  hliulder 
rectum,  IinjKitence,  Loss  of  the  Achilles  tendon  reflex,  with 
preservation  ol  the  patellar  tendon  reflex.  Initial  paiiis  in  tbt*  dis- 
tribution of  the  sacral  plexus  of  the  side  first  affeclecL 
and  cystitis  develop  early. 

Tnnwrs  of  the  Lumbiir  Ptniiun  of  tJw  Lumbar 
Initial  unihiteral  pains  in  the  di^^tribution  of  the  lumbar  plextui, 
on  the  anterior  and  inner  tilde  of  the  thigh  and  le^  and  in  Ibe 
the  groin.  Atrophic  paralyses  likewise  first  in  the  110^1011  of 
lumbar  plexus,  hence  in  tho  ileo{>soajs,  quadricei^s*  addiic^ois, 
tibialis  anticus.  Very  rai'ely  also  ameethesiflB  in  the  aame  regioii 
with  isolated  root  lesions ;  with  the  beginning  of  the  eonl  leetGii,  haw* 
ever,  Uttal  ame^thesia  t^iccurs  in  the  region  of  the  lumbar  fileziiii ;  id  thai 
of  the  sacral  plexus,  partial  anjestht'sia,  perhat)S  oiJj  to 
and  ftain.  This  gnmping  is  an  almost  pot^itive  proof  of  de' 
of  the  tumor  at  the  lumbar  cord.  Brown-Soquard*8  symptona 
also  Ije  protluced  l»y  a  unilattTal  afi'ection  of  the  u|j|ier  part  of 
lumbar  enlargement.  Lat4>r  there  are  complete  pamlyaia  And 
thesia  of  tho  lower  extremities,  but  only  in  the  distrilmticio  of 
lumbar  plexus,  associated  with  atrophy  and  the  reaction  of 
Kon,  on  the  legs  and  feet  eventually  with  spastic  symptoma. 
cloQiis  may  be  combineil  with  them,  w^hile  the  patellar  tefliaie 
absent.  Vesical  and  rt'ctal  paralysis  is  not  so  marked  in  the  I 
T»ing  as  in  the  case  of  sacnd  tumors. 

The  lundmr  enhirgement  in  particular  is  very  abort  and  ita 
are  closely  crowded  ti>gether.  Tumors  of  tho  meniligea, 
will  only  for  a  short  time  produce  pur©  sacral  or  lumhar  avm] 
The  dilTerences  are  UHualty  fnini  the  first  indiBtinct  or  beooiaa  eatiT 
obliterated ;  we  then  find  simultaneously  symptoms  poinltiig  to  tt^ 
entire  lumbar  enlargement,  while  the  paina  occur  in  the  diatfUmtiOft 
of  the  highent  implicateil  roots* 

Tumorn  of  the  Cauda  Equina. — ^It  is  obvious  that  thew*  eaa  be 
esaeutial  clinical  differences  between  tumors  of  th^  caudii  Mialoa  and 
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those  of  the  lumbar  enlargement,  since  the  roots  of  the  former  are 
nothing  bnt  processes  of  the  lumbar  enlargement,  and  the  roots  and 
their  segments  have  no  separate  functions.  Nevertheless  we  can  dis- 
cover some  differential  points.  While  the  manifestations  of  all  other 
meningeal  tumors  begin  with  root  symptoms  of  one  side— the  transi- 
tion to  the  other  side  is  somewhat  retarded  by  the  cord  itself — in 
tumors  of  the  cauda  bilateral  symptoms  are  generally  present  from 
the  beginning.  Brown-Sequard's  symptoms  of  course  cannot  be  pro- 
duced by  a  caudal  neoplasm.  Should  a  caudal  tumor  begin  exception- 
ally with  unilateral  symptoms,  which  evidently  is  not  impossible,  it 
will  take  longer  to  extend  to  the  other  side,  i.e.,  to  produce  paraplegic 
symptoms.  Finally,  the  paraplegia  in  caudal  tumors  is  not  as  a  rule 
so  symmetrically  distributed  over  both  lower  extremities  as  when  it 
is  caused  by  a  cord  lesion;  a  tumor  of  the  cauda  attains  about  the 
same  symmetry  as  does  multifile  neuritis. 

Typical  reaction  of  degeneration  in  extensive  muscular  regions 
will  in  doubtful  cases  indicate  rather  a  caudal  lesion;  affections  of 
the  lumbar  enlargement  are  perhaps  more  likely  to  cause  partial  re- 
action of  degeneration,  but  on  the  other  hand  produce  more  marked 
fibrillary  contractions.  The  pains  are  especially  violent  and  wide- 
spread in  caudal  tumors,  probably  because  so  many  sensory  roots  are 
in  close  juxtaposition  at  this  x>oint,  and  they  are  particularly  severe 
in  the  sacrum  and  ischium.  The  disturbance  of  the  vesical,  rectal, 
and  genital  functions  will  not  differ  from  that  in  tumors  of  the  lumbar 
enlargement.  An  important  differential  factor  consists  in  the  follow- 
ing circumstance  which  has  been  learned  from  practical  experience. 
Tumors  of  the  cauda  equina,  like  traumatisms  in  this  region,  x)roduce 
at  first  only  symptoms  in  tlie  sacral  plexus  and  do  not  involve  even 
the  lowest  lumbar  roots.  This  is  not  easily  understood  in  the  case 
of  trauma  which,  we  are  forced  to  assume,  would  be  more  likely  to 
injure  the  fibres  of  the  lumbar  plexus  situated  on  the  outer  side  close 
to  the  bone,  than  those  of  the  sacral  plexus  occupying  the  centre.  In 
the  case  of  tumors  we  must  suppose  that  they  develop  by  preference 
in  the  median  line.  Be  this  as  it  may,  at  any  rate  a  caudal  tumor 
may  manifest  itself  for  a  lon^  time  by  purely  sacral  symptoms,  while 
a  new  growth  of  the  lumbar  enlargement,  as  we  have  seen,  soon  affects, 
whenever  it  involves  the  cord  at  all,  both  the  lumbar  and  the  sacral 
plexus.  Of  course  this  is  not  an  invariable  rule  applicable  to  every 
case;  for  a  tumor  in  the  sacral  portion  of  the  lumbar  enlargement 
may  at  first  produce  functional  disturbances  only  in  the  sacral  plexus, 
and  this  the  more  readily  because,  according  to  a  law  of  general  ap- 
plication, it  usually  spares  the  roots  of  the  lumbar  plexus  which  pass 
by  it;  and  moreover,  a  tumor  of  the  cauda  may  occasionally  injure  not 
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only  the  sacral  but  all  the  liuabar  roots»  excepting  perbApa  the  firwt, 
before  they  emerge  from  the  cord,  aud  witliout  touehiuK  Urn  cooaii* 
At  all  events  it  is  i^roliahly  Hufe  to  assert  pci«iitively  tbiil  wlieti  II10 
BymptoTU8  l:)egiii  with  distiirhuQcei^  iii  the  distributiou  of  the  Inmbir 
plexiiB,  followed  subHeqiieiitly  by  dlHtxirlmDces  iu  the  isacniJ  plesQi« 
the  tumor  is  one  of  the  lumbar  enlargement  and  nut  oii«e  of  IliacuidA* 
Thin  diagnosis  is  strengthened  when  tlie  sacral  »ymp4oiiui  praBeol 
at  tirnt  BUfh  i>et"iiliarities  as  iire  caused  by  interrupteil  cumluctiati  b^ 
low  the  tM^tual  neat  of  the  tuiuor  (npastic  symptoms  in  Uie  lag  A&d 
foot),  or  when  the  lumbar  symptoms  merely  predominate  nfW  tlla 
sacral,  alnjut  in  the  way  olj«er\ed  by  Bruns  and  by  Allen  Statr,  tha 
anfesthasia  l)eing  etimpiete  in  the  regitni  of  the  lamhar  plexua  aad 
partial  in  that  of  the  Kacnil  plexus. 

The  diagnosis  is  also  abs4>lutolv  c^^rtain  when  llwni  im  Dmrkad 
seusitiveness  on  iwreussiou  Ix^luw  the  second  Itimbar  fiirlebfm*  ainoe 
the  conns  termiualis  ordinarily  retichee  only  as  far  MB  {he  oiiddla  cl 
this  vertebra.  In  sliort  if  several  of  the  aljoven'^numerated  diffaraniial 
factors  concur,  eK]>ei'iallv  tlto  ptmitive  signs,  such  m  aenaitiii 
percussion  of  the  lower  lumlmr  spinous  proooaaeaand  ol  thei 
or  spastic  symptoms  in  the  leg  muscle«,  the  difTeniutial  dingnoaii  ht^ 
tween  c^audal  and  lnml>ar-cord  tumor  may  be  iiositively  made.  In 
less  favorable  eiises  this  in  not  ]»os8ible,  and  hence  if  an  opsraticai 
iH  underbiken  it  is  l^etter  to  make  tlie  oi>ening  large  enoufcb  tn  iiarmil 
insjiectiou  of  the  lumbar  and  caudal  regioDA  that  may  piiaaibly  ba 
involved,  and  as  the  himliar  enlargement  18  quite  short  this  will  not 
necessitate  a  very  great  opening. 

Course, 

The  course,  particularly  of  tumors  of  the  meniligeat  i» 
occasionally  the  affection  may  be  prolougeil  over  several 
usually  it  lasts  two  to  three  years.  The  root  sympioiiia,  oapaoiaUj 
the  pains,  are  often  alone  present  for  eeveral  yeais,  Uie  molDr  fonl 
symptoms  not  devehiping  until  later*  As  sc»on  as  injorjr  of  tiia  oocd 
l>ra[)er  is  suportuldecl  tlie  progress  is  usnally  more  rapid;  in  the  oar- 
vical  oord  de-ath  may  suddenly  result  from  asphvxia,  otbarwiao  tiia 
usually  the  eotiseriuence  of  complications  in  the  blaildiir,  ol  bedaufaa* 
or  of  general  marasmus.  Tlio  duration  depends  pWHMnJttaqtly  upon 
the  ra[mlity  of  growth  of  the  tunifjr;  malignant  neoplaaBM  oaiaiU^' 
increase  more  <[uickly,  and  it  is  [>robal)Iy  in  coDseqoaaioa  of  Urn  1 
frequent  occurrence  of  metastatic  carcinoma  and  aansoma  in  tlia  as* 
trailural  atlipose  tissue  that  extradural  tumors  have  a  mors  rafttd  < 
than  intradural  tumors,  the  proijortion  Ijeing  one  year  and  < 
aa  against  two  years  and  three  months. 
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DUGNOSIS. 

The  diagnosis  of  an  obscure  cord  tumor  will  always  remain  one  of 
the  most  difficult  problems.  Two  things  are  necessary  to  make  this 
diagnosis  possible.  In  the  first  place  we  must  have  some  informa- 
tion— the  more  accurate  the  better — of  the  course  of  the  disease,  for 
in  typical  cases  the  characteristic  features  are  the  initial  unilateral 
root  symptoms  with  unilateral  and  later  bilateral  cord  symptoms. 
When  this  sequence  cannot  be  learned  and  we  are  face  to  face  with 
the  complete  symptom  complex,  the  diagnosis  will  often  not  be  a 
positive  one.  In  the  second  place  the  symptoms  must  have  reached  a 
certain  development  before  the  diagnosis  is  possible.  As  long  as  the 
morbid  picture  is  composed  solely  of  neuralgic  symptoms  the  posi- 
tive diagnosis  of  a  tumor  is  out  of  the  question.  Under  such  circum- 
stances it  may  even  be  difficult  to  differentiate  a  simple  intercostal 
neuralgia  or  the  pains  produced  by  disease  of  the  heart  or  the  great 
Tessels,  though  at  times  the  diagnosis  of  a  root  lesion  from  a  peripheral 
neuralgia  may  be  possible  from  the  localization  of  the  pains  corre- 
sponding to  root  regions  and  the  absence  of  sensitive  pressure  point-s. 
Hysterical  neuralgias  and  those  caused  by  a  tumor  might  be  differ- 
entiated by  the  fact  that  the  latter  are  incessant  and  rebellious,  so  that 
even  in  this  stage  we  would  be  led  to  suspect  a  serious  organic  disease. 
This  suspicion  will  of  course  be  verified  when  paralyses,  and  particu- 
larly circumscribed  muscular  atrophies  with  electrical  disturbances,  are 
superadded  to  the  neuralgisB.  But  in  tumors  of  the  dorsal  cord  such 
trophic  disturbances  cannot  be  demonstrated,  and,  moreover,  at  this 
early  i)eriod  it  is  impossible  to  make  a  differential  diagnosis  between 
sim])le  forms  of  neuritis  of  the  plexus  in  question  and  prevertebral 
tumors,  e.g.y  neoplasms  in  the  pelvis  and  at  the  anterior  surface  of  the 
sacrum.  Besides  in  this  stage,  especially  with  meningeal  tumors,  cir- 
cumscribed sensitiveness  of  the  spine,  or  perhaps  a  deformity,  will 
rarely  be  so  marked  as  to  render  it  likely  that  the  pains  and  paralyses 
would  be  ascribed  to  some  vertebral  or  intra  vertebral  cause.  But  when 
in  the  further  course  symptoms  of  compression  of  the  cord  appear,  first 
on  one  side  and  then  on  both  sides,  it  will  be  certain  at  least  that  we  have 
to  deal  with  a  graduaUy  extending  focus  of  disease  upon  or  within  the 
spinal  column ;  and  it  is  in  this  stage,  in  cases  with  typical  course, 
that  in  recent  times  the  correct  diagnosis  of  a  tumor  has  been  repeatedly 
made,  that  is  to  say,  in  the  transition  stage  from  root  to  cord  symj)- 
tom$.  Leaving  aside  for  the  present  spinal  syphilis,  which  in  rare 
cases  may  produce  similar  symptom  groups,  we  have  to  consider  the 
differentiation  from  the  disease  which  most  frequently  causes  com- 
VoL.  XI.— 41 
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pression  of  the  cord,  i.e.,  caries  of  the  gpiue.  Above  nU  we  mnA 
consiilor  liort?  thone  cases  of  eaiieB  which  present  no  distinct  changoft 
in  the  verti^bral  column  for  a  long  time,  during  which  they  cmoam^ 
howevf^r,  considerable  root  and  cord  symptc^ms^ — eases  thai  an 
whole  are  not  very  rare.  Under  the  head  of  vertebral  lomoni. 
have  discussed  the  differences  between  caries  and  tamor*  aod  kavm 
stated  our  conWetiou  that  none  of  them  is  of  decisive  im; 
The  entii-e  course  of  the  affection  seems  to  be  of  {lariicuhu'  imj 
in  the  differential  diagnosis ;  when  root  and  cord  symptoins  develop 
at  all  in  8(>injil  caries  the  whole  coarse  is  more  rapid;  the  peimstenoii 
of  root  HymptoMis  for  years  before  cord  symptoms  set  in  is  nilher  tfi 
favor  of  the  diagntisis  of  tumor.  The  termination  in  apoolBiieoiui  re- 
covery would  permit  the  exclusion  of  Ji  tumor;  very  maricad  delotiiii- 
ties  of  the  sjiine  are  more  likely  in  caries.  The  diagnora  of  a 
meningeal  tumor  l^ecomes  alm<»st  alisohtt^ly  cert?iin  in  such  cuMia  with 
t^'pical  course  when  there  are  tumors  elsewhere ;  the  writer  has  SOD* 
oeedi^l  in  diaguosbig  two  similar  ciises. 

The  diagnosis  of  a  meningeal  tumor^  therefore,  is  v«rr  prohahk 
when  in  a  concrete  ease  the  symptoms  of  marked  compn^aaiaii  ol  tba 
cord  and  its  roots  at  a  definite  level  ap^jear  in  the  onU*r  of  miilaienl 
root  lesion,  unilateral  and  then  bilateral  conl  lesion ;  and  when 
have  devoloiMxl  gnwlually  in  the  course  of  one  or  more  y«An» 
that  the  mot  H\in\*Umm  oftf*n  have  remained  isolated  for  yean 
oortl  symptoms  manifested  themselves.  This  diagDosia,  bi 
can  he  made  with  any  prosj>ect  of  being  correct  only  wbao  tool  aiii! 
cord  symptoms  are  clearly  marked. 

That  tumors  of  the  cauda  e<juina,  as  opposed  to  the  other  intra^ 
vertebral  neoplasms,  usually  begin  mth  bilateral  symptotnii  liaii  hmm 
stated  above.  Mention  has  also  lieen  maile  of  the  differenlial  bolon 
between  vertebral  and  iiitraverteliral,  and  of  Uie  latter  betVMB  otn^ 
dural,  intradural,  and  true  cord  tumors. 

HyiM^rtrnphic  i-t^rvical  fMR-hy meningitis  always  affects  the  iimil 
meninges  on  Ijoth  sides.  As  it  extends  at  once  to  several  parttom  of 
the  cord,  it  is  asHcwiated  with  widesjireml  paralyses,  atrophiea»  and 
aiifestiipsim  due  in  [jure  re  Hit  1*  simis,  w^ithout  material  impUanlicm  of 
the  cord.  This  is  im|>oss]ble  in  cases  of  meningeal  tumor  having  a 
typica!  course,  1>ocau«*^  in  these  the  transition  of  the  tumor  a] ntiK  with 
the  symptoms  fnun  one  nide  to  the  other  must  take  place  lhroii|{h  and 
acniss  the  cord.  Moreover,  pachymeningitis  not  rarelj  emb  ia 
recovery. 

Unlti[>le  tumors  of  the  meninges  might  lie  recpgniisml  when*  for 
instanoe,  one  of  them  has  aln»ady  produced  definite  s>iDpiag»i  erf  a 
root  and  conl  lej^ion,  and  then  root  symptoms  of  an  altfigstiier  differ* 
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ent  region  are  superadded.  When  the  tumors  are  close  together, 
however,  the  symptoms  become  mixed;  possibly,  too,  it  is  only  the 
combination  of  several  that  presents  the  phenomena  of  a  transverse 
lesion  at  a  definite  level.  Multiple  tumors  of  the  spinal  meninges 
are  not  rarely  associated  with  brain  tumors;  in  that  event  the  cere- 
bral symptoms  may  mask  those  of  the  cord  altogether. 

When  we  have  made  the  diagnosis  of  a  tumor  of  the  spinal  me- 
ninges, the  second  task  is  to  determine  exactly  the  level  of  the  tumor. 
According  to  Horsley,  the  cervical  enlargement,  the  borders  between 
the  dorsal  and  cervical  cord,  and  the  end  of  the  dorsal  cord,  form 
the  points  of  predilection  for  the  development  of  tumors  of  the  menin- 
ges, because  at  those  places  the  latter  leave  more  room.  We  have 
above  said  something  about  tlie  symptoms  of  tumors  of  the  upper 
cervical  cord,  of  the  cervical  enlargement,  of  the  dorsal  cord,  of  the 
lumbar  enlargement,  and  of  the  cauda  equina,  but  rather  in  a  general 
^"^y;  yet  this  is  not  sufficient  for  our  present  demands  for  a  seg- 
mental diagnosis  with  a  view  to  operation;  for  this  purpose  it  is 
necessary  to  locate  the  level  of  the  roots  and  segments  in  which  the 
tumor  has  its  seat  with  periect  accuracy.  Such  localization  is  based 
upon  our  present  knowledge  regarding  the  functions  of  the  several 
segments  and  their  roots,  for  the  two  do  not  differ  from  each  other. 
With  reference  to  this  subject  the  reader  should  consult  the  section 
on  injuries  of  the  spine,  where  the  functions  of  each  single  seg- 
ment are  tabulated  after  Allen  Starr  and  Edinger  (p.  577).  All  that 
is  necessary  in  a  concrete  case  is  to  determine  accurately  which  mus- 
cles are  paralyzed  and  which  cutaneous  regions  are  anaesthetic,  and 
then  to  decide  by  the  ai(J  of  the  table  to  what  level  the  lesion  must 
reach. 

An  accurate  segmental  diagnosis  is  almost  invariably  possible 
only  when  the  lesion  has  implicated  the  cord,  and  not  until  the  cord 
lesion  has  become  nearly  complete.  We  have  seen  above  that  the  root 
lesions  generally  manifest  themselves  solely  by  irritative  symptoms, 
and  that  these  are  too  vague  for  a  segmental  diagnosis.  Of  gi-eater 
value  are  the  symptoms  of  lost  radicular  conduction,  especially 
paralyses  and  atrophies  of  the  muscles ;  the  more  so  when  the  case 
has  been  closely  observed  from  its  beginningi  and  when  to  the  root 
sym])toms  are  superadded  those  of  interrupted  conduction  of  the  cord, 
and  both  agree  as  to  the  level  of  the  segment.  But  not  until  the  in- 
terrupted conduction  of  the  cord  has  become  approximately  complete 
do  the  ansesthesisB  and  paralyses  show  themselves  sufficiently  marked 
to  enable  us  to  deduce  the  level  of  the  lesion  from  their  extent.  The 
upi)et  end  of  the  anaesthesia  then  at  once  indicates  to  us  the  upi>er  limit 
of  thecord  lesion,  and  in  like  manner  the  extent  of  the  muscular  ])aral- 
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ysis  enables  us  to  determiDe  directly  by  the  aid  oi  our  table  to  i 
height  the  affectiou  of  the  cord  reaches. 

As  a  rule  we  are  able  to  determioe  only  the  upper  limit  ol  \ 
meningeal  tumor.  This  is  sufficient  for  practical  purposes, ; 
even  a  matter  of  s}>ecial  imi>ortance  iu  every  case  carefully  to  i 
the  highest  segmental  symptoma  iu  the  morbid  picture,  ainoe  < 
rieuce  has  taught  us  that  in  mauy  instances  the  location  of  the  I 
has  been  diagnosed  too  low.  At  the  present  time  we  can 
against  this  error  by  Sherrington's  law  ami  by  the  rules  ap[ibiiuct 
segment  and  root  lesions  enumerated  above.  The  impoasibiHtyJ 
many  cases  at  least,  of  saying  anything  positive  about  the 
limit  of  the  tumors  is  due  to  the  fact  that  in  severe  compreasicmi 
functions  l>elow  it  are  paralyzed,  and  that  therefore  it  is 
terial  how  far  down  a  tumor  may  extend  from  this  jwint  of 
compression.  This  is  especially  the  case  in  the  dorsal  cord,  irh 
the  anesthesia  is  the  same  below  as  at  the  point  of  compressk 
for  atroi>hy  and  electrical  disturbances  cannot  be  demonstmted  i 
separate  intercast^d  muscles.  We  are  more  favorably  placed  i 
reference  t43  tumors  at  the  cervical  and  lumbar  enlargement,  la  tkii 
cases  all  the  muscles  whose  nerve  roots  emerge  directly  at  the  Ida 
of  the  tumor  will  show  flaccid  paralysis,  atrophy,  and  the  reaotioiK 
degeneration,  while  the  muscles  innervated  from  below  the  comp 
sion  are  aflfected  with  a  spastic  pai'esis.  In  favorable 
fore,  we  may  form  a  positive  opinion  regarding  the  entire  lo 
nal  extent  of  the  neoplasm  j  but  we  may  be  hampered  by 
facts:  fimt,  the  roots  often  resist  the  tumors  for  a  long  time; 
when  the  muHcular  paralysis  is  caused  by  the  conl  lesion  at  i 
J  joint  of  compression,  a  distinct  reaction  of  degeneration  majr 
absent;  third,  pains  i>re8ent  even  in  definite  regions  below  the  i 
pressiou  do  not  always  ivrove  that  the  himor  extends  downwarvkb^ 
coiTcsiJonding  level,  for  such  pains  may  also  be  i)rojected  eoceatl 
ally^  from  implicated  central  sensory  pathways  situated  at  a  hi^^MT 
point. 

The  determination  of  the  highest  symptoms  to  be  localized,  ^'^ 
ever,  is  usually  easy  and  practically  this  is,  as  a  rule,  soffidfiit 
Hence  tyiiical  cases  we  have  the  following  facts  for  the  diagu"^''* 
We  have  a  total  paraplegia  usually  spastic,  bat  which  hiirh  up  i^  i^  r- 
haps  atrophic  and  flaccid,  and  a  total  amestl 
above  this  p<nnt  some  iiartial  H3'm|)t'Oms  of  a 
a  root  lesifju  may  be  present,  and  may  indicate 
tends  upwards  above  the  place  of  total  compr 

In  our  previous  remarks  we  have  assigni 
tance,  with  reference  to  the  segmental  diagnt; 
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tumor,  to  the  root  symptoms,  especially  the  pains.  In  this  respect 
we  must  make  some  reservation  particularly  in  tamors  of  the  menin- 
ges. For  if  in  a  special  case  we  find  at  a  certain  level  the  symptoms 
of  a  total  transverse  lesion,  the  pains,  and  especially  also  zones  of 
hypersBsthesia  occnrring  beyond  the  limits  of  the  interrupted  con- 
duction, may  be  of  great  diagnostic  importance,  since  they  may 
point  to  an  involvement  of  the  roots  above  the  total  transverse  le- 
sion, and  constitute  besides  the  highest  segmental  symptoms,  the 
determination  of  which  we  are  most  interested  in.  With  the  fur- 
ther upward  growth  of  the  tumor  they  will  likewise  extend  higher 
and  higher,  while  anaesthesia  has  akeady  set  in  in  the  regions  which 
were  formerly  painful  by  reason  of  the  destruction  of  the  roots 
adjoining  the  point  of  greatest  development  of  the  tumor.  If  we 
find,  for  instance,  in  a  certain  case  total  ansesthesia  as  far  as  the 
region  of  the  fifth  dorsal  segment,  and  hypersesthesia  and  pains  in 
the  fourth,  these  pains  can  no  longer  be  produced  by  an  affection  of 
the  fourth  roots,  because  complete  anesthesia  in  the  region  of  the 
fifth  indicates  total  destruction  of  the  fourth  segment  as  well,  but 
they  point  to  an  affection  of  the  third  or  even  the  second  pair  of 
dorsal  roots.  The  cutaneous  hypersesthesia  is  of  greater  diagnostic 
value  than  the  pains  alone,  for  it  cannot  occur  below  the  point  of  com- 
pression with  eccentrically  projected  pains,  but  always  points  te  a  di- 
rect lesion  of  the  respective  roots.  The  zones  of  hypersesthesia,  ac- 
cording to  Allen  Starr,  take  the  same  form  on  the  extremities  as  the 
cutaneous  regions  of  the  several  roots  which  they  cover;  on  the  upper 
extremities,  for  instance,  they  constitute  small  strips  from  the  shoul- 
der to  the  fingers,  and  require  careful  search  on  account  of  their 
narrowness. 

Individual  variations  may  also  occur  in  the  relations  of  the  several 
spinal  roots,  especially  those  for  the  muscles.  Thus  Eisler  and 
Paterson  have  demonstrated  that  the  fibres  for  the  peroneal  muscles 
aje  usually  given  off  from  the  fourth,  more  rarely  from  the  fifth  lum- 
l>ar  root.  Paterson  speaks  of  the  prefixed  and  postfixed  type,  and 
careful  personal  observations  have  shown  us  that  while  in  most  cases 
the  fibres  for  the  small  hand  muscles  are  derived  from  the  first  dorsal 
and  the  eighth  cervical  segments,  sometimes  the  seventh  cervical  seg- 
ment takes  part  in  the  innervation. 

It  is  obvious  how  important  to  a  segmental  diagnosis  is  the  dem- 
onstration of  a  circumscribed  sensitiveness  of  the  spine  occurring 
with  movements,  particularly  coughing,  or  during  percussion;  this 
finding  will  become  still  more  valuable  when  it  agrees  with  the  con- 
clusions drawn  as  to  the  level  of  the  tumor  from  the  other  examina- 
tion.    In  such  cases,  of  course,  if  an  operation  is  resorted  to,  the 
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trepanation  will  be  made  at  the  sensitiTe  spot.     When  theri?  is  i 
local  sensitiveness  of  the  spine,  we  muj»t  select  for  the  o|)emtiotit 
part  of  the  column  or  that  spinous  process  which  lies  opposite  \ 
upper  limit  of  the  tnmor  as  indicated  bj   the  symptoms.    But  i 
raust  remember  that  the  tip  of  a  8j>iuouB  process  do^  not  cort^p 
with  the  region  of  the  spinal  root  beaiing  the  same  number*  but  ( 
tends  farther  down  (see  jmge  579).     We  would  especially  recall  1 
the  reader  also  the  facts  of  Sherrington's  law.     If  we  fiiid«  for  i 
stance,  in  a  case  of  tumor  the  upper  limit  of  the  aoffistbeeii  ii  | 
cutaneous  region    innervated  mainly  by  the  seventh  dorsal 
the    sixth    dorsal    segment,   according  to  Sherrington,   mtist 
he  destroyed.     The  origin  of  the  sixth  root,  however,  lies  opp 
the  fourth  spinous  process,  where  the  upijer  limit  of  the  tumor  ] 
be  sought  unless  irritative  symiitoms  indicate  a  still  higher  t 
Should  trepanation  be  undertaken  at  the  limit  of  tlie  ansBstheda,  i 
an  unsophisticated  ob86r\'er  might  be  inclined  to  do,  the  op 
would  be  three  or  four  spinous  processes  too  far  down,  and  the  1 
would  possibly  be  out  of  reach. 

Not  much  can  be  said  as  t(3  the  possibility  of  diagnoidiig 
nature  of  a  cord  tumor.     If  the  neoplasm  is  metastatic  its 
ina}^  occasionally  be  positively  determined.     If  the  |>dtient  is  afffl 
with  tuberculosis  and  the  morbid  picture  indicates  multiple  tm 
situated  in  the  cord  tlie  diagnosis  of  tubercle  is  reasonably  cenAm^ 
Otlierwise  sarcoma  and  fibrosarcoma  are  most  fre^juent  in  the  rot*- 
ninges,  glioma  in  the  cord.     Coincident  symptoms  of  a  brain  f 
would  render  multiple  sarcomatosis  of  the  pia  and  arachnoid  , 
able.  I 

Pboqnosib,  m 

The  prognosis  of  a  tumor  of  the  cord  and  its  mouiii;. 
ver\'  grave.     Recovery  is  hardly'  possible,  though  the  proct  - 
arrested;   for  instance,  a  tubercle  or  a  cysticereus  may  bet^^ixit.  v«..- 
fiod.     Otherwise  a  tumor  according  to  its  nature  will  steadily  p^> 
gress  until  it  is  no  longer  compatible  with  life.     The  prognosis  cm 
be,  and  actually  has  been,  materially  improved  by  the  posaibili^-  "^ 
•*.n  ojjerative  removal  of  tlie  neoplasm.     This,  however,  appHes  - 
to  tumors  of  the  meninges ;  those  involving  the  substa*^****  ^^  **»«  '^ 
would  hardly  l^e  subject^i^d  to  an  operation,  even  if 
had  been  made. 

Treatment, 

Modem  mediqllri^^^inde^'^  ud  that  it 

making  the  diugi         ^^Hh  '  ^^^ 
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oertain,  and  in  removing  the  correctly  diagnosticated  tumor  without 
ondaij  endangering  life  and  with  a  prosx)ect  of  cure  or,  at  least, 
arrest  of  the  morbid  process.  This  satisfactory  result  is  to  be 
ascribed  to  the  cooperation  of  the  clinician  with  the  surgeon;  it  is 
rare  to  find  both  qualifications  together  with  those  of  an  eminent 
physiologist  combined  in  one  person  as  in  that  of  Victor  Horsley. 
The  only  tumors  suitable  to  an  operation  are  in  general  those  of  the 
meninges,  but  it  is  of  interest  that  tumors  of  the  meninges  largely 
exceed  in  number  all  the  rest. 

Prognostically  favorable  conditions  for  the  surgical  treatment  of  a 
meningeal  tumor  are  due  to  (1)  the  anatomical  relations  of  this  affec- 
tion; (2)  the  special  pathologico-anatomical  nature  of  the  tumors; 
and  (3)  the  influence  of  the  tumor  upon  the  spinal  cord  proper. 

With  reference  to  (1)  it  should  be  noted  that  the  space  in  which  a 
meningeal  tumor  can  develop  is  small  and  readily  inspected.  Most 
of  these  neoplasms  form  on  one  side  of  the  cord  or  on  its  posterior 
surface  so  that  after  removal  of  the  vertebral  arches  and  opening 
of  the  dura  they  come  at  once  into  view ;  but  even  a  small  tumor  situ- 
ated on  the  anterior  surface  of  the  cord  would  be  likely  to  be  made 
visible  and  accessible  by  the  sacrifice  of  at  most  one  or  two  dorsal 
roots — a  sacrifice  that  will  hardly  be  manifest  clinically. 

With  reference  to  (2)  is  to  be  noted  that  we  have  to  deal  with 
primary  and  in  many  cases  isolated  new  growths  which  do  not  tend 
to  form  metastases.  Moreover,  these  tumors  are  usually  small — in  fact 
they  must  be  so  as  long  as  they  do  not  destroy  the  bone— and  they 
are  generally  only  loosely  adherent,  so  that  they  can  be  readily  and^ 
completely  removed  from  their  matrix.  The  favorable  condition  in- 
herent in  small  size,  it  is  true,  exists  chiefly  in  intradural  tumors; 
extradurally  we  find  flat  tumors  extending  over  a  large  portion  of  the 
longitudinal  axis,  whose  complete  removal  would  necessitate  too  great 
a  resection  of  the  spinal  column.  But  aside  from  such  cases  we  need 
only  look  at  the  illustrations  published  by  Gowers  in  his  text-book 
of  tumors  of  the  spinal  cord  to  recognize  at  once  that  most  of  these 
cases  would  have  been  very  favorable  for  an  operation.  The  asser- 
tion of  Horsley,  however,  which  Allen  Starr  also  repeats,  that  most 
cases  of  spinal  tumor  offer  favorable  opportunities  for  an  operation, 
goes  too  far. 

In  (3),  the  effect  of  the  tumor  upon  the  cord,  we  find  probably 
the  most  favorable  circumstance  as  regards  the  chances  of  an  oper- 
ation for  a  spinal  tumor.  The  compression  of  a  slowly  growing  tumor 
does  not  change  the  true  structure  of  the  cord  io  many  cases ;  in  some 
it  merely  crowds  all  the  elements  of  the  cross  section  into  a  narrower 
space  and  in  others  an  oedema  of  the  cord  results.     In  either  of  the 
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laBt-named  instances  tlie  fuuction  of  the  cord  may  be  loet  dunii^l 
persietence  of  the  compression;   but  as  the  structme  is  pr< 
wlieo  the  pressure  ceases^  eveo  after  years,  the  normal  hmctioni 
be  restored.     In  many  cases,  therefore,  we  may  wait  quietly  until  { 
symptom  complex  has  advaaced  to  complete  transYerse  iuteirup 
of  couduction,  so  that  an  accurate  general  and  fle^mental  di^ 
can  be  made ;  and  in  cases  which  do  not  come  under  observatioD  i 
the  compreBsioD  is  of  long  standing  there  is  still  hopte  that  the 
tiou  will  return  after  the  pressure  is  relieved.     It  does  not  matter  i 
some  single  roots  have  in  the  mean  time  been  definitively  destreya 

In  order  to  make  the  above-mentioned  favorable  eonditiouB  ] 
ticall}-  available,  it  is  of  oonrse  necessary  that  in  every  case  the  i 
nosis  of  a  spinal  tumor  and  its  seat  be  reasonably  certain.  As  1 
have  seen,  the  diagnosis  of  an  obscure  spinal  tumor  is 
probable  by  the  course  and  grouping  of  the  symptoms  presented  I 
the  cord,  and  this  diagnosis  becomes  positive  when  in  the 
parts  of  the  body  neoplasms  are  discovered  which  are  similar  in  I 
nature  to  those  occurring  in  the  spinal  meninges.  Nor  is  it 
sary  that  these  be  true  metastaaes — for  in  that  event  the  certainty  t 
the  diagnosis  would  be  counteracted  by  the  bad  prognosis,  altl 
one  of  Kiimmera  cases  shows  that  even  then  good  results  may  i 
sionally  be  obtained — there  may  be  simply  a  simultaneoos  develop- 
ment of  several  tumors  in  different  regions.  Nothing  more  n€«J  be 
said  here  about  the  segmental  diagnosis,  in  view  of  the  full  discus- 
sion of  the  subject  under  the  head  of  injuries  of  the  spinal  cofA 
^  When  the  above  rules  are  followed  an  erroneous  diagnosis  will  bi 
rare  indeed,  and  in  carefully  observed  cases  the  segmental  diagnoitt 
likewise  will  be  so  positive  as  to  almost  force  us  to  decide  upon  an 
operation.  For  all  these  reasons  it  is  not  sui'prising  that  even  yeii» 
ago  men  of  experience  became  convinced  that  the  surgical  removal  of 
a  spinal  tumor  in  cases  in  which  the  diagnosis  was  positive  was  mflst 
desirable,  and  that  nothing  more  was  needed  than  greater  technic*! 
skill  and  reliable  asepsis  to  furnish  Bueeeesful  results  in  favomWe 
cases.  Ley  den  was  probably  the  first  to  take  this  bold  plan  iniocoor 
sideration,  for  he  said  in  1874,  that  the  only  means  [of  cow] 
would  l^e  extirpation  after  tr©i>anation  of  the  spine,  and  that  such  i 
procedure  would  be  no  less  feasible  than  h 
Ley  den  considered  these  matters  not  only  from 
standijoint,  but  in  a  correctly  diagnosed  case  of 
he  also  weighed  the  chances  of  an  operatioi 
1878 :  ''  VVheu  the  diagnosis  and  the  localizatin 
lutoily  certain,  trepanation  of  the  spine  migh 
successful  result  is  by   no  means  imposa 
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of  tumor  outside  the  dura,  upon  its  posterior  surface."  Gowers 
said  in  1886:  Modem  methods  render  the  opening  of  the  spinal 
canal  much  less  dangerous  than  it  was  formerly,  and  the  removal  of 
a  tumor  of  the  spinal  meninges  must  be  associated  with  less  immediate 
dangers  than  that  of  a  cerebral  tumor."  While  Ley  den  and  Erb  were 
doomed  to  wait  long  for  the  realization  of  their  hope,  that  of  Gowers 
was  soon  fulfilled  in  the  famous  case  obseiTed  by  him  and  Horsley, 
and  which  was  ox)erated  upon  by  the  latter  (1887). 

1.  This  was  the  case  of  a  man  aged  forty-two,  who  began  to  suffer 
in  1884  from  intercostal  pains  under  the  left  scapula,  which  continued 
¥dth  varying  intensity  until  February,  1887.  Later  there  followed 
weakness  and  loss  of  sensibility  of  both  lower  extremities,  then  re- 
tention of  urine.  In  June,  1887,  there  were  paraplegia  and  total  ansBS- 
thesia  as  far  as  the  ensiform  process  (according  to  Head  the  region 
of  the  sixth  and  seventh  dorsal  roots);  at  this  level  and  somewhat 
above  it  severe  radiating  pains  were  found,  hence  corresponding  to  the 
sixth  and  fifth  dorsal  roots ;  a  short  time  prior  to  operation  sensation 
was  abolished  in  the  fifth  intercostal  space  (sixth  dorsal  segment) 
on  both  sides,  and  was  uncertain  on  the  left  side  in  the  fourth  inter- 
costal space,  the  main  region  of  the  fifth  dorsal  root.  Pains  were 
present  in  Uie  distribution  of  the  fifth  and  sixth  dorsal  segments. 
Horsley,  according  to  the  views  then  prevailing,  correctly  referred 
the  highest  segmental  symptoms  of  his  case  to  the  level  of  the  fifth 
dorsal  segment  and  operated  so  as  to  strike  the  upper  margin  of 
this  s^ment.  He  removed  the  fourth,  fifth,  and  sixth  dorsal  arches, 
thus  exposing  the  fifth  dorsal  root  in  its  entire  length.  He  failed 
to  find  the  tumor  there,  but  found  its  lower  limit  at  the  origin  of  the 
fourth  dorsal  root  after  removal  of  the  second  and  third  dorsal  arches 
in  addition,  and  the  upper  limit  which  extended  to  the  third  dorsal 
root  was  not  reached  until  the  first  arch  was  also  taken  away.  The 
tumor  was  a  fibromyxoma  the  size  of  a  fill>ert  and  did  not  involve 
the  cord.  Ten  days  after  the  operation  the  right  leg  could  be  moved, 
after  six  weeks  the  left,  and  finally  the  patient  could  walk  three  miles 
and  passed  his  urine  and  fsBces  without  difficulty.  Horsley  oi)erated 
too  low  because  he  was  not  acquainted  with  Sherrington's  law  as  to 
the  anastomosis  of  the  several  roots,  and  also  because  he  confused 
root  regions  and  intercostal  spaces  with  each  other.  Operating  at 
the  present  day  he  would  have  struck  the  tumor  at  once  without  dif- 
ficulty. In  the  presence  of  complete  anaesthesia  in  the  distribution  of 
the  sixth  dorsal  root  on  both  sides  and  with  considerable  dysses- 
thesia  in  the  fifth  segment,  the  latter  must  have  been  totaUy  and 
the  fourth  or  its  root  materially  injured;  the  pains  in  the  fifth 
dorsal  root  region  then  could  hardly  be  stall  referred  to  a  lesion  of 
the  largely  involved  fourth  root,  but  would  point  to  an  implication  of 
the  third. 

The  sensation  produced  by  this  notable  case  of  Horsley  and  Gowers 
was  a  IftatiTig  one.     One  of  its  effects  above  all  was  that  clinicians  and 
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pbysioIo^stB  eBtleavored  more  and  mora  to  pbioQ  tlwi 
dlaguosiB  OB  a  reliable  foimdation.  Wbat  ha^  beao  done  in  iwoit 
years  in  thiH  reHi|M>ct  in  stated  at  length  in  tlie  diiigoostia  pAft  of  tiiis 
Beetiou  and  in  tbat  on  injuries  of  the  spinal  cord;  here  wa  need  but 
mention  the  names  of  Sherrington,  Head,  Maekeniaet  luid  Thorbttm. 
The  rent  of  the  clinical  symptoms  of  cord  tumore,  tb0 lyMiditinii  of 
tlie  cord  and  its  functions,  paHieularlj  the  tendon  reiAXM  bialow  Urn 
point  of  compresaion,  the  relation  of  the  cord  to  the  tumor*  aud  thm 
pathologifal  anat^miy  of  the  neoplasms  are  stuilieti  with 
care.  Horsley  himself  s<4  a  good  example,  and  not  the  ; 
was  Tendered  by  clinical  obaervations  and  pathohif^ic 
examinations,  espfHHally  in  the  voHeA  subjected  to  of^eraticm  (Brouk 
Allen  Stsirr).  Owing  U>  this  enlar^;em«?nt  of  our  clinical  and  imrtictt- 
larly  our  diagnostic  knowledge  the  nmnWr  of  tumors  thus  Car  oper^ 
ated  upon  has  l)ecx>me  considerable^  and  in  %ipw  of  the  importaBM  ct 
the  subject  it  is  wtirth  while  to  pass  them  briefly  in  review,  Aoooidp 
ing  to  the  literature  at  our  disimsal  the  number  eomprifles 
caaee,  including  that  of  Horsley-Gowers. 

2.  HorHley  (Briti^/t  Malknl  Journal,  \WiK  U.).     Complele  ^ 
plegia   antl    painful    attacks   for    sis   months.      'treiiaiiatioo.      ^thm 
tumor  covered  the  dura  for  a  distance  of  four  inches.     Dastli  biMD 
shock. 

3.  Roy,  189t)  (Chipault).  Paraple^a,  girdle  |iaina,  elo. 
of  the  arches  of  thfi  hiwest  four  dorsal  vertebrtc ;  intradiml 
Ua|)id  imiirovement  after  \\h  removal.  The  sensibility  reiumed, 
the  paralysis  of  tlie  sphincters  diaappeai«d,  ultimately  Uie  patiurt 
couhl  walk  with  the  aid  of  a  cane. 

4.  L*M|nf3r  and  Rehn  ( Nenmhym'htn  OentroBdatt,  1891,  fi.  199), 
Tlie  diagnosis  was  tum*jr  of  the  cuuda  ecjuina.  The  tiriodx«al  •JTiip* 
toms  were  pains,  slight  vf^ical  disturbance,  atrophy  of  ibBquadi 
musi'les,  and  al>ienco  of  tht^  patellar  rt>flcxes.  Aooordiw  lo 
symptoms  the  diagnosis  was  i>erhaps  not  <iuite  certain,  TImi 
tion  showed  a  cavernous  tymi»hangioina  in  the  sacral  caaal.  MftTfc^ 
improvement. 

5.  Fenger,  1890  (Chipault).  One  year  preTioualy  pAinfal  al* 
tacks  in  Uu^  lumbar  regiim.  Three  months  later,  wejikneiiB  of  ib» 
right  leg,  girdle  aensalion  midway  lietween  umbilicus  and  ayiii|4ij8is. 
Subaec|uently  weakness  followed  in  the  left  leg.  Then  Uocsoatittg 
pains  in  the  legs,  constipation,  and  paralysis  of  the  bUdder.  3tiom 
ttie  fourth  rib  complete  loss  of  the  temperature  seuae  and  dimsiuitioa 
of  the  pressure  senae.  Reflexes  increaaed  in  the  lower  nilinmltiMi 
Operation.  The  archee  of  the  fourth  and  fifth  dorsal ' 
removed  and  the  dura  was  incised.  The  oord  was  diatoodtd  hy 
BpinJle-ceUed  sarcoma  situated  in  the  posterior  oolumna,  whieh 
enucleated.  Complete  paraplegia  after  o{)eratiou.  Death  from 
sis  on  the  fourth  day, 

6.  Ramson  and   Anderson   (Bnttsh  Medical  Journal    1891,  IL, 
1144).     Lumbar  pains,  radiating  into  the  legs.     After  foar 
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they  ceased  and  returned  later.  Then  followed  paraplegia,  retention 
of  urine,  ansesthesia  of  the  legs,  paralysis  of  the  rectum,  and  bed- 
sores. Patellar  reflexes  absent.  Operation.  Bemoval  of  the  arches 
of  the  eleTenth  and  twelfth  dorsal,  first  and  second  lumbar  yertebrae. 
The  dura  was  opened  but  nothing  found.  Death  after  three  days. 
Autopsy — in  the  dorsal  muscles  two  echinococcus  cysts,  another  one 
under  the  arches  of  the  tenth  dorsal  yertebra.  (In  this  case  the  oper- 
ation was  too  low,  a  mistake  which  would  not  be  made  now.) 

7.  Pesearolo  (Transactions  of  the  Tenth  International  Congress, 
Berlin,  lY.,  69).  Paraplegia  with  incomplete  yesical  and  rectal 
paralysis  present  twelye  years,  ansBsthesia  reached  to  the  fifth  inter- 
costal space.  Preyious  to  the  paralysis  neuralgias  existed  in  the 
third  to  nfth  intercostal  spaces.  Tendon  reflexes  exaggerated.  Diag- 
nosis, tumor  between  tne  second  and  fifth  dorsal  yertebrse.  The 
arches  of  these  yertebrse  were  remoyed  and  a  tumor  situated  to  the 
left  of  the  cord  was  found  and  extirpated.  The  cord  was  much 
thinned.  As  was  to  be  expected  in  yiew  of  the  long  duration  of  the 
paralysis,  there  was  no  improyement  except  in  the  reflexes. 

8  and  9  are  cases  by  Lichtheim  and  Mikulicz,  which  haye 
thus  far  been  only  yery  briefly  reported  {Deutsche  medicinische 
Wbchenschriftf  1891,  p.  1386).  These  were  two  cases  of  compres- 
sion of  the  cord  by  a  psammoma  of  the  dura  mater.  Both  tumors 
were  remoyed  by  Mikulicz.  In  the  first  case  (operation  on  June  19th, 
1890)  the  tumor  was  at  the  leyel  of  the  ninth  thoracic  yertebra.  The 
X>atient  died  of  sepsis  two  days  after  operation.  In  the  second  case, 
operated  upon  September  25th,  1890,  the  tumor  was  at  the  leyel  of 
the  fourth  thoracic  yertebra.  After  recoyery  from  the  operation  the 
interruption  of  conduction,  which  had  been  total  about  six  months, 
so  diminished  that  the  patient  could  walk  without  the  aid  of  a  cane. 
Some  disturbances  of  sensibility  persisted  in  the  right  leg  with  slight 
ataxia  on  moyement,  also  an  anaesthetic  semicircle  at  the  leyel  of  the 
fourth  rib  around  the  right  half  of  the  thorax,  due  to  a  lesion  of 
one  [?]  posterior  root.     (Eeported  thirteen  mouths  after  opei-ation.) 

10.  Kamson  and  Thomi)son  {British  Medical  Journal^  1894,  I.,  p. 
395).  Locomotiye  engineer,  aged  60  years.  Trembling,  wet- 
ness, stiffness,  and  pains  in  the  legs.  Patellar  reflexes  increased. 
Subsequently  ankle  clonus,  anaesthesia,  inability  to  walk.  Sphincters 
normal.  Girdle  sensation.  The  left  leg  was  weaker  than  the  right; 
both  legs  were  partially  anaesthetic.  Sensitiyeness  along  the  eighth 
and  nini^  dorsal  yertebrae.  Diagnosis,  tumor.  The  arches  of  the 
fifth  to  the  ninth  dorsal  yertebrae  were  remoyed  and  a  tumor  was  found 
at  the  leyel  of  the  eighth  dorsal  root  (round-celled  sarcoma).  Death 
after  three  days. 

11.  Bruns  and  Kredel  {Neurohgisches  Cetitralblaft,  1894,  No.  3 
and  1896,  No.  7;  Archiv  fflr  Psychiatrie  und  Nervenkrankheiteny  Bd. 
XXVUl.,  p.  97).  A  young  woman  began  to  be  affected  in  the  sum- 
mer of  18^  with  pains  in  the  sacrum  and  the  lower  lumbar  spine, 
radiating  into  the  lumbar  distribution  first  of  both  legs,  then  only 
into  that  of  the  right  leg,  and  later  inyolring  also  the  distribution  of 
the  sacral  neryes.  The  painful  period  last^  eighteen  months,  with 
loDg  remissions.  Early  in  1892  paralysis  occurred  in  the  distribution 
of  the  right  peroneal  and  tibial  neryes  (foot  immoyable),  without 
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market!  atrDx>b y  and  without  qualitative  electrical  distiirbftticM  milil 
aututiiii  of  the  same  )  eaj",  Duriiii^  this  time  no  dmttBct  or  eviBD  par- 
tial aDaxKtheHia  coukl  be  iliseovereil  aD^'wbe^e.  The  paioa  OOOlioilML 
A  small  fibi-o8arc*oma  oii  the  right  ear  wad  extirpated*  In  Ulft  iQai* 
met  of  1S92  ihi-  tiii^t  VL\sieal  disturbauoes  set  in.  In  Aogiiil  of  that 
y(*ar  paraph^^ijia  <Kxnirred  rather  stiddeuly,  after  verjr 
symptoiiiH  id  a  ri^^dit  unilateral  leeion.  Li  Septemlier  tli0  j 
extended  iuto  the  tii*Ht  lurabar  region,  with  paralysis,  alrofilir,  and 
reaction  of  degeneration  of  all  leg  inu»ch^8,  at  tirst  predaminatiiiK  in 
the  lumbar  tlirttribiititin.  lE<lema;  eom|dete  vesical  aud  rectal  !•- 
ralysiH.  DiagttoHiH,  tumor  (sarcoma)  adjoiuiug  the  right  std#f  tjf  Ibr 
cortl,  centering  at  the  level  of  the  fourth  or  fifth  lumbar  rout,  but 
extending  an  high  hh  tlie  tii*8t.  Compre«8ioii  of  the  c«:»fd.  Wliil*  a 
caudal  tumor  was  excluikxl»  the  possibility  of  its  ]  mi?*  Imnta 

in  mind  during  the  operation.      We  ditl  not  know  a'  ">»^  that  ta 

total  ana^Nthesiu  in  the  tirnt  lumbar  diBtributiou  tit*'  «loiaii 

rtK)t  nnist  be  involved  in  the  destruction.     On  Octr^lN  i  _  f^  ||ia 

ninth  to  twelfth  dorsal  and  the  fii-nt  lundj^ir  arch<^  went*  remimd* 
The  cord  a] >j reared  very  thick  and  did  not  puleiat(%  but  ♦.-^l'^— »  -l^i^ 
was  found.     The  patient  lived  ftnirteen  mouths  longer.  t%« 

firora  pain  in  the  nt^cond  third  of  thin  i>eriod.     Few    '  ' 

in  the  symptoms,  only  the  jiaius  and  the  limit  of  tli 
uallv  rorte  higher.     Death  in  Dec*eml*er,  18^»3.     At  tl 
lumlmr  cord  and  the  seeoud  and  third  lowi*8t  tlorsji) 
found  changed  to  a  compact  tumor;  in  the  neighlMr 
dorsal  root  thick  tumor  noilules  lay  upon  the  jMist*  ^ 
in  the  anichnoidal  tissue  surrounded  the  entii^e  cord;  al  Iho  lerri  of 
the  eighth  segment  esi>ecia!ly   the  posterior  and  anterv"   '••-4« 
transformed  iut^J  tumor  ncxluies  the  last  remnant**  of  v~ 
followed  as  far  as  the  fourth  dorsal  segment.     Micrcwn 
ation  showed  the  n€*ophism  to  l>e  a  njultipIeHarc^una  i^f 
which  had  involved  the  cord.     In  this  case,  doK[>it^  tht 
Dosis^  success  wtis  not  att^iinable. 

12.  Stinger  and  Krause  (Mfmchner  medicinutcke  IVot-kmrntkrifl^ 
1894,  No.  22).  Tobac»<'o  w*irker,  ft#^l  42  yearn.  Vitilent  paina  oa 
the  left  side  of  the  rhest  present  for  nine  mtujthsa  Admilteil  lii  Hm 
Altona  Hospital  on  Man^h  Gth,  1894.  Of  late,  paitis  hail  aupeamd 
also  on  the  right  side  of  the  chec^t.  Stiff uass  and  e^ildiiaaa  of  toa  I09 
pi^sent  two  weeks ;  walking  had  become  im{X)Bsible  thrro  days  belofa 
admissioQ,  April  10th,  comjik  te  paraplegia  with  imrtial  attalgaaia» 
painful  ginlle  sensatitm.  Pain  on  jiressure  from  the  seveath  In  Um 
tenth  thoracic  vertebra.  The  anaesthesia  on  the  back  exteudi^l  mi  tlie 
left  to  the  seventh,  on  the  right  to  the  tenth  '  vcirtalm,     TsBor 

diagnosed  Ixitween  the  tifth  and  seventh  d*  tabna.     Opataliaa 

April  IBth;  the  artdies  were  removed  from  tlie  fourtli  to  llie  me^nrnth 
dorsal  vertebra  and  tlie  dura  wtis  ojiened.  A  small  tuioor  waa  foaiid 
OB  the  left  side  in  the  region  of  the  sixth  thorm^ic  vertebra.  Tlia 
ooTii  was  flattened  from  the  left.  Death  four  days  after 
Sulxlural  hemorrhage  in  tlie  l>rain,  extending  thenct^  into  thn  eoid.il 

18.  Bruiis    and    Liudemanu     (XeurokMpJiche^    (' 
p.   359,  and   1895,  No.    3;   Anhh  fihl^Hphintrir  > 

heiten,  Bd.  28).     A  young  man,  oi)eruted  upon  for  tumuir  liaroa 


ild  ba 


ifTLvt  diJ^' 


i 


k 


TUMORS  OF  THE  MENINGES  AND  OF  THE  CORD.  653 

doling  the  last  six  months  (teratoma  on  the  vena  cava  in  the  abdom- 
inal cavity,  sarcoma  in  the  supraelancular  fossa,  and  one  on  the  right 
testicle).  Soon  after  the  last  operation  on  April  9th,  1894,  pains 
were  felt  in  the  left  cntaneous  distribution  of  the  third  dorsal  root 
(according  to  Head)  above  the  nipple ;  no  pain  at  first  on  the  right 
side.  Beginning  April  12th  gradual  development  of  paraplegia,  first 
paralysis,  then  ansesthesia,  advancing  from  below  ux)wards ;  followed 
by  Tesical  and  rectal  paralysis,  while  the  pains  in  the  left  third  inter- 
costal space  continued.  When  the  paraplegia  was  complete  (April 
23d)  both  patellar  reflexes  were  lost,  but  the  plantar  reflexes  were 
preserved.  At  that  date  (a  day  before  operation)  total  ansesthesia 
reached  to  the  fourth  dorsal  segment  and  sensation  was  very  uncer- 
tain in  the  third.  Fains  on  bol£  sides  formed  a  belt  around  tiie  chest 
in  the  third  dorsal  Segment  and  were  present  also  in  the  distribution 
of  the  second  dorsal  root  (ulnar  side  of  the  arms) ,  but  no  paralysis 
and  anaesthesia  anywhere  in  the  arms.  Total  paraplegia,  and  paraly- 
sis of  the  bladder  and  rectum.  As  there  was  total  ansesthesia  in  the 
fourth  dorsal  segment  the  lesion  of  the  third  root  was  certain  to  be 
profound  and  to  implicate  considerably  also  the  second  dorsal  seg- 
ment or  its  roots.  The  latter  was  indicated  besides  by  the  blunted 
sensation  in  the  third  dorsal  segment  and  especially  by  the  pains  in 
the  distribution  of  the  second  dorsal  root  in  the  arms.  Fains  had 
been  present  from  the  beginning  in  the  distribution  of  the  third  root 
and  this  was  therefore  probably  directly  involved.  Moreover,  cor- 
responding to  these  roots  the  space  between  the  first  and  second  dor- 
sal spinous  processes  and  the  latter  itself  were  markedly  i)ainful  on 
pressure.  While  the  diagnosis  of  a  tumor  and  its  seat  was  very  easy, 
the  operation  was  undertaken  only  in  compliance  with  the  urgent  re- 
quest of  the  patient  and  his  wife,  since  we  had  evidently  to  deal  with 
a  malignant  metastatic  neoplasm.  Besection  of  the  first  and  second 
dorsal  arches  was  performed.  At  the  upper  margin  of  the  third  dor- 
seJ  root  segment  was  a  flat,  very  vascular,  extradural  tumor  (sarcoma 
of  the  extradural  adipose  tissue),  which  covered  the  entire  posterior 
surface  of  the  cord.  After  removal  of  the  third  and  fourtii  dorsal 
arches  this  tumor  could  be  followed  as  far  as  the  sixth  dorsal  seg- 
ment. It  was  extirpated  as  far  as  feasible.  The  dura  was  not 
opened.  The  patient  died  of  shock  the  same  afternoon.  The  au- 
topsy showed  that  some  small  remnants  of  the  tumor  had  been  left 
above  and  below.  Macroscopic  and  microscopic  examination  of  the 
cord  revealed  total  softening  of  the  third  and  fourth  dorsal  segments, 
diJBTuse  myelitis  at  the  level  of  the  second,  and  scattered  foci  of  de- 
generation with  many  recent  hemorrhages ;  the  first  dorsal  segment 
was  nearly  normal.  Some  diflfuse  myelitis  was  also  present  in  the 
fifth  and  sixth  dorsal  segments.  There  was  nothing  abnormal  in  the 
lumbar  cord  except  degeneration  of  the  lateral  pyramidal  tracts.  In 
view  of  the  findings  in  the  third  and  fourtli  dorsal  segments  func- 
tional restoration  could  hardly  have  been  expected. 

14  and  15  are  cases  bv  Abbe,  of  which  we  have  seen  only  brief 
abstracts  by  Allen  Starr  (Medical  Record,  1889  and  1890).  The  first 
case  was  that  of  an  extradural  tumor  extending  from  the  eighth  to 
the  tenth  dorsal  segment.  The  tumor  was  extirpated ;  the  patient 
recovered  from  the  operation  and  the  paralysis  improved. 
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lu  the  other  cae©  an  extradural  sarconm  was  removed  frooa  the 
eighth  ami  ninth  doi-nal  segmeDte.  Tht3  pniieut  dte<I  on  Uie  miilli 
day  after  the  ojwratioD* 

16.  Starr  and  MeCn«h  {American  Journal  of  the  Medical  Sciemm^ 
June,  1895).  Onnet  with  rather  vague  [laitiH  in  ihe  abdomen  ead 
in  tlie  right  tihoulder.  Gradual  development  of  a  markedly  e] 
paralysia  of  the  lege  and  of  the  abdominal  mascles«  okmic 
anaesthesia  up  to  the  diBtrihntion  of  the  Boventh  dorsal  root  with 
auperimpnwed  zones  of  hyi»er;eHtheftia;  painn  round  about  the  abdiv^ 
men,  likewise  in  the  distribution  of  the  seventh  donial  nial.  No 
vesical  disturbances.  The  extradural  sarcoma  wai*  found  difoelljr 
under  the  arch  of  tlie  fifth  vetrebra;  it  surrounded  the  oiird 
completely,  was  fiat  throughout  and  very  vascular.  It  n 
removed.  No  improvement  followed;  the  patient  died  abcMi  lw> 
weeks  later  of  marasmus. 

17.  The  game  o|)eratorB  (ihldem),  A  few  weeks  previonnly  tlie 
patient  had  been  operated  upon  fur  a  li{)oma  of  the  right  kue«^joiot 
Then  she  l>egau  to  suffer  severe  ihiIus  in  th*^  distriVrntion  tif  tit**  luta* 
bar  plexus,  i.e.,  particularly  at  the  anterior  surface  u(  thii  llugli»« 
AnfBsthesia  was  present  in  the  same  region ;  sensation  wan  ipood  ta 
the  sacral  distribution.  Weakness  of  the  legs  witli  incTomiwl  mM&Mm 
and  spastic  symptoms.  Vesical  disturbances.  Diagnosis,  linomaof 
the  himhar  cord.  At  the  o[ie ration  such  a  tumor  wae  fomia  eitn* 
durally,  corresponding  to  the  upjwr  [mrt  of  the  hirabar  cord,  and  wae 
removed;  an  additional  small  tunwr  was  situated  aboire  it.  Only 
very  slight  improveineot  followed;  the  |»atient  ultimately  died  of 
caries  of  the  upper  dorsal  s[une, 

18.  Stiirr  and  McBumey  (ihufem).  Tul*ercle  on  tb^  outer  aorfaoe 
of  the  dura,  c^irreBjHinding  to  the  upjier  and  tnidiUe  fMirtintia  of  the 
luuibir  enlargement.  The  symptoms  of  spinal  caries  had  been  prmr 
ent  for  a  long  time  In^fore  cord  symptoms  »()fieariHl.  The  esieiit  o( 
the  anmsthesia  pointed  on  the  right  side  to  implicaiioii  of  tbe* 
on  the  left  to  that  of  the  third  lumbar  segment  Spaatie 
of  the  legs;  vesical  disturlxmces.  The  tubercle  was  rt^movrtj.  Great 
imfirovement  of  all  symptimis  to  the  end  of  the  fourth  week;  tkca 
followe<l  acute  gastritis  ami  renewe<l  exaeerlmtion  of  the  mympkmtk 
A  seof>nd  o|>eration  disclosed  atlditional  tuberculous  maaaei  wkick 
could  not  l)e  removed.     The  [witient  died  a  few  months  later* 

19.  Mitchell  Clarke  {Bniin,  1895).  Flaccid  paralyaia,  tiktophs, 
and  electrical  disturbaue'es  in  Ijoth  hands  and  forearma;  paneia  of 
the  muscles  of  ttie  u]>i>er  arm  and  shoulder.  Sriastic  paralyata  of  the 
legs,  with  patellar  and  Achilles  clonus.  YeeicaJ  and  leelat  paralym. 
Sensation  aliolished  on  Ijoth  forearms,  bt^hind  on  the  opjier 
the  trunk  from  the  s^^cnnd  rib  to  the  inguinal  fidd;  st^n^-ittrrn 
on  the  thighs,  but  th<^  lei^s  wer«  anfEtsthetic.  Hyj^ei 
third  to  the  fourth  rib.  No  severe  pains.  Diagn<  . 
lower  portion  of  the  cer\ical  enlargement.  At  this  {loiut  thi* 
tion  disch»sedan  extradunU  endothelioma,  which  wn^  r-t,...w..i 
fuse  hemorrhage.     Death  some  hours  after  ojierati 

9(1   Kiimme]  (ATX^hiv  fitr  klnmrhf  Chirur«ju\  liil. 
181K^  operation  for  a  aacral  aareoma.     In  March,  IHIM,  gr 
ment  of  a  sjjastic  imraplegia.     Hy|ier»esth©tic 
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thoracic  vertebra.  Diagnosis  metastatic  sarcoma.  This,  as  shown  by 
the  oi)eration,  had  sprung  from  the  third  and  fourth  vertebral  bodies 
but  could  not  be  removed.  Marked  improvement.  The  patient  could 
walk  well,  but  the  bladder  remained  paralyzed.  This  was  reidly  a 
tumor  of  the  spinal  column. 

On  reviewing  this  considerable  number  of  ox>erations  for  cord 
tumor  we  cannot  fail  to  recognize  that  the  experience  gained  by  them 
will  certainly  justify  such  surgical  treatment  in  similar  cases.  In 
the  first  place,  the  diagnosis  of  the  tumor  was  correct  in  every  in- 
stance. While  the  objection  may  be  made  that  as  a  rule  ox)erative 
cases  with  erroneous  diagnosis  are  not  likely  to  be  reported,  still  to  the 
best  of  our  knowledge  thus  far  there  has  been  only  one  case— to  be  men- 
tioned hereafter — of  erroneous  diagnosis  which  was  published  with 
commendable  candor ;  and  besides,  this  can  in  no  way  alter  the  fact  that 
nowadays  the  correct  diagnosis  of  a  cord  tumor  is  feasible  in  a  much 
larger  number  of  cases  than  would  have  been  expected  not  long  since. 
And,  what  is  of  equal  imix)rtance  to  an  operation,  in  most  instances 
the  diagnosis  of  the  level  was  successful;  onl^'  in  the  sixth  case 
above  enumerated  was  the  operation  too  low  and  the  tumor  was 
not  found.  If  Horsley  and  Gowers  in  their  case  had  not  been  so 
certain  of  their  diagnosis  that  they  were  not  deterred  by  their  first 
negative  finding  but  looked  higher,  they  would  have  met  the  same 
fate. 

In  18  of  the  20  cases  the  correctly  diagnosed  tumor  was  removed 
during  the  operation ;  in  one  instance  it  was  not  found  because  the 
opening  was  made  too  low ;  in  Bruns'  first  case  (No.  11)  because  it  was 
a  flat  sarcoma  of  the  meninges  which  was  not  recognized  during  the 
operation  and  besides  could  not  have  been  removed.  In  6  of  these 
20  cases  marked  improvement  and  even  recovery  was  attained,  that 
is,  in  exactly  thirty  i)er  cent. ;  in  2  only  very  slight  and  in  one  tem- 
porary improvement  followed.  In  12  cases  death  occurred;  9  soon 
after  operation  by  shock,  after-hemorrhage,  and  sepsis ;  3  at  a  later 
period  by  relapse,  marasmus,  and  extension  of  the  tumor,  which  was 
not  discovered  during  the  operation  (No.  11).  Thirty  per  cent,  of 
cores  or  improvement  is  quite  a  favorable  result  in  a  disease  which 
unless  relieved  by  oi)eration  ine^-itably  ends  in  a  most  painful  death. 
Besides,  death  from  sepsis  will  probably  be  avoidable  and  perhaps 
also  cases  of  fatal  shock  from  hemorrhage  or  prolonged  operation  will 
lessen  in  number.  The  most  important  point  in  improving  the 
prognosis  of  this  operation  is  probably  still  greater  certainty  in  the 
diagnosis,  which  will  enable  us  to  operate  as  early  as  possible,  and 
this  will  doubtless  be  attained,  judging  from  the  experience  of  recent 
years.     In  short,  we  are  not  only  justified  but  morally  obliged  in  every 
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case  of  correctly  lUttgnosetl  tumor  of  the  csord  to  adflM  tlie  | 
to  submit  to  an  operution. 

ThuH  far  we  liave  intentifmally  poiDted  out  eterytliiog  in  {iter 
ail  operation  for  a  cord  tumor.  It  now  becomes  our  dulj  to  pidsA 
ako  tbe  sliadows  of  the  picture  preseuted,  for  the  nuitter  is  In 
no  means  »o  favorable  a8  wiis  lui^umeil  afU^r  the  fir>$t  brilliJiiil  m^ 
suit.  This  is  proved  by  additional  e3tix?rienc<^  and  by  a  perttaal  of 
the  cases  above  enumerated,  and  we  are  forced  to  dtflfi^r  decidodlj 
fi-om  Horsley  and  Allen  Stiirr,  who  assert  that  most  tanKiro  irf  Iba 
cord  may  be  operated  upon  with  a  prot«}>ect  of  success.  Mimv  Jhiimi 
concur  in  nullifying  the  final  practical  result  even  in  carafiil^  ub- 
served  eases.  The  tirst  e>f  these  are  rather  surgical  in  tbt^ir  mtara* 
The  operation  is  always  a  dangerous  one;  it  is  ijenetmling  and  ptn>- 
longed ;  the  loss  of  blood  is  very  great  during  the  mere  dinskifi  ol 
the  loDK  buck  muscles ;  the  hemorrhage  from  the  c*ird  and  tniocir  im 
often  arrested  witii  tiifficulty,  esjiecially  in  tiat  extradural 
(cases  13  and  19).  Moreover,  as  stated  l>efore»  accordijig  lo  the 
recont  olKsenation  of  Chii>ault,  the  oj»eniiig  of  Uie  dura  mod 
eMcape  of  cerebroKpinal  tinid  may  lUrt^ctly  jeofmrdisce  life, 

A  second  factor  against  the  o] aeration  is  that  wbila, 
ab<ive,  in  carefully  observed  and  typical  ciist^  the  diagooaiii  fai 
successfully  made,  it  is  always  a  most  difficult  one.  Ill 
otherwise  favorable  the  diagnosis,  as  we  have  said,  tmi^r  beocMM  pati* 
tive  when  tumors  are  found  in  other  parhfi  of  the  body.  Of 
with  true  metastatic  tumors  tbe  greater  certainty  of  the 
counteracted  by  the  woi'se  pro|pio0is«  and  the  writer  mmil  < 
in  his  second  case  (No,  13  in  the  list)  he  hesitattHJ  long  atid< 
to  operate  only  in  compliance  with  the  urgent  requeut  of  tbe 
and  his  wife.  Since  then  Kiimmers  au^  (No.  2(1)  lum  shiiwtt  mlmk 
gocnl  results  may  be  obtained  even  in  metastatic  castt^p  Mul  Iberaion 
the  oi)eration  must  be  regartleil  as  justitiatile. 

In  the  alisence  of  tumors  in  other  organs  the  diBgnoeia  of  m  etwA 
tumor  may  be  a  very  [>robable  one  but  will  hardly  erer  h%  qidto  «r- 
tain;  for  tbe  case  may  provB  t^i  U3  r)ne  of  carieis  of  tJie  aiiitie,  of  §im* 
pie  myelitisj  or  an  ino|>erable  tumor  of  the  %'ertebral  cotnnm.  Tb# 
case  above  referreil  to,  4 if  an  o| Miration  under  an  ernmixms  diagaofib 
of  a  cord  tumor»  was  that  of  F.  Schultze  and  Pfeifer  and  it  aliciwa 
that  such  a  mistake  may  bapi>en  even  to  experienoed  olaaamra.  Tkm 
diagnosis  was  leased  upon  prolonged  and  relK^llious  fmbm  located  at 
a  definite  spot  and  associateil  with  slight  cord  gymploaia,  but  tto 
tumor  was  discovered  at  the  operation  or  at  the  autofMiT.  Tba 
case  proves  that  it  is  wise  to  defer  tlie  diaf^Qoaia  of  a  QOteiiiligQal  tomcir 
until  the  cord  symptoms  have  Wome  marked;  root  aympfeooia 


( 


tka* 


I 


k 


TUMORS  OF  THE  MENINGES  AND  OF  THE  OOBD.  657 

especiallj  pains,  no  matiier  how  persistent  and  how  strictly  localized, 
do  not  suffice  for  making  this  diagnosis. 

The  segmental  diagnosis  of  a  tomor  is  at  all  events  more  difficult 
than  that,  say,  of  a  trauma.  The  latter  in  general  produces  much 
simpler  conditions;  usuaUy  it  abolishes  function,  at  least  temporarily, 
at  a  definite  transverse  level.  A  tumor  may  never  do  so;  it  may  cause 
merely  a  partial  lesion  which  does  not  admit  of  a  positive  diagnosis 
of  the  level;  or  else  the  symptoms  of  interrupted  conduction  at  a  cer- 
tain point  are  produced  by  the  combined  effect  of  several  tumors  each 
of  which  by  itself  causes  only  a  partial  lesion.  For  this  reason  a 
positive  s^mental  diagnosis  will  be  imi)ossible.  But  even  when  the 
general  and  segmental  diagnosis  of  the  tumor  is  absolutely  correct 
we  may  meet  with  an  unexpected  surprise  during  the  operation,  as  is 
often  the  case  with  brain  tumors.  This  happened,  for  instance,  with 
No.  11  in  the  list,  in  which  the  correctly  diagnosticated  tumor  was  a 
flat  sarcoma  of  the  meninges  that  could  not  be  extirpated  or  even  rec- 
ognized during  the  operation.  Besides,  it  was  a  case  of  multix)le 
tamors — a  condition  only  rarely  discoverable;  if  such  a  diagnosis 
can  be  made>  which  is  most  likely  with  simultaneous  cord  and  brain 
tumors,  an  operation  would  of  course  be  out  of  the  (luestion.  Com- 
plete extirpation  is  also  impossible  in  fiat  extradural  tumors,  as  in 
cases  13  and  19.  Their  length  is  often  so  great  that  their  com- 
plete removal  would  require  the  sacrifice  of  too  much  of  the  spine; 
besides,  their  inferior  limit  is  unfortunately  not  to  be  diagnosed,  as 
a  role. 

Moreover,  although  the  arrested  function  of  the  cord  resulting 
from  pressure  of  a  tumor  is  usually,  as  we  have  seen,  due  to  con- 
ditions capable  of  repair,  such  as  oedema  and  simple  compression, 
still  complete  softening  may  set  in,  as  in  case  13,  so  that  functional 
restoration  will  fail  even  after  the  pressure  is  relieved.  Such 
softening  will  generally  be  ischsemic  or  infiammatory  in  its  na- 
ture. It  cannot  be  diagnosed,  for  a  benign  oedema  in  meningeal 
tumor  may  produce  as  rapid  a  paraplegia  as  an  irreparable  soft- 
ening; a  slowly  developing,  perhaps  at  first  unilateral,  then  bilateral 
paralysis  would  indicate  rather  a  benign  cause  of  the  interrupted 
function. 

Finally,  the  differential  diagnosis  between  a  tumor  of  the  cord  and 
one  of  the  meninges  is  very  difficult  and  usually  impossible.  When 
the  diagnosis  of  a  cord  tumor  is  positively  made  an  oi)eration  will 
probably  be  out  of  the  question,  since  recovery  or  even  improvement 
is  not  to  be  expected  and  the  enucleation  of  the  tumor  from  the  cord 
could  only  make  the  symptoms  worse.  When  the  diagnosis  between 
a  tumor  of  the  cord  and  one  of  the  meninges  is  in  doubt,  and  on 
Vol.  XI. -42 
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fii^eraiiou  a  cH>rd  tumor  in  found,  which  is  shiurply  dfimmrcmted  mod 
has  comi»letely  destrijyed  tbe  cord,  the  best  plan  would  be  to  nmdt 
the  entire  iiortum  of  tht?  tatter.  Additional  njorhtd  syiu|vtoiitfi  will 
not  \m  aiiiHed  thereby,  Iiut  a  further  spread  of  the  tumor  lusd  theooii- 
tinual  retnirrente  of  pains  may  be  preventeiL  Of  eoarae«  owing  to  the 
narrowness  of  the  field  of  oi>eration,  the  recognition  of  the  limits  of  m 
otjnl  tumor  will  always  be  dirtieult. 

These  are  all  *)f  the  diffieulties  which  in  crises  uf  oorreci  dja^Qods 
may  destroy  our  hopes  fur  n  favorablti  result  from  thi5  opaimttolL 
But  none  of  them  shouki  i»revent  us  from  adnsing  an  o|iefmtiiMi  iiB 
every  c^ase  in  which  the  diagncj«is  in  well  foiuided,  Ther  tiii^«  horn* 
ever,  eause  us  not  to  ] tress  the  matter  tin)  urgently.  In  Ibaia  emtm 
as  in  brain  tumors  it  is  the  writer^s  habit>  whenever  gyimrihlgi,  to 
explain  to  the  ]mtient  or  his  relatives  all  the  chances  of  the  Opee^ 
tiou  aud  tliiH  ill  not  U>u  Inipeful  a  strain,  leaving  the  deeiaioQ  la theoL 
It  will  Ix^  a  matter  of  tact  to  give  our  information  in  such  a  wa^  aa  In 
spare  the  i>atieitt  as  much  as  i>ossible.  A  patient  who  sttffera 
will  usually  decide  for  an  ot)eration, 

A  few  words  may  be  added  as  to  the  non-surgical  treatnattt 
cord  tumors,  and  this  is  to  be  diWded  into  two  j^erioda,  Finlv  thai 
l)efore  o|^eration.  This  includes  above  all  an  antisy[>hilitir  ti«al 
ment  and  in  view  of  tlie  fretptency  of  syphilitic  diseaMes  a{  the  oofd 
with  symptoms  resembling  tho^e  of  timiorn  it  shouki  Im  inatitaied  in 
all  oases  in  whicli  the  posaibility  of  infection  or  of  hereiUtary  ayphilia 
is  present.  The  cases  in  which  it  can  be  almolutt^y  excludfid«  aa  ia 
No.  18  of  tbe  list,  will  be  rare,  and  in  these  no  time  will  he 
over  a  course  of  inunctions.  Otherwise,  the  time  devri4«d  to 
syphilitic  tre^itment,  whicii  will  l3e  1>egun  in  tbe  stage  in  whieh  tbe 
diagntmis  is  uncertain  and  nx>t  symptoms  predominaiev  ^^^  ^  uti- 
lized in  perfecting  the  general  and  segmental  diagnoaia  in 
ilirection  by  continued  careful  observation. 

The  second  i»eriod  of  non-surgical  treatment  ooTeia  tba  tim 
unsncceHttfu!  operations,  or  the  whole  eoiuse  of  such  c*aseH  which  can- 
not l>e  o] aerated  upon  eitlier  Ijecause  of  uncertainty  of  the  diaf^iuaia 
or  l)ecause  of  the  refusal  of  the  fmtient*  Its  main  object  ia  the  mill- 
gation  of  the  severe  iiains,  for  which  purpoee  morphine  and  hyumilkm 
should  be  freely  used.  Careful  general  management  ia  aatf-evidwl— 
it  comprises  the  bedding,  cleanlineiis,  supervision  of  tbe  ireeteal  and 
rectal  evacuatiouH.  and  tlie  prevention  of  liedaoree,  Tha  dataila  bain 
been  discu8seil  under  the  head  of  vertebral  tumow. 

The  writer  may  venture  to  make  some  further  remarka,  aUboogb 
they  encroach  upon  Rurgery.     We  have  aeen  that  in  oid^  to 
the  tumor  a  large  number  of  vertebral  arches  most  often  be 


I 


H£HATOMTELIA.  659 

This  is  of  no  consequence  at  the  lumbar  spine  and  particularly  at  the 
sacrum.  At  the  cervical  and  upper  dorsal  spine,  however,  the  mainte- 
nance of  the  head  in  an  erect  position  is  rendered  impossible  by  the 
removal  of  several  vertebral  arches.  For  this  reason  it  is  advisable 
in  every  case  to  try  Urban's  osteoplastic  resection  of  the  vertebral 
arches,  in  which  the  skin,  muscles,  and  bone  remain  in  connection 
and  are  turned  back  to  their  place  after  the  completion  of  the  ox)era- 
tion.  The  latter  of  course  is  thereby  made  much  more  difficult  and 
certainly  will  take  longer  to  i)erform.  Besides,  some  pieces  of  bone 
occasionally  become  necrotic. 

In  case  No.  13  it  was  found  on  microscopical  examination  of  the 
cord  above  the  softened  focus  that  numerous  recent  hemorrhages  had 
occurred  at  this  point  which  was  besides  no  longer  sound.  As  most 
of  the  hammering  and  chiselling  during  the  opening  of  the  spine  was 
done  opposite  this  region,  there  is  no  doubt  that  these  hemorrhages 
were  due  to  the  operation.  As  such  hemorrhages  are  far  from  harm- 
less it  will  behoove  surgeons  to  avoid  them  by  employing  milder 
methods  of  operation. 

The  trepanation  must  always  be  i)erformed  upon  the  arch  corre- 
sponding to  the  segment  in  which  the  highest  symptoms  are  to  be 
localized.  As  a  rule  the  tumor  will  be  found  at  this  point;  if  not, 
we  must  go  farther  down;  possibly,  however,  another  higher  arch 
may  also  be  sacrificed. 

HiEMATOMTELIA. 

Definition. 

In  this  place  we  shall  speak  only  of  the  primary  hemorrhages 
into  the  substance  of  the  spinal  cord  (spinal  apoplexy),  which  are 
the  result  of  injury  to  one  or  more  of  the  small  vessels  of  the  cord. 
We  do  not  of  course  take  in  consideration  whether  these  vessels  were 
previously  perfectly  healthy  or  were  aflfected  by  arteriosclerosis,  or 
whether  a  congenital  (h8Bmatoi)hilia)  or  acquired  (scorbutus)  hemor- 
rhagic diathesis  of  the  individual  previously  existed.  Secondary 
hemorrhages  in  cases  of  tumor,  especially  glioma,  or  of  diflfuse  mye- 
litis or  i)oliomyelitis  are  excluded.  A  red  softening  may  also  occur 
in  thrombosis  of  the  blood-vessels  of  the  spinal  cord  in  the  area  of 
these  vessels.  This  disease,  the  frequent  occurrence  of  which  has  until 
lately  been  underestimated,  was  formerly  looked  upon  generally  as  a 
hemorrhagic  form  of  myelitis.  These  cases,  however,  do  not  belong 
to  hemorrhages  proper  of  the  spinal  cord. 
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Our  knowledge  of  spinal  apt>]ilexy  dates  slb  far  back  as  the 
anatomicopathological  Btudies  of  the  spinal  cord.  For  a  long 
no  sharp  distinction  was  made,  and  cases  of  hemorrhage  in 
as  weU  as  in  inflammation  and  thrombotic  softening  were 
together  with  primary  hfiematomyelia.  When,  however,  it  wia 
covered,  especially  through  the  researches  of  Charcot,  Hayem^ 
Koester,  that  a  great  numlier  of  crises  which  up  to  that  time  ha  t 
looked  upon  as  x>rimary  hemorrhages,  were  really  secondarv  L 
rhages  originating  in  true  or  supposed  cases  of  myelitis,  H 
went  so  far  as  to  deny  the  occun'ence  of  primary  hemorrhages  o( 
medulla;  according  to  his  view,  hemorrhage  into  the  cord 
only  as  a  result  of  inflammatory  processes.  This  opinion  c«5uld 
entertained  only  because  at  that  time  myelitis  was  considered  ol 
fre^juent  occurrence  than  it  really  is,  the  softening  of  the  spin*! 
which  is  not  infrequently  due  to  thrombowis,  and  in  which  iro 
course  frequently  meet  with  blood  extravasation,  Ijeing  lookal  n] 
as  a  true  myelitis;  and  furthermore,  the  symptoms  of  reaction  w\ 
preHpnt  themselves  in  tlie  neighborhood  of  primary^  blood  extmi 
tioiis  were  also  regarded  as  evidences  of  a  primary  inflammation. 

In  addition  to  all  these  sources  of  eiTor  Hayem  neglected  enti] 
the  primary  traumatic  hemorrhages  and  those  oc<;iirring  in  arlej 
sclerosis,  notwithstanding  that  liionvitle  and  Goldammer  had 
tivel^v  demonstrated  the  presence  of  the  latter.     The  greater  w 
of  later  authors,  especially  Leyden  and  Erb,  have  always 
the  fact  of  primary  hemorrhage  of  the  cortl,  although  they  may  haij 
regarded  it  as  of  rare  occurrence.     As  concerns  our  knowledge  of 
matic  hiematom\'elia  we  are  particularly  indebted  to  Minor, 


EUDLOOT. 

A  liemorrliftge  of  the  spinal  cord,  analogous  to  the  common  i 
of  rarobnil  apoplexy,  is  undoubtedly  of  rare  occurrence,     Aswti 
uiii  able  to  assume  that  the  arteriosclerosis,  which  is  so  freqii 
present,  stops  short  at  the  spinal  cord   {on  the  contrary 
fiiniid  (]uite  marked  in  the  spinal  cord  in  old  age);  as 
miliary  aueurysras,  which  are  regarded  by  Charcot 
special  im]>ortanc<^  in  the  genesis  of  apoTiL 
the  spinal  cord,  the  infrequency  o^ 
must  be  attributed  to  other 
pressure  was  rarel\'  as  hi 
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ooniit  of  their  tortuosity  and  length,  as  in  the  cerebral  arteries.  We 
nevertheless  do  meet,  even  if  rarely,  with  hemorrhages  of  the  spinal 
cord,  of  sufficient  extent  to  cause  distinct  symptoms,  as  the  result  of 
a  spontaneous  rupture  of  blood-vessels  affected  by  arteriosclerosis; 
smaller  miliary  hemorrhages  are  in  all  probability  not  so  very  rare. 

It  was  formerly  supposed  that  other  lesions  depending  on  vascu- 
lar disease  were  more  rarely  met  with  in  the  spinal  cord  than  in 
the  brain.  This  may  be  true  of  embolism,  but  thrombosis  occurs 
much  more  frequently  than  was  formerly  believed,  although  it  cer- 
tainly is  less  common  than  thrombosis  of  the  cerebral  blood-vessels. 
Whether  nephritis,  which  more  frequently  leads  to  changes  in  the 
heart  and  blood-vessels  in  the  young,  may  also  be  a  cause  of  hemor- 
rhage in  the  spinal  cord,  is  not  yet  positively  determined.  It  is  very 
probable  that  spinal  hemorrhage  occurs  in  cases  of  scurvy  and  of 
purpura  hsemorrhagica. 

The  most  important  cause  of  a  pure  uncomplicated  and  primary 
h»matomyelia  is  undoubtedly  traumatism.  According  to  Oppen- 
heim  this  is  the  cause  of  hemorrhage  of  the  spinal  cord  in  nine-tenths 
of  the  cases.  Cases  of  severe  destruction  of  the  spine  and  of  the 
spinal  cord  in  which  hemorrhage  is  only  an  accidental  factor  need 
not,  of  course,  be  considered  here.  We  are  concerned  chiefly  with 
those  cases  of  injury  to  the  back  which  are  not  of  sufficient  severity 
to  cause  a  fracture  or  dislocation  of  the  vertebrae,  but  as  a  result  of 
which  hemorrhage  has  taken  place  into  the  tissues  of  the  spinal  cord ; 
this  occurs  in  cases  of  violent  blows  on  the  back,  of  falls  on  the 
head,  on  the  buttock,  or  on  the  feet,  or  even  of  forcible  bending  of 
the  spine  to  one  or  the  other  side.  Quite  frequently  a  bending  of 
the  spine  and  of  the  cord  at  about  the  junction  of  the  cervical  and 
dorsal  cord  is  produced  by  a  fall  on  the  head;  the  spinal  cord  is 
here  strained  and  hemorrhage  occurs  at  the  spot  which  receives  the 
greatest  strain,  leading  to  a  destruction  of  the  cord  without  any  evident 
lesion  of  the  spine.  A  sx>ecial  cause  of  multiple  and  extensive  hemor- 
rhages came  under  the  writer's  observation  in  a  case  of  tumor  of  the 
spinal  cord.  In  this  case  the  hemorrhage  was  obviously  produced  by 
the  concussion  to  which  the  cord,  of  course  i>reviously  diseased,  was 
subjected  in  the  process  of  opening  the  spinal  canal  in  order  to  remove 
a  tumor. 

Many  minor  causes,  which  it  is  rather  straining  a  point  to  class 
with  traumata,  have  given  rise  under  certain  circumstances  to  hemor- 
rhage of  the  spinal  cord.  Among  these  the  most  frequent  is  perhaps 
the  lifting  of  a  heavy  weight  on  the  shoulders.  Opi)enheim  men- 
tions other  cases,  for  example,  a  soldier  drilling  with  a  rifle,  and  a 
person  possessed  of  considerable  strength  who  tried  to  break  a  piece 
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of  wocmI  with  his  feet.  OowerB  m*^ntioii«  the  occurreiioe  dl  b| 
ajioiilexy  after  i^oitus  practiced  four  times  at  brief  iotenrmlli.  tim 
hemorrhage  occurring  duriog  tlie  fourth  act.  It  m  probable  tlial  soch 
Hb'ght  causes  can  prmlnce  a  hemorrhage  oulv  in  caae  (»f  dJMMe 
brittleness  of  the  blnfKl-ve8.sel8  or  of  the  hemorrhagic  diathesifl* 

We  may  furthermore  mention  that  suppression  of  the  meiiBi 
of  a  hemorrhoicUl  flux  in  nnUi  to  have  l>eeu  the  eaiuieof  spfaoal 
plexv.  From  the  pre|K)iiileniiire  of  traumatism  in  tb€  MtAo§^  vi 
hemorrhage  of  the  apinal  con!  it  ia  very  natural  that  it  should  noesr 
much  more  frcM^ueiitly  in  men  than  in  women,  and  witli  special  b^ 
queney  during  the  moBt  rubunt  periixl  of  life. 

Pathological  Akatoht, 

Hemorrhage  into  the  tissues  of  the  spinal  cord  showfi  a  marfcikd 
preference  for  the  gray  matter.  In  tliifi  h)cation  it  mair  ioTolfte  Um 
whole  cross  section  of  the  anterior  and  ^joaterior  homa  or  onlj  Urn 
anterior  horns,  or  even  only  one  anterior  or  one  ponterior  bon* 
Typical  cancrt  of  the  latter  are  described  by  Minor.  In  the  wliil» 
matter  the  liomtirrhage  occurs  by  preference  in  the  postf*rior  coi« 
and  est^H^ially  in  the  connective*tissue  septa  of  tht>  latter;  in  tlie  i 
vie^l  cord  in  the  ^ulcas  intermediolateralis.  Both  fioinlH  of 
lection  are  baned  on  the  fact  that  the  gray  matter  and  thiB  abciiii^ 
mentioned  septa  contain  the  greater  numljcr  and  alim  the  IaikmI 
blitml- vessels,  and  that  the  tissue  of  the  gray  matter  in  loati^  tluui 
that  of  the  white  matter.  The  extent  of  the  hemorrhags  blsfBUy 
is  usually  limited,  but  it  ia  for  that  reason  greater  in  a  loDKttedi* 
nal  direction.  In  extreme  cases  the  hemorrhage  may  involw  th» 
whole  length  of  the  gray  anterior  and  posterior  columna  (the  i 
tubular  hemorrhage),  but  usually  it  extends  over  only  a  Umi 
As  a  general  rule,  a  Iiemorrhage  in  the  cervical  or  lumbar 
ment  taken  plme  more  readily  than  one  in  the  dttrnal  regtoti* 

If  we  hx>k  at  a  npinid  cord  into  which  a  hemorrhage  baa  maeollr 
taken  i>lace,  tlie  bloixl  clot  may  often  be  visiVjle  through  the  matTomJ^ 
lug  Ahite  matter,  as  a  mass  of  a  bkiish-re<l  color;  in  aev«ra  cmaai 
of  80H3aUed  tubular  hemorrhage  the  whole  spinal  con!  may  fonxi  t^olf 
a  tliin-walled  sac  surrounding  the  blcK^d  clot  The  cotd  ia  Useo 
somewhat  increasetl  in  diameter*  On  cross  section  the  Uood  dni 
is  seen  to  be  made  up  of  red  blood  c/>rpttscle«  and  the  remaina  of 
nerve  tissue.  If  we  examine  recent  cross  sections  mieraaoofnaallT^, 
we  notice  that  the  blood  clot  does  not  stand  out  in  relief  ftam  tba 
healthy  tissue  with  i^erfectly  well-defined  Ixirdera,  but  in 
qoenco  of  the  effusion  as  well  as  of  the  aooompaiyrilig 
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find  more  or  less  destruction  of  the  nerve  substance.  This  de- 
stmction  was  formerly  designated  as  secondary  myelitis,  which  is 
not  altogether  correct.  If  the  clot  is  somewhat  older,  we  shall  find 
the  blood  corpuscles  in  all  stages  of  disintegration  and  destruction; 
free  coloring  matter  of  the  blood  will  be  found  abundantly,  and 
along  with  it  broken  portions  of  the  cord,  as  well  as  free  myelin 
and  granular  cells.  The  granular  cells  are  found  more  especially  in 
the  immediate  neighborhood  of  the  clot,  but  there  is  also  seen  here 
a  hyperplasia  of  the  neuroglia,  and  especially  an  increase  in  the 
number  of  blood-vessels.  In  the  case  of  very  small  clots  cicatricial 
tissue  may  be  formed,  whose  origin  in  a  hemorrhage  may  be  recog- 
nized only  by  its  richness  in  pigment  granules  and  especially  in 
h»matoidin.  More  frequently,  especially  after  a  large  hemorrhage, 
the  blood  may  be  dried  up  into  a  crumbling  mass,  or  else  it  becomes 
more  and  more  fiuid.  In  a  very  few  cases  only  does  absorption  pro- 
gress so  far  as  to  le^ve  behind  simply  a  serous  cyst,  such  as  we  so  fre- 
quently find  after  cerebral  hemorrhage ;  this  cyst  is  then  enclosed  in  a 
capsule  of  more  or  less  firm  connective  tissue.  The  unimportant 
changes  in  the  neighborhood  of  the  clot  itself  usually  disappear  alto- 
gether. Quite  frequently  we  find  long  cracks  or  hollow  tubes  in  the 
spinal  cord  after  a  hsematomyelia,  especially  in  traumatic  cases;  they 
may  gradually  extend  upwards  to  a  great  distance  from  the  blood  clot. 
These  are  found  most  frequently  at  the  root  of  the  posterior  horns. 
Later  on  they  may  be  filled  with  serum ;  their  walls  are  formed  by  an 
increased  growth  of  the  glia^  which  is  usually  completely  filled  with 
granular  cells.  It  was  formerly  believed  that  these  were  always 
caused  by  hemorrhages,  but  we  now  know  that  they  may  also  be  pro- 
duced by  a  long-continued  necrosis  due  to  traumatism,  after  the 
necrotic  portion  has  been  absorbed.  The  proof  of  this  is  furnished 
by  those  cases  in  which  the  necrotic  plugs  are  still  to  be  seen  loosely 
filling  the  tube.  These  tubes  and  fissures  remind  one  very  much  of 
syringomyelia,  and  it  has  been  contended  that  the  latter  affection 
may  so  arise.  Secondary  ascending  and  descending  degeneration 
may  be  met  with  when  the  white  matter  is  extensively  invaded.  It 
goes  without  saying  that  the  peripheral  nerves  and  muscles  depend- 
ent on  the  destroyed  segments  also  become  degenerated. 

In  recent  cases,  in  which  we  find  the  clot  composed  wholly  of  red 
blood  corpuscles,  the  diagnosis  is  probably  easy.  Later  on,  how- 
ever, when  the  blood  corpuscles  commence  to  disintegrate,  when 
granular  cells  are  found  in  the  clot,  when  the  neighboring  parts  are 
plainly  breaking  down,  and  when  hyperplasia  of  the  glia  and  bl(K>d- 
vessels  has  appeared,  the  differentiation  from  myelitis  may  be  very 
difScult.     In  its  more  minute  histological  appearances  a  "^  myelitic" 
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clot  is  hardly  distingniBlLable  from  a  contusiou  and  hemonhaee  < 
the  cord.     Mneh  more  difficult  still  may  be  the  differential 
sis  from  thnimbotie  softeniog ;  and  evea  in  glioma  with  hemo 
the  demonstratioD  of  a  neoplasm,  which  occasionally  occupies  oolrl 
narriDw  border  around  the  clot,  is  not  always  an  easy  matter;  i 
quently,  therefore,  we  have  to  rely  upon  a  history  of  the  app 
of  the  disease  immediately  after  a  traumatism  in  order  to 
the  diagnosis, 

Syjotoms  and  Course. 

The  symptoms  of  htematomyelia  in  the  beginning  are  those  i 
suddeiij  usually  lightmng-like,  interruption  of  conduction  in  a  ^ 
segment  of  the  cord.     It  is  only  rarely  that  the  paral^'sis  i 
an  appreciable  time  (a  few  minutes  to  half  an  hour)  in  attaining  i 
full  extent;   during  this  time  violent  pain  is  usually  felt.    Li  i 
most  aggravated  cases  of  extensive  tubular  hemorrhage  the  hi© 
may  last  a  numl^er  of  days,  and  during  the  same  length  of  time 
ralysis  will  gradually  extend,  usually  from  below  upwards. 

The  extent  of  the  symptoms  dejiends  of  course  upon  the  Bot  i 
the  hemorrhage.  WTien  this  is  in  the  cervical  and  upper  doisal  < 
the  arms,  legs,  and  trunk  are  paralyzed,  the  arms  frequently,  1 
ever,  only  i»artially.  In  the  arms  alone,  atrophy  of  the  moflcles  i 
eompanied  by  the  reactions  of  degeneration  will  soon  make  ite  \ 
pearancG,  while  the  nutrition  of  the  muscles  will  be  but  little  \ 
in  the  trunk  and  the  legs.  Sensation  is  aliolished  up  to  the  lef«ll 
the  area  Hupplied  by  nerves  arising  from  the  affected  segment  of  1 
spinal  cord.  The  tendon  and  skin  reflexes  are  abolished  doiiiigl 
first  few  days,  but  later  the  tendon  reflexes  generally  become  * 
gerated,  as  the  totfil  interruption  of  conduction  in  the  affected  i 
ment  is  only  rarely  permanent.  As  regards  the  bladder*  retention  I 
urine  is  at  fir.'^t  presfent,  later  there  is  difliculty  in  micturition  or  < 
ischuria  paradoxa.  Tlie  sphincter  ani  is  paralyssed,  but  thew  i 
usually  pronounced  eostiveness,  so  that  Sf tiling  with  ffleeeB 
oecui-s.  If  tlie  seat  of  the  lesion  is  in  the  upper  portion  of  the  i 
cord,  a  unilateral  or  bilateral  conti^action  of  the  jiupil  and  narrowiDgi 
the  paljiebral  fissure  may  also  lie  noted.  Occ^mionally  priapism  ii 
l>ro8ent.  If  the  hemorrhage  has  its  seat  in  the  dorsal  re'"*'^-  ^  *^ 
cord,  the  s\inptoms  are  the  same,  paralysis  and  sAt 
muHcles  of  the  arm  only  being  absent.  Wlien  the  seat 
is  in  the  lumbar  region,  the  lower  extremities  alone  <* 
anesthetic.  The  muscl* 
present  atrophy  and 
reflexes  are  usuallv 
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will  be  pennanent  incontinence  of  urine,  the  sphincter  vesicae  being 
able  to  retain  only  a  small  quantity  of  urine.  As  a  general  rule 
impotence  is  present.  The  most  varied  grouping  of  paralysis  and 
annstheeia  may  also  be  present  in  apoplexy  in  the  lumbar  cord, 
according  to  the  extent  of  the  hemorrhage.  For  a  more  detailed 
account  of  the  symptoms  in  cases  of  hemorrhage  into  the  different 
segments  the  reader  is  referred  to  the  section  on  injuries  of  the  spinal 
cord.  In  hemorrhage  into  the  conus  meduUaris  we  find  paralysis 
of  the  bladder  and  rectum,  impotence,  and  ansesthesia  of  the  perineal 
region,  the  anus,  and  the  genital  organs,  occasionally  also  of  the  pos- 
terior surface  of  the  thigh. 

The  occurrence  of  trophic  disturbances,  especially  bedsores,  in 
the  area  of  auBesthesia,  and  of  disturbances  of  the  function  of  the 
bladder,  x)erhaps  followed  by  cystitis  and  nephritis,  is  common  to  all 
severe  cases.  As  a  rule  the  temperature  of  the  skin  is  somewhat 
raised  in  the  paralyzed  limbs;  perspiration  is  abolished  in  the  part. 

In  the  worst  cases  death  may  occur  from  a  spreading  of  the 
hemorrhage  so  as  to  involve  the  nuclei  of  the  phrenic  nerve,  or  from 
grave  complications.  In  very  rare  cases  it  will  occur  a  few  minutes 
after  the  advent  of  the  hemorrhage,  which  in  such  case  is,  of  course, 
very  extensive.  As  a  rule  the  symptoms  of  a  total  transverse  lesion, 
which  are  partly  due  to  pressure  by  the  clot  or  oedema  in  its  vicinity, 
very  rapidly  disappear  again.  The  functions  of  the  bladder  and 
rectum  again  return,  the  bedsores  heal,  and  the  paralysis  is  limited 
mainly  to  the  most  gravely  affected  parts,  in  which  it  is  then,  how- 
ever, x>ermanently  established.  This  i^eriod  of  convalescence  may 
continue  a  variable  length  of  time,  according  to  the  size  of  the  clot. 
Those  muscles  which  remain  x)ermanently  paralyzed,  as  a  rule  rapidly 
become  atrophied  and  soon  present  complete  rea(;tion  of  degeneration, 
and  after  a  time  electrical  irritability  is  altogether  lost  in  them. 

Owing  to  the  preference  of  the  hemorrhage  for  the  gray  matter, 
when  it  is  situated  in  the  cervical  region  of  the  cord,  a  more  or  less 
extensive  atrophic  paralysis  of  the  arms  remains ;  if  it  is  situated  in 
the  lumbar  region  of  the  cord  one  of  the  lower  extremities  will  remain 
paralyzed.  If  the  posterior  horns,  as  is  usually  the  case,  are  also 
involved,  there  remains  a  permanent  disturbance  of  sensation — some- 
times only  a  partial  one  for  pain  and  temperature. 

In  unilateral  hemorrhage,  the  picture  of  Brown-Sequard's  pa- 
ralysis may  be  present,  as  has  been  observed  by  Minor ;  this  con- 
sists in  atrophy  and  paralysis  of  one  arm  and  spastic  paralysis  of 
the  lower  extremity  of  the  same  side,  and  on  the  opposite  side  a  loss 
of  the  temx)erature  and  pain  sense;  in  that  case  the  symptoms  re- 
mind one  very  much  of  syringomyelia.     If  the  destiuction  is  con- 
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fined  to  Due  anterior  horn,  tkere  mny  also  ret^uU  m  pujr©  atroiihie 
Ijaralyais  of  tbe  extromity  in  question,  without  any  di^turimiice  nC 
sensatiou  whatever;  if  it  is  contineti  to  the  pogtarior  honi^  bat  in* 
Tolve^  a  great  extent  of  it,  a  hemiant^stheBia  for  the  aeosAlioEift  al 
tempenitiire  and  pain  alone  may  result. 

When  the  hemorrhage  is  small  and  its  action  an  the  Beigikl] 
parta  is  slight,  the  paralysis  may  be  partial  from  the  beginning. 
in  that  case  the  Bubsecpient  imfirovement  will  not  be  ao  marked  a« 
after  total  imralysis.     There  may  also  be  [ireaent  from  tbe  1 
a  very  extensive  bnt  ioeomplete  yiaralysis — a  paraiiii.     Onlj  in 
most  severe  eases  of  traiimatism  is  the  total  iutemniiition  cif 
tion  in  the  cord  a  i>ermanent  one. 


Diagnosis, 

The  diagnosis  is  easily  made  in  those  case«  in  which  Ifae  etiO*> 
Ingical  faotors  are  characteristic  and  the  beginning  and  fniihareoime 
of  the  disea8<^  are  typical.  Should  a  sudden  grave  paraJjfaiflto  #^ 
pecially  a  paraph^gia,  occur  after  the  recaption  of  an  injnryt  eii|M^ 
cially  of  the  si>inal  column,  in  a  previonsly  healthy  indindnal,  and 
shouhl  it  again  disappear  in  the  manner  above  described,  ao  thai 
finally  the  symptoms  of  only  a  circumsi*rilxHl  li^ion  reaain,  the 
diagnosis  may  then  be  made  with  eei*tainty.  It  l^eeomen  diffirtili  al 
once»  hfiwever,  whi*n  all  these  factn  are  not  in  accord,  or  whan  the 
}>revious  history  is  defective,  and  we  are  in  the  preaenoe  ol  the  fina^^A 
stage  of  the  process.  It  is  also  more  difficult  if  the  aympAoma  poiri^^l 
from  the  outset  to  a  partial  lesion  t>f  the  coni. 

The  differentiation  of  a  hemorrhage  into  the  tissiif<«i  of  Uitt  ivpinal 
cord  from  one  into  the  membranes,  the  so-called  hiematorrbaehi%  ia 
very  difiitMdt,  and  in  th^  U^ginuiug  (|nitp  im|H)6sible.  Tliia  oui  ba 
readily  underst^KHl^  since  a  combination  of  both  forma  of  Iteniotrrhai^ 
will  very  probably  oocrur  after  a  severe  trauma.  In  cantradiatinctiriii 
to  hfematomyelia,  the  marked  excentric  pains  i&nd  thnaa  of 
the  hyi»enesthe8ias,  and  the  stiffness  t»f  tlie  spine  are 
hiemaiorrhachis ;  on  the  other  band,  in  this  affection  disturbanc^ea  <if 
the  bladder  are  usually  al>sent,  the  imralyses  and  ••apeciaUj  tha 
hypeneBtbeeiaa  are  less  markeil,  and  the  atrophy  is  by  nn  meaca  com' 
plete.  Finally,  perfect  recovery  usually  resulta  in  hismatonliadaia* 
but  not  in  hiematoniyelia. 

The  differentiation  from  ac*ute  myelitza  may  be  diffienlL 
it  is  tme,  is  of  very  infreciueut  oociirrenee,  and  paralyaaa  firobaUy 
never  makes  its  appearance  as  rapidly  as  in  hsmatomyalia*    Ab  a 
rale  also  pr<Klromes  are  present,  such  as  pain,  apaauMb  eta* ;  tiie  oe- 
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cnxrence  of  fever  also  points  to  a  myelitis.  True  myelitis  usually 
oocors  after  infectious  diseases  or  after  poisoning;  bsematomyelia 
follows  a  traumatism.  Improvement  after  a  hemorrhage  is  more 
rapid  and  extends  further  than  in  myelitis. 

Extensive  softening  of  the  cord  due  to  the  presence  of  a  thrombus 
may,  under  certain  circumstances,  occur  as  rapidly  as  in  the  case  of 
actual  hemorrhage.  As  a  rule,  however,  slight  premonitory  signs 
are  present  in  this  case,  and  there  is  no  history  of  traumatism  as  an 
etiological  factor;  the  thrombosis  is  commonly  due  to  a  syphilitic 
disease  of  the  blood-vessels. 

Poliomyelitis  in  the  adult  is  usually  initiated  by  a  violent  febrile 
movement,  and  its  symptoms  soon  point  to  a  number  of  foci  of  disease; 
as  a  rule  some  infectious  disease  has  produceddt.  Cases  of  hsemato- 
myelia  the  previous  history  of  which  is  uilknown  and  which  have  run 
their  course  may  be  mistaken  for  the  remains  of  an  infantile  spinal 
I>aralysis,  when  atrophic  paralysis  alone,  without  any  sensory  disturb- 
ance, is  present. 

As  we  have  already  seen,  the  picture  of  a  hsematomyelia  which 
has  run  its  course  may  very  closely  simulate  a  syringomyelia.  The 
distinction  between  the  two  is  rendered  even  more  difficult  by  the 
fact  that  traumatism  plays  an  important  role  in  the  etiology  of 
syringomyelia,  and  that  a  true  syringomyelia,  according  to  Minor, 
may  result  from  a  hemorrhage  in  the  spinal  cord.  The  progressive 
course  of  syringomyelia  is  of  diagnostic  value.  * 

If  the  symptom  complex  consists  only  in  a  partial  hemiansBS- 
thesia,  it  would  be  necessary  to  differentiate  a  hsematomyelia  from 
hysteria.  Here  a  history  of  paraplegia  accompanied  by  bladder  dis- 
turbance, and  possibly  decubitus  in  the  early  course  of  the  disease, 
would  decide  in  favor  of  hsematomyelia.^ 

Pbognosis. 

The  prognosis  of  hsematomyelia  was  considered  bad  in  former 
times  when  cases  of  foudroyant  myelitis  and  of  progressive  or  relaps- 
ing thrombotic  softening  were  not  shai-ply  differentiated  from  it.  It 
was  thought  then  that  death  was  the  usual  result  of  a  hemorrhage  in 
the  spinal  cord.  At  the  present  time,  the  prognosis  quoad  mtam  is 
quite  favorable ;  when  death  occurs  it  is  either  during  the  very  first 
stage,  with  terrible  suddenness,  or  else  during  the  first  few  weeks  from 
grave  complications.  A  fatal  termination  is  naturally  most  frequent 
in  cases  of  severe  hemorrhages  involving  the  entire  thickness  of  the 
spinal  cord,  and  also  when  tlie  seat  of  the  hemorrhage  is  in  the  cer- 
vical or  lumbar  portion  of  the  cord. 
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After  the  first  few  weeks  have  been  safely  passed  dealli 
occurs,  but  neither  dtTes  perfect  recovery ;  the  care  is  always 
imiiial  one  and  more  or  less  marked  permanent  8ympir>ma 
In  estimating  the  degree  of  improvement  which  will  probabi 
place,  we  have  to  rely  in  great  part  upon  the  resoltB  of  elecinc^H 
examinatioo;  those  muscles  which  show  a  complete  reactioD  nfdHI 
generatiou  will  never  recover,  those  showing  simply  a  qTumtiv 
lowering  of  irritability  are  probably  only  iutlirectly  injured  ati 
recover*     The  patient's  capability  of  earning  a  livelihood  is  of  < 
dependent  on  the  extent  and  the  seat  of  the  permanent  lesioa 
Minor  is  right,  that  a  heBmatomyelia  may  pass  into  a  syringomv 
the  prognoiiis  will  of  course  be  more  serious. 


Treatment. 

The  first  therapeutic  indication  after  the  occurrence  of  a  h^ 
rhage  of  the  spinal  cord  is  rest,  which  should  he  as  complete  m 
sible  and  long  continued.     The  patient  is  to  be  placed  earefalij  nr 
bed.     The  position  on  the  abdomen  is,  if  possible,  to  be  taken,  in 
order  to  avoid  the  occun*ence  of  bedsores,  and  for  the  reason  tlmi  an 
ice-l3ag  may  then  be  placed  over  the  spinal  column.     The  abat 
of  blood  by  leeches  is  also  to  be  recommended.     All  movement  is  to  1 
prohibited  for  a  long  time.     Straining  at  stool,  sneezing,  and  coo^]] 
are  to  be  avoided,  if  possible.     With  this  avoidance  of  injurioua  I 
our  therapeutic  resources  are  really  exhausted.     Nature  itself 
take  care  of  the  improvement,  as  far  as  may   be  possible. 
convalescence  some  benefit  may  be  derived  from  a  course  of  hatlial 
one  of  the  thermal-saline  springs,  such  as  Wildbad,  Teplitz,  or  Ni 
lieim.      The  application  of  electricity   to  the   partially  atrop 
muscle H  ijiav  also  be  useful. 


INFLAMMATION   OF  THE  SPINAL  MENINGES. 

Pachymeningitis  Carvicalia  Hypertrophica, 

By  pacli>' meningitis  is  meant,  anatomically,  inflammation  of  I 
dam  mat+3r.     pM-hy meningitis  cervical      [i>  pertropjitca ia  Utt  < 
fnnii,  which,  hh  the  name  implies,  is 
tiou  of  tlie  spinal  cord. 

Patholooica.^ 

The  disease  consists  in  an  infl 
leading  to  a  thickening,  an  hyp 
fition  tukes  the  form  of  a  alow 
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trie  layers,  which  may  increase  the  dura  to  tenfold  its  normal  thick- 
ness. This  new  formation  compresses  the  spinal  cord  and  the  nerve 
roots  which  enter  and  leave  it,  and  may  even  finally  involve  the  whole 
thickness  of  the  cord  in  atrophy  and  sclerosis.  The  thickening  is 
greatest  upon  the  posterior  surface,  and  here  adhesions  with  the  ex- 
tradural x>osterior  vertebral  ligament  usually  become  established. 

The  etiology  of  the  disease  is  quite  unknown.  Here,  too,  expo- 
sure to  cold,  overexertion,  traumata,  and  various  other  things  are  al- 
leged to  be  causative,  without  it  being  possible  to  prove  the  connec- 
tion. Perhaps  in  some  cases  syphilis  may  be  an  etiological  factor; 
and  in  others,  chronic  alcoholism. 

Symptoms. 

The  clinical  phenomena  are  divided  into  three  stages. 

The  first,  also  called  the  neuralgic  stage,  is  due  to  the  increasing 
compression  of  the  posterior  roots,  and  is  therefore  distinguished  by 
disturbances  of  sensibility.  Violent  pains  are  excited  in  the  neck,  in 
the  occiput,  and  in  the  arms,  and  in  these  parts  there  are  also  subjec- 
tive panesthesisB  and  sensations  of  numbness.  Sensations  of  constric- 
tion may  also  occur  in  the  upper  part  of  the  thorax.  There  is  already 
stiffness  of  the  neck ;  turning  the  head  causes  pain,  and  is  therefore 
avoided.  The  cervical  vertebras  are  abnormally  sensitive  to  pressure 
and  percussion.  In  the  arms  the  pains  are  localized  by  preference  in 
the  course  of  the  ulnar  and  median  nerves.  They  often  possess  a 
neuralgic  character,  occur  without  external  cause  in  isolated  attacks, 
and  are  very  violent.  Trophic  changes  sometimes  appear  in  the  skin 
in  the  form  of  roughness,  exfoliation,  or  herpetic  eruptions. 

In  this  first  stage  of  the  disease,  corresponding  with  the  prex)on- 
derant  development  of  the  x^rocess  upon  the  posterior  surface  of  tho 
cord,  the  motor  paths  are  not  at  all  or  but  little  affected.  The  only 
evidences  that  they  are  implicated  are  slight  diminution  in  muscular 
power  and  irritative  phenomena,  such  as  twitching  of  the  arms, 
trembling  of  the  hands,  and  slight  muscular  tension  in  the  upi>er 
extremities.  The  duration  of  the  first  stage  is  from  two  to  six 
months. 

The  second  stage  corresponds  with  the  extension  of  tlie  pathologi- 
cal i^rocess  to  the  anterior  roots,  and  is  marked  by  the  appearance  of 
paralysis  and  atrophy.  These  also  are  most  pronounced  in  the  re- 
gions supplied  by  the  ulnar  and  median  nerves,  while  that  supplied 
by  the  radial  escax>es  generally  for  a  long  time  or  even  altogether. 
There  develops  a  degenerative  atrophy  of  the  muscles  innervated  by 
the  former  nerves,  t.e.,  of  all  muscles  of  the  hand,  as  well  as  of  the 
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tiexoi's  in  the  forearm.     Siuce  the  extensors  of  theliand  ] 
on  account  of  the  still  normal  radial  nerve,  a  poBitiun  of  the  1 
caus^ed  which  ia  quite  typical  of  pachy meningitis  cerricaliil 
trophica.     It  jb  overextended  at  the  wrist,  the  first  phakng«  i 
tended,  the  second  and  third  are  bent — a  position  which  sa 
hand  of  the  preacher — and  therefore  is,  in  fact,  called  the  *  pn 
hand."     Electrically  the  atrophied  muscles  manifest  the  pheJion 
of  the  reaction  of  degeneration.     The  sensory  as  well  as  the 
fibres  of  the  ulnar  and  metlian  nen  as  are  affected.     Besides  the  i 
lesthesia}  which  are  Hh'cady  present  and  which  increase  in  intensitj  i 
the  second  stage,  anrenthesia  also  develops,  so  that  the  hand  is  t 
depriveil  of  sensation,  and  the  patients  are  no  longer  able  toi 
small  objects  with  the  fingers,  and  become  very  helpless- 

In  addition  to  the  local  affection  of  the  ulnar  and  median  i 
the  moveineot  of  the  whole  arm  becomes  impeded;  it  can  be  i 
with  difficulty  at  the   shoulder-joint,    and    the    movementB  cl 
elbow-joint  are  stiff  and  clumsy.     Occasionally  there  may  cthj  i 
velop  a  comi)lete  jiaralysis  of  one  or  both  arms. 

The  third  stage  begins  with  the  involvement  of  the  nerve  Sixmi 
the  lower  extremity.  This  protluces  a  motor  weakness  of  the 
witli  more  nr  less  pronomiced  spastic  phenomena,  but  without 
phy,  l)ecause  the  cells  of  the  anterior  comua  of  the  lumbar  oord— il 
jury  of  which  is  the  sole  cause  of  atrophy  of  the  leg  muscles— nK 
course  unaffected.  But  the  compression  of  the  cervical  cord  i 
lead  to  anaesthesia  of  the  lower  extremities,  to  vesical  affe 
and  to  decubitus. 

The  intense  pains  which  characterize  the  first  stag^  g^nemUT  < 
appear  almost  completely  in  the  second  and  third  stages,  the  < 
auces  of  motility  becoming  the  most  prominent  features  of  the  fii- 
ease. 

The  duration  of  the  disease  is  always  several  years*  Cures  I 
l^een  reported,  but  in  such  cases  the  correctness  of  the  diagnous  j 
be  regarded  with  some  doubt,  for  in  general  the  dise^ase  must  bee 
side  red  incurable.  Death  occurs  from  intercurrent  disease  or! 
the  decubitus  or  the  affections  of  the  bladder,  with  their  daogeroai 
secjuelie. 

DlAQNOSIB, 


The  {liagnosis  of  pachymeningitis  cervicalia 
i?asy.     It  in  frajuently  confounded  with  other 
ally  the  diaguosis  long  remains  doubtful,  certaiJ 
by  r»lTser\'ing  the  course  of  the  disease. 

Since  the  first  stage  is  characteriz 
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nndeisiood  why  it  is  generally  diagnosticated  as  simple  neuralgia  of 
the  occipital  or  of  the  ulnar  and  median  nerves.  The  distinction 
from  an  idiopathic  neuralgia  is  made  x)ossible  only  by  the  subse- 
quent apx>earance  of  atrophy  and  of  disturbances  of  motility  which 
reveal  the  nature  of  the  disease.  The  well-marked  second  stage  may 
be  confoimded  with  several  diseases. 

Spondylitis  cervicalis,  as  well  as  all  tumors  of  the  cervical  portion 
of  the  spinal  cord,  especially  syphilitic  meningitis,  may  also  be  char- 
acterized by  irritative  phenomena  in  the  arms,  with  consecutive  mus- 
cular atrophy  and  paralyses.  Spondylitis  can  be  demonstrated  by 
the  sensitiveness  to  pressure  of  one  of  the  cei-vical  vertebrae,  which  is 
always  present  at  a  very  early  period,  as  well  as  by  the  appearance 
of  tuberculosis  in  other  organs.  Ultimately  also  a  deformity 
will  manifest  itself  in  the  cervical  spine,  which  is  never  the 
case  in  pachymeningitis  cervicalis  hypertrophica.  But  the  dis- 
tinction from  other  meningeal  affections,  as  well  as  from  tumors 
of  the  cervical  spine,  is  very  difficult,  and  often,  indeed,  quite  im- 
possible. 

Progressive  spinal  muscular  atrophy  and  amyotrophic  lateral 
sclerosis  can  always  be  excluded  with  certainty,  on  account  of  the 
complete  absence  of  disturbances  of  sensibility  which  is  characteristic 
of  both  diseases,  although  the  localization  of  the  motor  affections  is 
very  suggestive  of  pachymeningitis  cervicalis  hyi)ertrophica.  If  there 
still  remain  doubts,  the  extension  of  spinal  progressive  muscular 
atrophy  as  well  as  of  amyotrophic  lateral  sclerosis  to  the  medulla  ob- 
longata with  the  production  of  bulbar  symptoms  will  be  decisive, 
since  the  latter,  of  course,  never  appear  in  pachymeningitis  cervicalis 
hypertrophica. 

It  is  often  very  difficult  to  exclude  syringomyelia.  It  also  begins 
generally  in  the  cervical  cord,  and  causes  sensory  irritative  phenom- 
ena with  atrophy  of  the  hand  muscles.  Decisive  for  the  diagnosis  of 
syringomyelia  are  the  typical  partial  paralyses  of  sensation.  More- 
over, the  trophic  affections  which  are  the  rule  in  syringomyelia,  are 
exceptional  in  pachymeningitis  cervicalis  hypertrophica,  while,  on 
the  other  hand,  in  the  latter  the  pains  are,  at  first  at  least,  by  far  the 
most  conspicuous  feature.  Finally,  the  whole  course  of  the  disease 
in  i)achymeningitis  cervicalis  hypertrophica  is  much  more  rapid  than 
in  syringomyelia. 

Multiple  neuritis  may  also  produce  pains  with  atrophies,  but  the 
pains  remain  limited  to  the  ulnar  and  median  nerves;  the  stiffness  of 
the  neck  and  involvement  of  the  occipitalis  major  and  other  nerves  of 
the  neck  are  wanting.  In  neuritis,  too,  the  nerve  tninks  are  sensitive 
to  pressure  or  present  thickenings;  and  finally,  in  multiple  neuritis, 
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the  cause,  chietlj  infection   or   iDtoxicatioD   (lead,  alcohol^  M^fwrfg, 
etc.),  can  generally  be  made  out. 

If  in  the  tii^t  Btage  the  aeDeatiou  of  constriction  of  the  thorax  al* 
ready  described  m  very  promineDt,  and  one  is  force4l  to  thiak  of  Umi 
poBBibility  of  an  ineipieDt  tabes  dorsalis.  This  can  be  deoiiied  oc^J 
by  the  absence  of  the  puiiillary  and  patellar  reflexes. 

Treatment. 

There  is  no  effectnal  treatment  for  pachjmeningitia  oi^ncalia  1  ^ 
pertrophica.  A  cnurae  of  inimetious  may  he  i>rei6crib«d  as  aii  expori- 
ment.  If  these  are  not  beneficial,  we  must  confine  oaraelveft  to  pallK 
ative  measures. 


Acute  lieptomeiLinffitis. 


Acute  inflammation  of  the  soft 


of  the  spinal  cinrd  i 


t?ninge^  < 
erally  inv4>lvej4  at  the  same  time  the  arachnoid 
cases  the  inner  surface  of  the  dura  is  also  attacked,  in  eijaaUj  rare 
instances  the  pia  in  hardly  invohmi  in  the  inflammation. 

We  shall  not  here  consider  tuberculous  spinal  leptomeningitta,  fcr 
it  is  probably  never  met  with  in  the  absence  of  a  similar  diaeaae  of 
the  cerebral  mtuiinKes,  and  the  symptoms  of  the  latter  will  Ibeo  pi^ 
dominate.  Epidemic  cerebrospinal  menini^tis  will  likewise  bo  de> 
scribed  elsewhere.  We  shall  consider  here  only  inflammatioo  of  llm 
spinal  arachriojtia,  which  is  usually  purulent  though  aomeliiiiae  9^ 
runs  in  character. 

BnoLooT. 

The  causes  of  acute  purulent  spinal  meniuKitia 
They  are  probably  lunst  clearly  observoil  in  Uiosa  caiMft  ta  wl 
purulent  inflammation  of  the  meninges  accompanies  inflammalaiy  < 
suppurative  processes  in  the  neighborhocni  of  Uie  spinal  coliinm  orf 
more  distant  points.  To  these  cases  belongs  the  purulent  me 
following  a  traumatism  of  the  spinal  column  and  of  the  stui^  cxtnL 
Here  the  infection  may  take  place  through  an  injury  of  the  oilier  lUa 
as  well  as  through  the  thoracic  and  abtlominal  cavity,  if  an  iojiw^  tM 
the  pleura  or  of  the  peritoneum  and  intestines  has  iierfaa|ia  taltjra 
plaee.  A  purulent  meningitis  may  of  course  also  follow  aa  opcnliw 
procedure,  and  it  was  formerly  fre<iuently  the  result  of  operwtiaav  m 
spina  bifiila.  Furthermore,  a  bedsore  may  perioral*^  the  spinal  col- 
umn and  be  the  direct  cause  of  an  inflammation  of  the 
it  is    also    said   that   pleural  and   mediastinal   suppimtiOM 
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extendea  to  the  arachnopia  of  the  spinal  cord  in  individual  cases. 
As  a  rule  an  extensive  purulent  meningitis  of  the  brain,  especially 
one  at  the  base  of  the  brain,  whether  it  be  of  a  traumatic  or  otitic 
source,  gives  rise  by  extension  to  a  spinal  leptomeningitis.  Of 
disease  processes  lying  at  some  distance  and  acting  by  metastasis, 
purulent  and  septic  inflammation  is  especially  active.  Thus  a  puru- 
lent cystitis  may  occasion  a  meningitis,  this  occurrence  being  most 
frequently  observed  in  gonorrhoeal  cystitis  or  pyelitis.  It  is  not 
neoeesary  in  these  cases  that  a  true  gonorrhoeal  meningitis  be  present, 
but  the  inflammation  of  the  meninges  of  the  spinal  cord  may  be  pro- 
duced by  secondary  carriers  of  infection,  simple  pus  cocci.  Not  very 
infrequently  the  purulent  meningitis  in  these  cases  is  connected  with 
an  abscess  of  the  spinal  cord;  indeed,  there  is  but  one  case  on  record 
of  abscess  of  the  cord  unaccompanied  by  purulent  meningitis.    « 

A  peculiarly  roundabout  mode  of  origin  is  sometimes  seen  when 
purulent  cystitis  follows  a  severe  traumatism  of  the  spinal  cord,  and 
this  cystitis  in  turn  gives  rise  to  a  purulent  meningitis  by  metastasis. 
More  frequently  even  than  a  cystitis,  cases  of  purulent  bronchitis  and 
idwcess  of  the  lungs  have  led  to  a  metastatic  purulent  meningitis. 
Suppuration  of  other  organs  also  may  act  in  the  same  way.  The 
acute  infectious  diseases  are  more  rarely  the  cause  of  uncomplicated 
purulent  meningitis,  although  the  affection  not  very  infrequently  fol- 
lows a  pneumonia. 

Of  the  surgical  infectious  diseases  carbuncle  of  the  back  or  of  the 
nape  of  the  neck  leads  with  particular  frequency  to  purulent  men- 
ingitis; the  latter  has  also  been  observed  accompanying  erysipelas. 
Finally  it  is  not  very  infrequently  a  sequel  to  puerperal  sepsis. 

The  so-called  epidemic  cerebrospinal  meningitis  occurs  not  infre- 
quently sporadically,  and  may  under  certain  circumstances  confine 
itself  to  the  spinal  cord;  it  frequently  accompanies  pneumonia. 
According  to  Qowers  an  acute  articular  rheumatism  may  occasionally 
also  lead  to  disease  of  the  meninges  of  the  spinal  cord.  Catching 
cold  has  been  regarded  as  an  etiological  factor,  and  it  is  certain  that 
spinal  meningitis  is  sometimes  observed  as  a  direct  sequence  of  a 
great  cooling  of  the  surface  of  the  body,  such  as  results  from  sleep- 
ing in  the  open  air,  or  from  a  fall  into  the  water. 

Pathological  Anatomy. 

The  extent  of  the  inflammation  in  relation  to  the  longitudinal  axis 
of  the  spinal  cord  may  be  very  variable.     In  cases  of  sporadic  infec- 
tious inflammation,  it  is  usually  diffused  over  the  whole  cord.     In 
cases  of  injury  to  the  bones,  or  of  abscess  of  the  spinal  cord,  it  may 
Vol.  XL -48 
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be  at  iinjt  circiimtJ€rib&Ll»  correBpoudmg  to  Uie  abeoeas  or  the  injur; J 
but  lat«r  it  alivavti  becomtis  diflfiLsed. 

We  in3.y  dLiitiiiguisb  three  stages  of  tbe  disease,  in  an 
seuse:  (1)  That  of  inflammatory  hy|>er«mia;   (2)  that  ol  the  ] 
inflammation  proper ;  (3)  that  of  diKaxjpearance. 

The  first  stage  is  probably  more  or  less  arti^cial,  as  we 
see  it  post  mortem*     The  arachnoid,  the  pia,  and  even  the  iimer  i 
face  of  the  dura  are  hyperiemic  aud  not  infrequently  ecchymotie,  i 
vessels  are  tensely  filled,  the  cerebrosx)inal  fluid  is  cloudy  bat 
purulent,  and  as  a  rule  hypera&mia  of  the  cord  will  also  be  found. 

The  second  stage  is  that  which  is  most  frec|uently  met  with  nt  i 
autopsy,  lu  this»  the  interstices  of  the  arachnoid  are  usually  1 
with  a  thick,  yellow^  sometimes  grayish  pus;  in  rare  cases  Hieot^ 
only  a  cloudy  fluid  present,  but  in  all  eases  the  exadats  is 
microsco|>ically  to  contain  pus  corpuscles.  In  severe  dases  the 
and  the  inner  layers  of  the  dura  are  also  found  to  l^e  filled  witk  j 
corfjuscles ;  in  light  cases  botii  may  remain  free  of  these.  The  bio 
veHsels  are  tensely  filled,  and  their  walls  ai-e  studded  with  red  ; 
\vhite  blood  corpuscles.  It  is  remarkable  how  often  tbe  roots  of  1 
Bi>iiial  nerves,  which  frequently  lie  in  the  midst  of  a  collection  ol  | 
aud  which,  if  we  may  judge  from  the  symptoms,  are  certaiidy  affe 
ap{}ear  to  be  anatomically  intact.  This  is  in  accord  with  what  w«" 
have  learned  in  a  previous  section  concerning  the  great  registiqg 
power  of  the  neiTe  roots.  In  severe  cases,  however,  the  roots  ire 
affected;  they  become  swollen  and  their  nerve  substance  is  diiiih 
tegrated.  The  cord  is  involved  in  all  cases  of  inflammation  of  ihd 
]>ia.  We  may  find  small  irregularly  distributed  inflammatory  foci, 
small  abscesses,  and  also  a  form  of  marginal  myelitis  which  estub* 
linhes  itself  in  the  area  of  distribution  of  the  marginal  vessels  wkidi 
enter  the  spinal  cord  in  its  whole  periphery ;  this  latter  may,  mider 
certain  circunnitances,  give  the  impression  of  a  combined  syifteiB 
disease.  If  the  pia  remains  intact,  the  cord  may  also  remain  per- 
fectly healthy.  The  cerebrospinal  fluid  is  increased  and  beccnaBi 
turbid,  containing  flocculi  of  pus,  but  it  is  rarely  macroscopically  dis- 
tinctly purulent.  It,  as  well  as  tbe  pus  itself,  contains  micro-on?»ii* 
isms  which  may  vary  according  to  the  etiological  factors ;  asoally  tbev 
are  tbe  coioinon  purt  cocci ;  but  in  cas         •       •  ^      •  ^         •    » 

meningitis  the  imeumococcus  has  i 

In  most  cases  death  takes 
duration  of  the  diReaae  is  long 
matory  dejionits  may  gradually - 
ness  and  thickening  of  the  mei 
adhesions  are  also  formed  amox 
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dlBtance,  and  we  may  for  a  long  time  afterwards  find  remains  of  the 
inflammatory  deposits.  In  other  cases  a  local  collection  of  fluid  may 
take  place  at  the  level  of  the  adhesions;  this  is  called  hydrorrhachis. 
It  is  possible  also,  though  probably  this  is  rare,  that  the  calcareous 
plaques  so  frequentiy  present  in  the  arachnopia  of  the  spinal  cord 
have  some  connection  with  former  inflammation.  If  the  spinal  cord 
has  been  markedly  involved,  permanent  traces  will  undoubtedly  be 
left  behind  in  the  shape  of  circumscribed  or  diffuse  cicatrices,  accom- 
panied later  by  ascending  and  descending  degeneration.  Slight  affec- 
tions of  the  nerve  roots  will  probably  gradually  disappear. 

Symptoms. 

We  shall  discuss  here  only  those  symptoms  which  are  caused  by  a 
disease  of  the  spinal  meninges.  These  symptoms  will  be  met  with  in 
the  clinic  only  in  those  undoubtedly  very  rare  cases  in  which  the  in- 
flammation does  not  attack  the  cerebral  meninges  at  all.  When  these 
are  also  involved,  the  cerebral  symptoms  usually  predominate.  We 
meet  as  a  general  rule  with  headache,  delirium,  or  somnolence,  and 
with  affections  of  the  cerebral  nerves;  when  the  cerebrum  is  involved, 
with  convulsions  and  si)asms;  when  the  cerebellum  is  involved,  with 
vomiting  and  disturbance  of  the  heart  and  respiratory  functions.  Tlie 
disease  may  occur  at  any  age  and  in  either  sex.  From  the  import- 
ance of  the  traumatic  causes  the  male  sex  preponderates ;  the  epidemic 
form  quite  frequentiy  attacks  children. 

In  the  discussion  of  the  symptoms  of  spinal  leptomeningitis 
proper,  we  had  better  proceed  from  a  case  of  this  disease  in  its 
height,  namely,  in  the  second  stage,  that  of  formation  of  pus  in  the 
meninges.  The  symptoms  present  at  this  time,  leaving  aside  the 
fever  which  is  probably  always  present  and  the  marked  constitutional 
disturbance,  may  be  divided  into  the  symptoms  caused  by  the  disease 
of  the  meninges  themselves,  by  that  of  the  spinal  roots,  and  by  that 
of  the  cord.  The  first  consist  in  the  most  violent  backache,  which 
becomes  unbearable  with  every  movement,  even  the  slightest.  The 
seat  of  this  pain  is,  according  to  the  extent  of  the  disease,  in  the 
whole  back  or  limited  to  certain  points.  As  a  rule  the  spinous  proc- 
esses are  also  tender  to  firm  pressure  over  the  site  of  the  inflammation. 

The  symptoms  depending  on  an  affection  of  the  roots  may  be  di- 
vided into  symptoms  of  imtation  and  those  of  paralysis.  The  first 
are  much  more  constant,  and  for  this  reason  of  more  practical  impor- 
tance than  the  latter,  which  in  a  great  many  cases  are  not  present  at 
all,  and  in  others  may  come  on  very  late.  A  lesion  of  the  posterior 
roots  is  manifested  by  tearing  pains  radiating  into  the  limbs,  by 
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girdle  pains,  or  by  marked  hypertesthesia  of  the  skin,  limited  to  i 
area  of  distribution  of  the  injured  nerve  root.  As  a  rule  the  mn 
are  also  quite  painful  to  pressure,  and  active  as  well  as  i>as8iTe  i 
ments  increase  these  pains.  The  motor  symptoms  of  irritatioii 
sist  mo«tly  in  more  or  less  extensive  muscular  contractions.  These  i 
the  cause  of  the  very  characteristic  rigidity  of  the  neck,  which  i 
sioually  is  so  marked  that  the  occiput  lies  in  close  contact  with 
nape.  Total  opisthotonos  may  also  occur  id  extensive  meningitiit. 
is  not  altogether  impossible  that  these  forms  of  contraction  are  i 
part  voluntary,  though  unknowingly  so,  being  due  to  an  effort  tol 
the  spinal  column  a^  much  as  possible  and  to  avoid  its  every  mo?e 
Other  contractions  of  this  kind  are  undoubtedly  not  dependent  i 
the  will,  and  are  either  purely  reflex,  that  is,  they  are  dependent  ( 
an  irritation  of  the  sensory  roots,  or  are  perhaj^s  due  direetiy  to  i 
irritation  of  the  anterior  roots.  To  these  belong  the  contnictiaii  i 
the  abdominal  muscles^  which  produce  the  well-known  boat 
retraction  of  tlie  abdomen,  and  also  contractions  of  the  arms  and  1 
The  very  painful  recurring  spasms  of  the  upper  extremitief*,  whidi  i 
seen  especially  in  cases  of  circumscribed  meningitis,  are  undonb 
due  to  a  direct  irritation  of  the  anterior  roots,  A  rhythmical 
rai)id  tremor  is  also  seen,  esijecially  in  the  upper  extremities* 
so-called  Keraig's  symptom  should  also  be  classed  among  the  mn 
contractions ;  it  consists  in  an  inability  of  the  patient  to  eiteod  ^ 
knees,  the  flexors  of  the  legs  being  too  short.  Paralytic  symp 
due  to  the  lesion  of  the  nerve  roots,  namely,  atrophy  of  the  mu 
and  circumscribed  ancesthesia,  are  of  rare  occurrence.  This  is  duel 
the  relatively  strong  resisting  power  of  the  nerve  roots,  ako  to  1 
fact  tliat,  although  the  inflammation  may  be  siifliciently  inti^ise  I 
cause  these  root  symptoms,  it  is  nevertheless  not  so  pronounced  as  I 
destro^^'  all  the  fibres  of  these  roots.  Marked  anaesthesia  and  ] 
am  should  therefore  always  make  us  suspicious  of  an  exteasK 
involvement  of  the  cord.  More  fre<|uent  on  the  other  hand 
trophic  cHsturbauceSj  es|>ecially  of  the  skin.  Thus  herpes  floeter  ii 
sometimes  seen;  in  other  cases  large  buU^e  occur  from  slight  Cftuses, 
an,  for  example,  when  one  lower  extremity  ban  l^een  pressing,  even  1 
a  short  time  only,  against  the  other;  these  bulhe  look  as  if  caused  I 
a  burn  (taches  apinales).  Symptoms  of  vasomotor  d^"^^ — *^ 
also  l3e  present;  thus  a  slight  touch  or  the  prick 
cause  the  skin  to  puff  up  in  high  wheals  with  a  red 

The  i>articipation  of  the  cord  itself  may  be  sh 
such  as  disturbances  of  the  bladder  or  r*^i 
the  tendon  reflexes,  going  on  eve^ 
and  Achilles  tendons ;  the  skin 
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11\  there  will  be  extensive  anBBstheBia  and  pamlvsis,  as  in  myelitis 
d  injmiea  of  the  spinal  cord.  This  paralysis  is  usually  at  first  spas- 
iu  character,  but  in  very  severe  cases  it  may  be  of  the  flaccid  form 
|ftDd  be  accompanied  by  loss  of  the  tendon  reflex*  In  these  cases  we 
usually  unable  to  say  with  certainty  which  of  the  s3'mptoms  are 
»  to  the  root  lesion  and  which  to  the  spinal-cord  lesion*  At  this 
ae  decubitus  may  also  make  its  appearance.  Of  couraej  the  distri- 
ition  of  all  these  symptoms  varies  according  to  the  seat  and  extent  of 
meningitis.  As  the  latter  is  usually  diffused  so  are  also  the 
fcymptoms;  pain  and  contractures  make  their  appearance  now  here, 
3W  there,  and  the  entire  spinal  ciolumn  is  more  or  less  rigid.  In 
peases  of  circumscribed  inflammation,  when  the  seat  of  the  lesion  is  in 
the  cervdcal  or  u^Jper  dorsal  region,  the  pain  will  be  most  marked  in 
ilhe  arms,  contraction  of  the  pupils  and  narrowing  of  the  palpebral 
[fissures  may  appear,  and  as  a  rule  obstruction  to  the  respiration  is 
[quite  marked.  IMien  the  seat  is  in  the  dorsal  region,  the  symptoms 
[iifie  confined  chiefly  to  the  trunk,  and  when  it  is  in  the  lumbar  region 
I  the  legs  are  principally  affected. 

CointSE, 

The  course  of  the  disease  is  usually  acut«,  sometimes  it  is  hy[)er- 
[  acute.  It  is  probable  nearly  always  initiated  by  a  chill,  which  is  in 
most  case«  followed  by  a  continued  high  fever  of  a  remittent  char- 
acter. AH  the  symptoms  rapidly  attain  a  high  degree,  a  marked 
[  stiffness  of  the  muscles  of  the  neck  in  pailioular  is  frerfuently  jjreseiit 
by  the  end  of  twenty *f our  hours.  Death  may  take  place  witliin  a  feiv 
,  days,  but  as  a  rule,  the  encephaloii  is  involved  iu  tliese  cases  and 
the  fatal  termination  results  from  paralysis  of  the  heart  or  from 
asphyxia.  In  other  cases  the  disease  drags  on  for  a  few  months,  and 
the  grave  symptoms  of  cord  involvement  make  their  aiijjearance 
gradually.  In  the  epidemic  form  the  tlisease  may  tjike  a  different 
course.  Here  the  fever  may  cease  alter  a  few  weeks,  the  ]»ain  and 
contractures  disappear,  the  appetite  retums,  and  the  patient  improves; 
thus,  after  weeks  of  apparent  convalescence  an  acute  relapse  may  oc- 
cur; this  may  again  be  followed  by  improvement,  and  the  ])atient  may 
finally  die  from  exhaustion  after  these  alternations  of  relapse  and  im- 
>veraent  have  continued  for  many  mouths.  Recovery  is'oevertheloKs 
sible  and  not  infrequent  in  this  form  of  tlie  disefise,  Frecjuentlv 
arse  the  termination  is  in  partial  recovery  only.  If  grave  lesions 
aerve  roots  or  of  the  cord  have  occurred,  circumscribed  paraly- 
la&sthesia,  or  perhaps  a  spastic  t)aresis  with  slight  dintiirb- 
le  function  of  the  bladder,  are  certiiin  to  remain.  A  per- 
dity  of  the  muscles  of  the  back  may  also  persist. 
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DUGNOSIS. 

The  diagDOBiB  is  not  difficult,  if  the  characteristie  symptoms  i 
the  disease  are  distinctly  marked*  These  are  fever,  pain  in  the  1 
and  opisthotonos,  pain  and  hyperiesthesia  of  the  skin,  mu 
paius  and  spasms,  and  possibly  a  8pa8tic  paresis  and  distuibaiiool 
tlie  bladder  function.  The  diagnosis  is  rendered  still  more  certai]| 
Bvmptoras  of  irritation  precede  those  of  paralysis,  if  distinct  ay 
toms  of  disease  of  the  cerebral  meninges  are  associated  with  thomi 
spinal  leptomeningitis,  and  especially  if  certain  recognized  etiolo 
Victors,  such  as  traumatism^  purulent  processes  in  other  orgaofl,  4 
infectioas  diseases^  are  present. 

The  differential  diagnosis  from  hfl&matorrhachis   may  he 
difficult.     The  symptoms  are  the  same  in  both  diseases,  but  ihomi 
hfematorrhachis  must  foUow  immediately  after  the  tranmatiBm, 
there  would  always  be  an  interval  of  a  few  days  before  the  app 
of  an  infectious  meningitis.     The  fever  will  l>e  absent  in  simple  1 
orrhage. 

The  distinction  of  a  meningitis  from  a  myelitis  will,  of  course,! 
difficult  in  those  cases  in  which  the  spinal  cord  is  materially  IdtoIt 
in  the  inflammation,  and  it  may  even  be  impossible  under  such  dr- 
cumstaDces^  Very  severe  pain,  esiieeially  pain  and  stiffness  of  the 
back,  will  tdways  indicate  an  involvement  of  the  meninges,  and  w 
may  take  for  granted  that  we  have  primarily  to  deal  with  a  msaesh 
gitis  when  tdl  these  meningeal  symptoms  at  fii'st  existed  alone*  mm! 
paralysis,  indicating  a  lesion  of  the  spinal  cord,  followed  later. 
Formerly  the  differentiation  of  spinal  meningitis  from  tetaniBivi* 
often  difficult.  The  possibility  of  a  diagnosis  lies  here  in  a  knowledge 
of  the  ettfj]ogieal  factors.  In  both  diseases  opisthotonos  and  toiiic 
spasms  are  noticeable;  in  tebmns,  however,  the  fever  is  nearly  always 
absent,  especially  the  initial  fever,  radiating  tmrjFsthesias  and  hype^ 
fFsthesia  of  the  skin  are  not  present,  and  the  pain^  of  tetanus  sr^ 
IJrcxlucf^d  only  by  the  continued  muscular  tension:  tetanus  nearly 
always  1>egins  with  trismus,  which  may  be  present  also  in  cerphfil 
raeiiiiigitis,  hut  usually  appears  at  a  later  i>eriotl;  in  tetanus  symp 
hmm  iluf^  to  the  eereliriim,  eepecially  delirium,  coma,  and  convubicina, 
are  absent;  on  the  other  hand,  a  marked  difficulty  of  ^ — t^i^iz^mnA 
dy  spur  pa  make  their  appearance  in  tetanus  earli 
severe.  The  reflex  irritiil>ility  is  increased  in  t 
that  is  probably  never  seen  in  meningitis;  even 
patient's  bpij  nr  slight  stroking  of  the  b^ 
to  bring  t:»n  the  mf)st  violent  tonic  f 

Certain  hysterica^ 
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sion  of  the  presence  of  meningitis ;  we  may  find  headache,  vomit- 
ing, rigidity  of  tlie  muscles  of  the  neck,  or  even  coovukions,  or  a  slow 
poise  and  seeming  stupor.  In  such  cases  only  a  very  careful  exam- 
ination will  preserve  us  from  error,  by  showing  us  that  the  stupor  is 
only  apparent,  that  the  symptoms  may  be  influenced  psychically, 
that  sleep  is  undistnrbed,  etc. 

Of  especial  importance  is  the  distinction  of  a  purulent  meningitis 
from  a  tuberculous  one*  Purulent  meningitis  usually  comes  on  in  a 
turbulent  manner,  the  first  day  being  marked  by  a  stiffness  of  the 
neck,  to  a  degree  wliii-h  is  hardly  ever  found  in  tulxirculous  menin- 
gitis; the  fever  is  also  higher.  In  one  of  the  writer's  cases  the  diag- 
nosis was  determined  by  puncture  of  the  spinal  meuiuges,  wliieh 
yielded  a  turbid  fiuid  ccmtiiining  small  pus  corpuscles  and  a  great 
numb<3r  of  cocci.  In  tulierculous  meningitis  the  fluid  frrim  the  ponc- 
ture  if  nearly  always  clear  and  may  contain  tubercle  bacilli, 

Prookosis. 

The  prognosis  of  acute  purulent  leptomeningitis  is  always  grave. 
f  Aa  a  rule  death  is  the  inevitable  result  after  a  longer  or  shorter 
period.  In  individual  ciises  the  prognosis  depends  less  on  the  extt^ut 
of  the  meningitis  (since  this  disease  always  shows  a  tendency  to 
'  bec4>me  difl^use)  than  on  the  etiological  factors.  If  sjumil  meningitis 
is  due  to  an  injury,  to  a  suppuration  iu  the  neighlHirhood  of  the  spiual 
column,  or  to  a  metast«4sis  from  an  alwcess  lying  at  same  dintjvnce, 
the  rt'sult  cannot  be  other  tlum  fatal.  Meningitis  occurring  as  a 
se^jiiel  to  an  ai*ute  infectious  disease  (tyi*hoid  fever  fir  rhoumatism)  in 
usually  of  very  bad  i>rt)gnosis.  The  prognosis  is  materially  bf^tter  in 
those  cases  of  autcxdithonous  pundent  spinal  meningitin,  if  we  may 
call  it  so,  which  occur  sporadically,  but  resemble  in  their  symptoms 
epidemic  cerebrospinal  meningitis.  Here  we  meet  with  a  whoh> 
series  of  cases  ending  iu  perfect  recovery,  or  another  iu  which  only  a 
partial  cure  resultH,  The  prognosis  becomes  more  favoraljle  after  tho 
first  few  days  of  the  affection  have  ]>jLssed,  and  it  is  more  favorable 
still  after  the  fever  and  pain  have  subsided  and  convalescence  hiin 
begun.  Even  then,  liowever,  we  must  l>e  very  guarded  in  our  \my^- 
remembering  the  frequent  relapses  which  may  cause  death 
or  indirectly  by  asthenia  or  other  complications.  Thus  in  a 
erring  in  a  child  in  tlie  writer* s  practice,  a  imnilent  inflani- 
^lie  meninges  of  the  lirain  and  spinal  cord  had  been  cured, 
isis  of  the  lungs  soon  appeared  and  ran  a  rapid  course^ 
le  patient  succumljed.  The  prognosis  is  also  ren- 
the  possibility  that  permanent  paralysis,  muscular 
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atrophy,  or  other  aeqiael  may  remain.     This  is  indeed  aliraystot 
expected,  if  the  spinal  cord  has  been  involved  to  any  great  exteoi 


Treatment. 

We  cau  do  little  more  in  these  cases  than  to  sustain  the  i 
of  the  patient  by  careial  nursing,  and  to  try  as  maeh  as  poesiUe^ 
assist  him  in  his  battle  with  the  disease.     Rest  in  bed  in  a  C4X>1,  i 
darkened  room  is  always  necessary.     The  betl  should  be  smooth,! 
the  patient  should,  if  possible,  be  laid  on  a  water  cushioiL     It  i 
theoretically  to  be  recommended  that  he  lie  on  the  side  or  better  i 
on  the  abdomen,  but  practically  it  will  be  possible  to  retain  tlie  ] 
tient  in  this  position  for  a  short  time  only.     The  food  should  I 
strengthening,  but  not  stimulating;  cooling  drints,  such  as  len 
ade  or  soda  water,  are  indicated,  but  alcohol  is  permissible 
when  there  is  danger  of  collapse.     In  severe  cerebrospinal  m 
gitis,  especially  in  children,  feeding  must  sometimes  be  carriadi 
by  the  stomach  tube.     Of  importance  is  also  the  minute  care  of  1 
skin,  alxjve  all  scrnpulous  cleanliness. 

Antiphlogistic  and  derivative  remedies  are  said  to  be  of 
thera|>entic  value.  It  is  well  not  to  expect  too  much  from  these,  \ 
nt>t  to  make  use  of  them  too  energetically.  We  may  locally  emp 
venesection  or  wet-c^upping,  or  make  ice  appHc-ations  to  the  siAn 
column.  Inunction  with  blue  ointment,  1.0-4.0  (gr*  xv.-3i.)  adij, 
lias  been  recommended,  as  also  the  internal  eiditbition  of  caknncL 
Hydrotherapeutic  measures  would  seem  to  promise  good  resnte; 
they  are  easy  of  application,  esiiecially  the  moist  pack,  but  hot  hiAi 
are  hardly  to  be  recommended  on  account  of  the  difficulty  experienced 
in  moving  the  patient.  For  the  relief  of  violent  pain  morphine  shoold 
be  freely  uHed  with  proper  precautions.  Of  hypnotics  chloral  Ikj* 
drate  still  retains  ii'^  ijlace. 

Chronic  LeptoiaeniiLgitis. 

If  we  except  pachymeningitis  cervicalis  hypertrophic-a, 
meningitis  interna  hemorrhagica,  and  syphilitic  spinal  me 
primary  chronic  inflammation  of  the  meninges  of 
imdoubtedly  a  very  rare  disease,  even  admitting 
tenee.     In  the  first  two  of  the  above-mentioned 
meningitin  the  names  themsehes  denote  that  the 
prinei]mlly  of  the  dura ;  and  in  syphilitic  menf 
and  pia  are  usually  affected  at  the  same  time. 
ever,  of  a  primary,  simple  chronic  iaflammatioi 
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very  donbifal.  We  frequently  meet  with  such  as  a  secondary  disease 
in  tabes  dorsalis  and  progressive  paralysis,  in  myelitis,  and  in 
tumors.  It  is,  however,  of  no  more  clinical  importance  here,  al- 
though probably  it  does  not  occur  without  symptoms,  than  rt  is  in 
senility  and  in  chronic  alcoholism,  in  which  the  exudate  on  the  mem- 
branes is  looked  upon  as  due  to  a  chronic  inflammation,  of  which 
there  is  nevertheless  no  clinical  evidence.  It  was  formerly  believed 
thai  a  chronic  meningitis  not  infrequently  followed  an  acute  one,  but  in 
fact  the  result  of  acute  spinal  meningitis  is  either  a  perfect  recovery 
or  an  acute  relapse  after  a  longer  or  shorter  period  of  improvement. 

At  all  events,  chronic  leptomeningitis  was  formerly  greatly  over- 
rated as  to  its  frequency,  and  the  diagnosis  was  often  incorrect.  Thus 
(lowers  mentions  that  the  symptom  complex,  which  is  now  regarded 
as  that  of  spastic  spinal  paralysis,  was  formerly  nearly  always  looked 
ni)on  as  a  chronic  meningitis.  The  same  thing  has  undoubtedly 
taken  place  in  hysteria,  and  also  in  neurasthenia,  and  especially  in 
those  cases  which  were  formerly  called  spinal  irritation,  and  which 
are  manifested  by  the  presence  of  acute  pain  on  pressure  over  the 
vertebral  spines  and  violent  backache.  Both  the  latter  are  also  main 
symptoms  of  neuroses  occurring  after  railroad  accidents  and  other 
traumatisms,  which  at  all  events  are  related  to  hysteria  and  neuras- 
thenia, and  which  formerly  were  nearly  always  supposed  to  be  due  to 
a  chronic  meningitis.  Many  cases  of  chronic  neuritis  were  also 
probably  looked  upon  formerly  as  cases  of  meningitis,  and  the  same 
is  true  of  many  cases  of  myelitis,  in  which  the  meninges  may  be  in- 
volved, and  which  may  then  present  quite  marked  symptoms  of  irri- 
tation in  the  sensory  region,  especially  pain  and  rigidity  of  the  spine. 

The  existence  of  this  disease  being  then  so  very  doubtful,  we 
must  regard  the  symptoms  that  are  given  in  the  text-books  as  purely 
imaginary.  If  the  disease  were  present  it  would,  no  doubt,  be  mani- 
fested by  backache  and  rigidity  of  the  spine,  radiating  pains,  less 
intense  than  in  acute  inflammation,  spastic  paresis  of  the  lower  ex- 
tremities, and  possibly  circumscribed  muscular  paralysis  and  atro- 
phy. The  spinal  column  in  its  entire  extent,  or  at  individual  points, 
would  be  painful  to  pressure.  Anatomically  the  findings  would  cor- 
iesi)ond  with  those  of  the  convalescent  stage  of  acute  meningitis, 
that  is  to  say,  cloudiness,  swelling,  and  thickening  of  the  pia,  swell- 
ing and  finally  shrinkage  of  the  nerve  roots,  marginal  sclerosis,  etc. 
We  should  beware  above  all  of  mistaking  it  for  any  of  the  func- 
tional diseases  above  mentioned.  It  is  important  to  remember  that 
the  x)ain  in  hysterical  rachialgia  is  usually  more  marked  when  the 
skin  over  the  spinal  column  is  lightly  touched  than  when  actual  pres- 
sure is  made  on  the  spinous  processes. 
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For  the  treatment  of  this  h ypotlieticnl  affection  a  etmrae  mi  < 
the  uiauy  thermal  springs  has  been  recommeuded,  follow^  peffaapa 
by  a  mild  cold-water  cure;  internally,  we  may  give  lodidB  of  pcilaA* 
mum.  In  the  event  of  recovery  nnder  thia  treatment  the  probttfaUilT 
will  be  that  we  had  to  do  with  a  case  of  nenraathenia  or  byatertA«  and 
not  one  of  chronic  spinal  leptomeninptis. 

POLIOMYELITIS   ANTEBIOR. 

Poliomyelitis  Anterior  Acuta  Infantum. 

Syjonyjf^is, — Infantile  spinal  paralyais,  myelitia  of   tim 
lioniH,  acute  anterior  tephromyelitis,  essential  or  atropiiie  iMimlyi 
of  childhood. 


Defdotion. 

The  affection  begins  Huddenly,  aecom|mnied  hy  riolsul  UtmOm 
movement,  alno  frec^iiently  with  marked  cerebral  aymptoiiMy 
cially  coovulHionn;  at  other  time^  it  may  occur  witlumt  auj  < 
tional  sy  mi>toms  whatever.  There  is  a  rapid  appearance  cjI  ; 
usually  extensive  in  the  beginning,  sometimes  involving  Um 
muscular  tiHsue  of  the  trunk  and  extremities,  and  sTeii  mam  freiii 
ly  under  a  [lample^ic  form  invohiu^  botJi  legH,  with  lucis  of 
There  is,  luvwever,  no  disturbance  of  sensation*  The  S| 
not  often  implit-ated  and  trophic  disturboiioes  of  tfao 
cially  decubitus,  are  m^t  encountered.  The  general  aymploma  are  of 
short  duratitin.  The  [lamlysiH  always  shows  its  grealeai  eiluut  at 
the  l>eginuing,  and  is  never  progressive  after  the  ftrsi  bm  daj& 
liecovery  takes  place  in  such  a  manner  that  power  is  gfadaallj 
rest«^reil  in  one  muscle  after  the  other  and  even  in  eotim  axtaBOiitiHi 
and  finally  the  paralysis  is  conhneii  to  one  limb,  to  lai^  gicimia  of 
mnscles,  or  to  single  muscles;  a  perfect  recovery^  fao««insr,  la  ttwl 
with  only  in  rare  cases.  Tlie  muHt'les  wliiih  nuudn  |  ^mnawnllj 
jmralyzed  I »ecome  greatly  atrophied,  the  mimrlfs  and  ili»'ir  tiarvvi  at 
first  showing  a  complete  resection  of  degenefaikNIt  and  later  an 
absence  of  all  electrical  irritability.  The  paralysed  parttoai  d  Ibi 
limbs  also  show  slight  vasomotor  distorbaiiees  of  the  sMa.  The 
growth  of  the  bones  also  does  not  proceed  in  a  aormal  mamiiT.  Aa 
a  result  of  the  muscular  paralysis,  of  im[>e<lime]it  in  tlia  mm  of  the 
limbs,  ami  of  the  retardation  of  osseous  developmeiil,  dflfomilias 
viU  arise  later,  especially  in  the  lower  extremities  and  Uie  a|iittsl 
column  (clubfoot,  scoliosis,  kyphosis,  etc/).     In  other  napodi  the 
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general  health,  as  well  as  the  bodily  and  mental  development,  remains 
permanentlj  good.  The  disease  is  confined  chiefly  to  early  child- 
hood, between  the  ages  of  one  and  four  years;  after  this  it  is  com- 
paratiyely  rare. 

Anatomically  we  have  to  deal  with  an  acute  inflammatory  process, 
which  confines  itself  in  a  great  measure,  though  not  altogether 
sharply,  to  the  gray  matter  of  the  anterior  horns,  leading  to  the  de- 
struction of  their  ganglionic  cells  and  medullary  plexuses  with  resul- 
tant changes  in  the  spinal  roots,  nerves,  and  muscles.  The  inflamma- 
tion, from  the  standpoint  of  the  pathologist,  is  an  interstitial  one;  it 
arises  from  the  blood-vessels  and  involves  pretty  acutely  the  area  of 
the  artery  of  the  anterior  medullary  groove.  We  are  therefore  deal- 
ing with  a  myelitis  of  the  gray  matter  of  the  anterior  horns,  localized 
mainly  in  the  lumbar  and  cervical  enlargements. 

History. 

As  the  clinical  picture  of  infantile  spinal  paralysis  is  such  a 
sharply  defined  one,  it  seems  almost  certain  that  it  must  have  early 
attracted  the  attention  of  good  observers  as  an  independent  affection. 
We  find  in  fact,  in  the  literature  of  the  eighteenth  century,  re- 
ports of  individual  cases  which  belong  here.  J.  v.  Heine  of  Cann- 
stadt,  is,  however,  regarded  by  general  consent,  and  with  perfect 
justice,  as  the  first  to  have  established  the  existence  of  infantile  polio- 
myelitis anterior.  In  a  work  published  in  1840  (a  second  edition  of 
the  same  appearing  in  1860),  v.  Heine  made  a  report  of  this  affection 
with  e6i)ecial  reference  to  the  deformities  which  accompany  it.  This 
monc^^ph  is  clinically,  even  to  this  day,  an  exhaustive  treatise. 
Farther  clinical  advance  then  followed  very  rapidly.  Notable  cou- 
tribntions  were  made  in  1851  by  Rilliet  of  Geneva,  who  gave  to  the 
disease  the  name  of  essential  paralysis  of  childhood.  Duclienne 
of  Boulogne  wrote  most  exhaustively  on  the  functional  disturb- 
ances and  deformities  induced  by  paralysis  of  the  individual  muscles, 
and  was  the  first  to  call  attention  to  the  absence  of  reaction  to  the 
faradic  current  in  the  paralyzed  muscles.  This  fact  was  further 
developed  by  Erb,  who  proved  by  experiments  with  the  galvanic  cur- 
rent that  we  have  to  deal  with  a  complete  reaction  of  degeneration 
in  infantile  spinal  paralysis,  just  as  we  have  in  injury  to  the  pe- 
ripheral nerves.  To  Seeligmiiller  belongs  the  special  credit  of  hav- 
ing given  a  full  explanation  of  the  origin  of  the  contractures  and  de- 
formities in  this  disease. 

Of  a  much  later  date  than  our  clinical  knowledge  of  infantile  spinal 
paralysis  is  that  of  the  anatomical  basis  of  this  disease.     It  is  true 
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that  V.  Heine  bad  already  in  1840,  and  witli  greater  empliMia  itt]86Q^ 
iu  speaking  of  infantile  Bx^mal  paralysis,  iiiHiBted  upon  the  origiii  of  | 
the  paralysis  in  the  spinal  cord,  and  Ducbeime  of  Booloipao  alto 
taugbt  it,  but  neither  of  them  was  able  to  baae  his  opmion  cio  ma^ 
tumical  Codings. 

This  liecame  posBible  in  a  aatisfactorj  manner  ooljr  with  the 
perfection  of  histological  tc^chnique,  and  then  it  wsii  faiUMl  tliAl 
Beat  of  the  lesion  was  in  the  gray  anterior  horns  of  the  spinal  OQ 
At  first  examinations  were  made  for  the  mofit  part  anl j  in  vtry  old 
caHes,  and  for  a  long  time  the  case  of  Koger  and  Damaiichino  reaiaiaaA 
the  only  one  examined  at  an  early  stage.  The  disco^^ry  c»f  the  loe^ 
tion  of  the  lesion  was  foUowed  by  a  dispute  aa  to  whether  the  di*- 
ea^e  was  a  parenehymatons,  a  systematic  (ChartM>t),  i>r  an  ; 
(Damaschino,  Siimltze)  affection;  and  even  to-ilay  the 
BtiU  disciiBsed,  although  most  authors  incline  to  tiio  Utter  Yiev. 
Becent  times  have  enlarged  our  knowledge  of  the  spinal  pumljaia  of  j 
chiklh«-MHl,  e8i>ecially  iu  two  directions.  A  great  numljer  of « 
tions  of  recent  cases  of  acute  poliomyelitis  i)erformed  with  all  the 
auxiliaries  of  modern  techniejue,  and  also  a  careful  study  oCtliMl 
vessels  which  sup|tly  the  Hiiinal  cord,  for  which  we  are 
Kad>i,  have  furnished  us  with  the  positive  proof  that  thin  tlii 
in  fact  an  interstitial  m\  elitis  of  the  gray  anterior  home,  hm 
origin  in  the  bloui  1- vessel s ;  and  its  not  altogether  aheolnle 
tion  to  the  anterior  gray  suli^tance  finds  an  explanation  in  the  hei 
that  tlie  moi^t  important  arterial  trunk — the  artft5ry  of  the  ^wJagMg 
fissure — mainly  sui)plieH  the  same  territory.  A  great  number  of  f^ 
ports  of  the  e[>idemic  apjiearance  of  acute  [X}IiomyeIitiji  have  enlab- 
lished  with  considerable  certainty  the  already  generally  held  0|iiniao 
that  poliomyelitis  anterior  is  an  infectious  ilisease. 


Etiology. 

We  are  not  able  to  decide  whether  the  occurrence  of  infantile  i 
paralysis  in  general  practice  is  a  frequent  or  a  rare  one.     In  i 
eal  and  pediatiic  practice  the  diseiise  is  by  no  means  infrequen^f  m 
with,  and  it  also  forms  a  large  percentage  of  the  material  of  tte  i 
thopedic  surgeon*     Both  boys  and  girls  are  subject  to  it 
frei^juency.     It  is  most  common  in  early  childhood*  with  the  4 
of  the  first  year  of  life.     The  greater  nmnber  of  cases  prohahly  oeeor 
in  the  second  and  third  year,  a  lesser  number  is  met  with  in  the 
fourth  year.     As  we  have   already  mentioned,  it  is  at  the 
time  admitted  that  we  have  to  deal  with  an  infedion  in  infantib 
spimd  paralysis,  a  fact  which  had  been  susi^ected  for  m  lom 
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In  the  first  place,  the  freqnent  beginning  of  the  disease  with  fever  and 
gastric  and  cerebral  symptoms  was  in  favor  of  this  theory,  for  these 
symptoms  proved  at  least  that  the  disease  was  not  a  local  one,  but 
inyoWed  the  whole  economy.  To  this  was  added  the  fact  that  the 
disease  not  infrequently  made  its  appearance  as  a  direct  complication 
of  infectious  diseases,  such  as  measles,  scarlet  fever,  small-pox,  and 
typhoid  fever.  To  be  sure  we  ought  to  mention  that  this  association 
is  not  of  very  common  occurrence,  and  that  these  statements  are 
mainly  transmitted  to  us  from  a  time  when  a  knowledge  of  multiple 
neuritis  was  yet  wanting;  and  in  most  of  the  reported  cases,  although 
certainly  not  in  all,  the  latter  was  probably  the  condition  present. 
The  infectious  nature  of  poliomyelitis  acuta  was,  however,  made 
certain  by  the  first  observations  of  epidemics  of  this  disease,  esjye- 
dally  as  the  diagnosis  in  a  number  of  the  oases  was  confirmed  post 
mortem ;  and  the  anatomical  examination  of  recent  cases  of  the  affec- 
tion hardly  allows  of  any  doubt. 

Although  the  agents  exciting  inflammation  have  not  been  found 
up  to  the  present  time,  and  the  discovery  of  other  histological  evi- 
dences of  a  true  inflammation  in  the  spinal  cord  presents  great  dif- 
colties,  yet,  as  we  shall  see  more  clearly  later,  the  relation  of  the 
lesion  of  the  anterior  horns  to  the  distribution  of  the  vessels  and 
to  disease  of  the  vessels  themselves  is  so  specially  marked  in  in- 
tantile  spinal  paralysis  that  these  facts  alone  are  sufficient  to  es- 
tablish the  inflammatory  nature  of  the  disease.  But  although  the 
infectious  nature  of  the  disease  is  proven,  we  are  obliged  to  confess 
that  we  cannot  say  anything  positive  as  to  the  nature  of  these  patho- 
genic agents,  and  especially  whether  we  always  have  to  deal  with  the 
same  kind  of  infection ;  whether,  in  other  words,  infantile  spinal  pa- 
ralysis is  a  speciflc  infectious  disease,  or  whether  a  number  of  different 
bfectious  agents  are  to  be  considered;  for,  as  above  stated,  no  specific 
infectious  agent  has  as  yet  been  found  in  the  spinal  cord  in  polio- 
myelitis anterior  acuta.  In  the  epidemic  form  it  seems  natural  to  take 
the  presence  of  the  same  micro-organism  for  granted  in  all  cases.  In 
those  cases  which  have  been  observed  after  specific  infections,  either 
the  exciting  agent  of  the  primary  disease,  or  a  secondary  infection, 
or  finally  a  toxin  might  be  the  active  principle.  It  is  difficult  to 
come  to  a  positive  conclusion  in  the  matter,  but  after  the  analogy  of 
other,  and  particularly  of  exi)erimentally  induced  diseases  of  the 
spinal  cord,  it  is  probable  that  a  great  number  of  disease  germs  have 
the  power  to  produce  a  poliomyelitis  anterior. 

Earlier  authors  have  enumerated  a  long  list  of  other  causes. 
Granting  that  these  exist,  they  can  only  be  considered  as  incidental  or 
auxiliary  factors.     In  this  sense  a  cold,  some  traumatism,  or  denti- 
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tioo  may  be  the  cause.     It  bft»  been  supposed  tliai  %iolei]l  taia 

axarcLse  might  be  eb  etiological  fiietor,  and  that  the  dim 

was  met  with  eBpecially  in  children  at  the  time  of  their  ] 

walk.     0|*po8ed  to  this  view  in  the  occurreuoe  of  the  same  liinnaiw  lA 

the  adult.     Sinkler  ha^t  attempted  to  ascribe  an  inflneiioa  to  lilt 

HPiiftons,  the  dirteane  being  thought  to  occur  with  especial  faBqoeotfy 

during  the  summer, 

HertHlitary  coiiditionB  in  all  probability  do  not  plaj  aoj  rule  in 
the  causation  of  infantile  Hpiual  iiaralysis, 

pATHOUKilCAL  AnATOMY, 

The  anatomical  study  of  infantile  spinal  [laralyiiia  hjw  beoii ; 
sued  under  diflicultieB,  for  the  reason  that,  as  the  diseaiie  tmanUj  < 
not  dentroy  life,  recent  cases  but  riirely  come  under  obnarvaiiiiti.  In 
by  far  the  greatest  number  of  casea  examined  the  pandysui  waa  of 
many  yeai^s*  duration,  and  c«nse<iueutly  tlie  p4Jst-morteiu  fitxiimgi 
were  of  little  service  ff)r  the  recognition  of  the  true  nature  of  Una  dit* 
ease.  To-day,  however,  we  are  in  {K)ss6Hsiou  of  a  eiifl 
of  tlioroughly  studied  recQut  crises,  and  are  al>le  to  proteni  an  \ 
t^miical  y>icture  of  the  whole  course  of  the  disease. 

On  niacrtiHCopical  examioatioQ  of  a  recent  case,  def^fi-reil  ( 
of  the  area  of  the  gray  anterior  horns  will  tie  ol>served,  soaMtttoMi 
a  sweUing  of  this  region,  so  that  the  cord  substanc43  will  protnufe  ( 
cross-section.  Generally  the  pn^ess  is  a  \ery  diffuse  one,  inTc 
tlie  anterior  |iillars  in  their  whole  length,  ahhough  eHpociallj  fail 
lumbar  or  cervical  enlargements.  The  white  substance  v^  hawmmm 
rarely  affected.  In  the  scrapings  of  a  section  are  found  rcHUid  cfilli^ 
granular  cells,  myelin,  altered  ganglia,  and  blood-foaecili.  More 
minute  ol^ervations  C4in  be  maile  only  on  hardened  and  *4fiin*il 
prejiarations.  The  process  is  essentially  confined  lo  the 
liorns.  The  more  minute  liistological  cbange^^  are  related  to 
blood-vessels,  the  nerve  tibres,  and  the  ganglion  cells,  TIjio 
of  these  changes  are  the  most  important.  In  the  whole 
area  enormous  numbers  of  engorged  blood-veeaeb  are  Been,  in  wboM 
walls  and  vicinity  red  blood  corpiLscles  and  leoeocytes  are 
in  great  numbers.  The  small-celled  infiltration  obvionalj  i 
diflTusely  from  the  vessels  into  the  tissues.  Usually  both  the  j 
of  the  anterior  iLssure,  if  present  in  the  crossHiectioQ,  and  llie 
artery,  accorLling  to  Kadyi,  are  found  to  be  engorged  and  i 
by  eroded  round  cells.  Occasionally,  though  rarely,  we  find 
sions  of  single  vessels  by  thrombi,  and  larger  hemorrhages  in  tbetr 
vicinity. 
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The  ganglion  cells  present  all  stages  of  degeneration  in  the  dis- 
eased area.  Dauber  has  lately  described  these  minutely.  The  pro- 
toplasm of  the  cell  becomes  turbid,  its  prolongation  is  lost,  its 
nadens  is  dissolved,  and  finally  there  is  left  only  a  shrivelled,  shape- 
less remnant  of  the  cell.  It  is  noteworthy  that  the  destruction  of  the 
ganglia  is  so  very  irregularly  distributed  that  heaps  of  diseased  and 
of  perfectly  normal  cells  are  seen  lying  side  by  side,  and  it  is  possible 
to  find  individual  normal  cells  in  greatly  diseased  regions.  The 
dfiBtmction  of  the  meduUated  nerve  fibres  keeps  pace  with  that  of  the 
ganglia.  Their  histological  conditions  do  not  present  any  pecu- 
liarities. Changes  of  the  glia  tissue  cannot  be  discovered  on  account 
of  the  high  degree  of  infiltration  of  the  diseased  area  with  round 
cells. 

It  is  of  especial  importance  that  all  these  changes,  although  seen 
most  distinctly  in  the  anterior  horns  as  previously  mentioned,  are 
by  no  means  confined  to  the  latter.  This  may  particularly  be  said 
of  the  changes  in  the  blood-vessels — which  are  nearly  always  found 
in  the  neighboring  lateral  columns,  in  the  columns  of  Clarke,  in  the 
roots  of  the  posterior  columns,  and  even  in  the  posterior  columns 
themselves.  Frequently  the  vessels  entering  at  the  periphery  are 
found  diseased.  Within  the  area  of  these  diseased  blood-vessels  a 
degeneration  of  the  nerve  substance  is  naturally  met  with,  and  so  it 
may  happen  that  the  picture  almost  of  a  diffuse  myelitis  is  presented 
in  recent  cases  with  great  involvement  of  the  blood-vessels. 

In  the  further  course  of  the  disease,  the  processes  described  re- 
trograde more  and  more.  In  the  parts  less  severely  affected,  the 
products  of  inflammation  and  degeneration  are  reabsorbed,  and  the 
nervous  tissues  recuperate.  In  this  manner  the  disease  retreats  more 
and  more  to  smaller  areas,  until  finally  but  one  or  a  few  circumscribed 
definite  foci  remain.  Macroscopically  there  is  pot  much  to  be  seen 
in  these  old  cases.  On  cross-section  it  is  sometimes  possible,  if  the 
affection  is  unilateral,  to  see  the  contraction  of  the  affected  anterior 
horn,  and  sometimes  that  of  the  entire  side;  and  in  cases  of  bilateral 
disease  a  marked  diminution  of  the  whole  lumbar  enlargement  is 
noted.  The  real  foci  of  disease,  however,  are  recognized  only  by 
microscopical  examination  of  cross-sections.  They  have  their  seat 
mainly  in  the  gray  anterior  horns  and  affect  these  in  an  irregular 
manner,  either  wholly  or  only  in  part.  Their  histological  character 
is  that  of  a  cicatrix,  the  nerve  filaments  are  nearly  totally  absent,  and 
renmants  only  of  the  ganglionic  cells  are  left,  the  glia  is  augmented, 
and  spider  cells  are  also  found.  Usually  even  here  numerous  blood- 
vessels with  thickened  walls  are  found,  and  we  may  convince  our- 
aehes  from  the  examination  of  a  series  of  sections  that  these  vessels  as 
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a  general  rule  ai*6  situated  iu  the  centre  of  a  disease  locm*    In  t 
old  cases  the  anterior  horns  ai^  bj  no  me^us  the  onlj  diaeafied  ] 
tions.     The  lesions  extend  over  the  border  into  the  white  matter,! 
attention  has  been  alreatly  called  to  the  participation  of  the ! 
colnmns  in  the  degeneration.     The  distribution  of  the  disease  m\ 
different  areas  of  the  cord  may  also  be  seen  in  old  cases.    It  is  y 
irregular,  varying  in  every  case*     In  one  case  we  may  find  ojAj  ( 
lesion  in  an  anterior  horn  of  the  cervical  or  lumbar  cord,  in  i 
a  number  of  them  may  exist  partly  in  the  cervical  and  partlv  in  i 
lumbar  cord ;  or  most  frequently  two  foci  are  found  in  the  In 
cord  in  the  right  and  left  anterior  honis,   but  even  then  not  i 
metrically  placed.     The  cervic^il  and  especially  the  lumbar  ' 
menis  seem  to  have  the  preference ;  smaller  foci  in  the  dorsal 
however,  are  no  doubt  overlooked  occasionally,  especially  if  tli«j  ( 
not  give  rise  to  clinical  symptoms.     The  anterior  roots  cor 
ing  to  the  areas  of  disease  are  degenerated  in  both  their  intra- 1 
extramedullary  portions,  and  the  corresponding  nervea  and  ma 
are  also  degenerated. 

The  bones  of  the  paralyzed  extremities  are  atrophied,  their  ] 
esaes  and  rid^^es,  an  well  as  the  points  of  attachment  of  innsclet»  i 
little  (leveluped,  and  the  true  bone  substance  particularly  is  atrophia 

From  these  anatomical  changes  we  conclude  that  infantile  spii 
paralvHia  may  be  characterized  anatomically^  as  an  acute  mjei 
especially  of  the  gray  anterior  horns. 

The  pathogenic  agent  is  carried  to  the  diseased  area  by  : 
the  blood  current;  most  likely  inflammatory  thrombotic  or  emb 
processes  are  at  the  bottom.     The  iuflammatioii  is  mainly  foand  i 
the  area  of  the  so-called  central  arteries,  which  arise  from  thei 
rior  median  artery.     This  explains  its  confinement  essentiall j  to i 
anterior  liorus,  for  Kadyi  has  shown  that  this  largest  vessel  of  I 
si>inal  cord  contributes  primarily  to  the  nutrition  of  the  gniT  i 
and  eH]ipciiilly  to  tliat  of  the  anterior  horns.     As,  however,  no  ' 
sharjj  boundaries  exist,  but  the  branches  of  the  central  artery  ] 
always  extend  over  the  border  of  the  anterior  horns  and  pwi  i 
Clarke' H   columns   and  into  the   lateral   columns,  an  explanAtion 
offered  for  the  fact  that  the  inflammatory  process  in  acute 
myelitis   in   never  sharply  confined  to  the  anter       '       -  «- 
wa>'s  encroaches  on  the  surrounding  area,     Tlie  f 
branches  of  the  central  artery  of  the  spinal  cord  d 
or  even  mainly  in  an  obliqire  direction,  but  espc 
downwards  fi'om   the   entrance   of  each   branch 
TlniH  the  areas  wliich  are  finally  altogether  desi 
of  cylinders  whose  extremities  gradually  become 
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size  is  reduced  with  every  cross-section.  The  length  of  a  single  lesion 
is  about  1.5  to  2  cm.  Finally,  the  inflammation  does  not  always  by 
any  means  confine  itself  to  the  area  of  the  central  artery,  but  as  a 
general  rule  a  few  other  arteries,  which  are  shorter  and  enter  the  cord 
from  the  meninges,  are  involved;  these  may  also  in  part  penetrate 
the  gray  matter. 

We  thus  see  that  the  old  contention  between  the  upholders  of  the 
paienchymatous  and  those  of  the  interstitial  nature  of  poliomyeli- 
tis is  decided  in  favor  of  the  latter.  The  parenchymatous  nature 
cl  the  process  received  especial  support  from  the  great  author- 
ity of  Charcot,  and  this  view  was  for  a  long  time  upheld,  because 
aoeording  to  it  poliomyelitis  would  depend  upon  a  constitutional 
disease,  and  the  doctrine  of  a  constitutional  disease  was  at  this 
time  enjoying  rather  too  much  favor.  Dejerine  even  went  so  far  as 
to  attempt  to  confine  the  prcx;ess  of  degeneration  to  certain  groups  of 
ganglia  or  to  the  anterior  horns,  an  assumption  which  according  to 
the  latest  discoveries  is  altogether  incorrect.  Were  the  process  one 
of  primary  parenchymatous  degeneration  of  the  ganglion  cells,  it 
would  necessarily  confine  itself  to  these  and  their  immediate  neighbor- 
hood, and  could  not  involve  the  spinal  cord  as  diffusely  as  it  does  in 
fact  in  most  cases.  At  the  most  we  could  admit  a  secondary  degen- 
eration of  the  branches  of  the  cells  of  the  lateral  columns. 

The  reason  why  the  inflammation  should  always  in  a  striking 
manner  prefer  the  area  of  the  central  artery  is  not  even  yet  definitely 
known.  We  must  confess  that  we  are  just  as  ignorant  of  this,  on  the 
whole,  as  we  are  of  the  reason  why  the  syphilitic  virus  of  tabes  should 
prefer  the  sensitive  areas,  or  should  by  preference  attack  at  one  time 
the  carotid  and  at  another  the  basilar  arteries  of  the  brain.  If  we 
took  for  granted  that  the  anterior  gray  columns  or  their  ganglia  bear 
some  particular  relationship  to  the  specific  virus,  we  should  only 
again  revive  the  old  doctrine  of  i)riinary  invasion  of  the  ganglion  cells 
in  another  form.  Goldscheider  believes  that  there  may  exist  peculiar 
conditions  of  pressure  in  the  central  artery,  or  unusually  favorable 
conditions  of  diflfusion  for  the  virus  of  the  disease  in  its  area.  This 
supposition  is  of  course  purely  theoretical,  and  it  would  perhaps  be 
better  simply  to  confess  our  ignorance.  We  desire,  however,  to  em- 
phasize once  more  that  in  the  first  place  there  is  only  rarely  present 
a  very  sharp  restriction  to  the  area  of  the  central  artery  in  typical 
cases  of  spinal  paralysis  of  childhood,  and  that  we  are  cognizant  in 
the  second  .place  of  all  transitions  in  a  pathologico-anatomical  sense 
between  poliomyelitis  and  transverse  myelitis,  to  which  l>elong  the 
disseminated  forms  of  myelitis  and  diflfuse  central  mvelitis;  indeed 
poliomyelitis  is  generally  in  the  beginning  more  or  less  difi'use.  The 
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cerebral  a}  mptoma,  convulsiouH   and  cranial-nerve  pakied,  do 
enter  into  consideration  in  this  connection. 


Symptoms  and  Coubse. 

Spinal  paral ysia  of  childhood  may,  according  to  its  coiiTse,  be  i 
vided  into  three  stages:  1*  The  prodromal  period^  and  the  acute  1 
ginning  of  the  disease,  the  initial  stage;  2.   The  peritxi  of  jmralj 
in  its  most  diffused  stage ;  3.  The  period  of  the  gradual  amelio 
of  this  paralysis  as  far  as  it  will  go,  and  the  determination  of  the  j 
maneutly  paralyzed  groups  of  muscles,  including  the  sequelie  dl  \ 
paralysis   (contraittious,  deformities).     These  periods  are  ol 
not  sharply  marked,  but  usually  merge  into  each  other. 
proflromal   pains  are  very  rare;   sometimes  the  children  will 
plain  of  weakness  of  the  limbs,  become  listless,  and  lose  their  i 
j>etite.     As   a   rule,  Iiowever,  they  are  suddenly  overtaken  bj  I 
disease  while  in  perfect  health.    It  is  possible  to  distingnisli  I 
forms  of  the  initial  stage,  characterized  as  febrile,  or  febroneu 
or  as  purely  neuixitic,  or  possibly  there  may  be  no  particular  syn 
toniH ;  more  logically  expressed,  the  initial  stage  is  absent.     We  i 
coiifeHH  here  that  we  know  very  little  about  the  initi^il  Btaice  I 
direct  medical  observation,  as  medical  assistance  is  usually  inti 
only  after   paralysis   has   already  occurred;    only   the   more 
nervous  symptoms  of  the  initial  stage  are  likely  to  come  under i 
cal  observation.     As  a  general  rule,  however,  we  shall  have  to  I 
bat'k  on  the  previous  history. 

Tiie  febrile  initial  stage  is  most  frequently  met  with.     It  is  ' 
ally  at^companied  by  gastric  sym]>t<>ras,  often  by  vomiting.    In&l 
clortcly  observed  cases  it  was  found  that  the  tem|>erature  hadi 
above   39''  C.  (102.2°  F.).      Fever  usually  continues  only  a 
while— twenty -four  hours — at  moat  three  to  four  days  (Media). 

In  the  febroneurotic  initial  stage  the  fever  is  aex^omp&nied 
marked  cerebral  symptoms,  most  frequently  spasms  are  presieiit*! 
these  usually  in  the  form  of  general  convuLsions ;  more  rarelv 
invohe  only  one  side  or  a  single  extremity.     One  attack  ohIti 
occur,  or  a  status  epilepticus  may  rem     i.     In  this  case  the  ch 
may  sometimes  die,  and  then  the  di  *    ' 

the  latter  was,  however,  determim 
din*s  cases.     A  comatose  or  stup< 
of  the  spasm.     It  is  only  in  rare 
rotic  symptoms  alone  are  presei 

Cases^  iu  which  dintinct  initi. 
rare,  at  least  according  to  the  h 
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child  has  been  pat  to  bed  on  the  previous  evening  in  perfect  health, 
lias  slept  i)eacefully  daring  the  night,  and  in  the  morning  the  paraly- 
sis is  noticed.  In  very  yoang  children,  or  when  no  close  observa- 
tion has  been  made,  the  paralysis  may  occasionally  not  be  discovered 
by  the  parents  until  a  long  time  after  its  occurrence. 

The  paralysis  itself — the  second  stage  having  now  been  reached— 
is  generally  a  very  extensive  one  in  the  beginning.  In  many  cases, 
the  trunk  and  all  four  extremities  are  involved,  frequently  also  the 
muscles  at  the  nape  of  the  neck;  and  in  cases  in  which  the  paralysis 
is  confined  to  the  lower  extremities,  there  is  at  least  a  total  paraplegia. 
As  the  beginning  of  the  paralysis  is  hardly  ever  observed  by  the  phy- 
sician, we  have  no  positive  knowledge  of  the  manner  of  its  develop- 
ment; its  appearance  is  at  all  events  very  sudden— in  some  cases 
nearly  in  an  apoplectiform  manner.  It  has  only  rarely  been  observed 
that  one  limb,  for  example,  was  paralyzed  in  the  morning,  and  an- 
other in  the  evening.  As  a  general  rule  it  may  be  assumed  that  after 
distinct  paralytic  symptoms  have  existed  in  a  case  for  nearly  twenty- 
four  hours,  a  further  extension  of  the  latter  need  not  be  feared,  the 
disease  has  then  reached  its  acme,  and  a  change  for  the  better  only  is 
to  be  looked  for;  the  paralysis  therefore  is  in  no  case  a  progressive 
one. 

Cases  in  which  the  paralysis  from  the  beginning  involves  only 
limited  muscular  areas,  as  one  leg,  the  muscles  of  the  sacral  plexus, 
the  shoulder  and  arm,  are,  as  already  mentioned,  of  rare  occurrence. 
In  these  cases  of  partial  paralysis,  the  general  rule  holds  good  that 
m  the  arm  the  proximal,  in  the  leg  the  distal,  muscular  areas  are 
usually  imralyzed,  although  exceptions  to  this  rule  may  of  course  be 
met  with.  It  is  important  to  remember  that  paralysis  of  certain 
cerebral  nerves  may  also  occur  in  the  course  of  a  "  spinal"  paralysis 
of  childhood.  Most  frequently  the  hypoglossus  or  the  facial,  or 
the  facial  and  abducens  are  affected.  We  have  met  with  cases  of 
paralysis  of  the  facial  nerve  which  were  very  similar,  especially  in 
their  local  symptoms,  to  a  poliomyelitis  acuta,  but  in  which  there 
▼as  no  spinal  paralysis  whatever.  These  cases  are  probably  closely 
related  to  those  of  extensive  encephalitis  recently  described  by  Oj)- 
penheim.  We  have  seen  a  similar  case  in  which  there  remained  a 
slight  facial  paralysis.  Medin  also  has  recorded  a  few  instances  of 
facial  paralysis  among  his  cases ;  Bedlich  found  in  such  a  case  foci  of 
disease  in  the  pons  and  medulla  oblongata.  These  cases  are  also  im- 
portant from  a  theoretical  point  of  view,  because  they  demonstrate 
the  presence  of  disease  of  the  general  nervous  system  in  infantile 
spinal  paralysis. 

The  paralysis  in  acute  poliomyelitis  is  at  the  outset  a  flaccid  one, 


B92 


BRUNS  AND  WDTDSCHEIB— DISEASES  OF  THE  SPINAL  G»BD. 


the  reflexes  in  its  whole  area  being  abBent.     At  first  there  is, 
course,  no  atrophy,  and  the  disturbances  of  reaction  to  the  el 
current  are  probably  very  slight  during  the  first  few  days 
mill  let  has,  however,  found  markeil  lowering  of  electric  irrital 
as  early  as  the  third  day.     Sensation  is  always  preserved,  lui  fir 
this  can  1>6  determined  in  little  children;  jvain  is  said  to  be  pi 
occasionally.     The  bladder  may  be  affected  in  the  initial  si 
thon^^h,  of  course,  tliis  is  a  difficult  matter  to  deteraaine  in  very  yi 
children,  and  the  same  may  be  said  of  distnrl>anc€«  of  ftinctian 
the  rectum.     There  is  never  any  permanent  involvement  of  th€0e 
gans  in  the  later  stages  of  infantile  paralysis.     As  a  rule  the 
health  is  good.     Decubitus  is  never  produced.     This  severe  etigt 
the  paraly.*«iH,  consistiog  in  the  worst  cases  of  a  total  paralysis  of 
muHclcB  whose  innervation  proceeds  from  the  spinal  cord,  la^ts  i 
a  short  time,  usually  not  longer  than  a  couple  of  days.    Then 
first  movements  return  generally  in  the  toes  or  in  the  fingers. 

At  first  improvement  is  rapid,  very  soon  one  whole  extremitr, 
both  nijper  ones  for  example,  again  recover  their  motiUty.    Ui 
the  mUHcles  of  the  unpa  of  the  neck  and  also  those  of  the  tnmk 
idly  improve.     By  the  end  of  the  first  nix  weeks  only  those  mi 
remain  paralyzed  Avhich  will  \m  permanently  disabled.     Kecotrtt 
however,  not  yet  completed,  but  its  progress  fr^via   this  time  on 
slower.     Finally  only  a  [>ortitm of  the  miiseleH  of  the  extreniiij  wl 
was  chiefly  affected  remains  paralyzed,  while  another  portion  goei 
to  recovery.     In  this  manner  convalescence   may  continue  into 
third  quarter  of  the  year  from  the  date  of  the  beginning  of  thep^nlj 
sis,  liut  after  tliis  the  affection  unually  remainH  sttitionary;  in 
wordrt,  those  muscles  which  have  not  regained  thcnr  functioii8  br 
expinLtion  of  nine  months  will  never  afterwards  regain  their  powff* 

It  mny,  as  a  general  thiug,  l>e  said  that  tlje  more  extensile 
paralysin,  the  more  rapidly  in  the  beginniug  will  be  the  imp] 
If,  <jii  tliB  other  hand,  the  paralysis  was  a  circumscribed  one 
the  1>eg!nning,  then  convalescence  also  bo  slow.     This  is  de] 
on  the  fai't  that  in  the  first  case  the  anatomical  changes, 
difTuHe,  are  severe  only  at  one  point,  while  in  the  latter  case 
roniiued  to  a  narrow  field,  but  are  i^ronotmced  in  this  area. 
reason  th*ise  rare  causes  in  which  the  paralysis  doe« 
all,  but  persists  in  the  stage  of  its  greatc^st  extern 
usually  by  a  jiaralysis  which  is  circumscribed  fr» 
It  iH  rpiestionable  whether  improvement  in  i" 
can  ever  progress  to  a  pe** 
be  denied  a  priori^  hni 
rcncej  it  is  difficult  to 
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tomical  sense.  We  are  at  this  day  aware  that  the  motor  centres  of 
most  muscles  occupy  more  than  oQe  spinal  segment,  so  that  a  paraly- 
sis of  any  given  muscle  obtains  only  when  its  entire  nerve  centre  is 
destroyed.  Poliomyelitic  foci,  which  confine  themselves  to  one  seg- 
ment, therefore,  need  not  cause  a  permanent  paralysis.  This  latter 
condition,  however,  occurs  unfortunately  very  rarely,  as  the  branches 
of  the  central  artery  distribute  themselves  over  numerous  segments. 
An  apparently  perfect  cure  may  perhaps  sometimes  occur,  when  a 
lesion  is  present  in  the  dorsal  region  of  the  cord,  involving  at  first  the 
muscles  of  the  cervical  or  lumbar  enlargements,  and  later  concentrates 
itself  altogether  in  the  dorsal  region,  thus  giving  no  evidences  of  its 
presence.  Practically,  however,  it  may  be  said  that  in  all  cases  of 
infantile  spinal  paralysis  a  definite  paralysis  will  remain  behind  in 
some  part  of  the  body. 

The  grouping  of  these  definite  forms  of  paralysis  is  of  course  ex- 
ceedingly diverse,  one  is  inclined  to  sa^  arbitrary,  as  it  depends  on 
the  site  and  the  size  of  the  lesion,  and  of  course  also  upon  the  number 
of  lesions  remaining.  Seeligmiiller  has  compiled  a  table  of  the  indi- 
vidual varieties,  according  to  the  frequency  of  their  occurrence.  Pa- 
ralysis of  the  lower  extremities  is  much  more  frequent  than  tliat 
of  the  upper.  Paralysis  of  one  lower  extremity  only  is  most  fre- 
quently met  with,  and  then  usually  does  not  involve  the  entire  limb, 
being  often  confined  to  the  muscles  of  the  leg,  to  the  flexor  or 
extensor  muscles  of  the  foot,  or  perhaps  to  the  muscles  of  the  thigh, 
those  of  the  leg  remaining  normal.  Total  paralysis  of  all  the  muscles 
of  one  leg  is  very  rare.  We  have  seen  the  long  flexor  muscles  of  the  toes 
remain  normal,  with  relative  frequency,  in  cases  of  nearly  total  paraly- 
sis. Some  one  or  more  of  the  muscles  of  the  hip  joint  also  usually 
escape.  Paralysis  of  both  limbs  frequently  occurs,  but  it  is  hardly 
ever  entirely  symmetrical ;  thus  the  muscles  of  both  thigh  and  leg 
may  be  involved  in  one  limb,  while  in  the  other  only  those  of  the  leg 
are  affected.  A  paralysis  of  all  four  extremities,  paraplegia,  or  a 
crossed  paralysis,  as  of  the  right  leg  and  the  left  arm  for  example,  is 
rare.  Hemiplegic  forms  of  paralysis  occur  very  rarely ;  the  rarest  of 
all  forms  is  a  cervical  paraplegia.  We  see  not  quite  so  infrequently  a 
paralysis  confined  to  one  tibialis  anticus  muscle.  Permanent  forms  of 
paralysis  of  the  muscles  of  the  trunk  are  more  frequent,  but  those  of 
the  flexors  of  tlie  neck  and  head  or  of  the  diaphragm  are  very  rare. 

Although  there  is  apparently  little  order  in  the  distribution  of  the 
paralysis,  this  is  changed  when  we  come  to  study  the  grouping  of  the 
permanent  forms  of  paralysis.  To  Eemak  belongs  the  credit  of  hav- 
ing been  the  first  to  point  out,  from  purely  clinical  observations,  that 
certain  combinations  in  the  forms  of  the  paralysis  typically  recur. 
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He  also  came  to  tlie  couclnHion  that  tb^f«  types  must  have  their  oriKUi 
in  the  anatomical  ^^oupinR  of  th(^  motor  centrea  of  the  mit«cl«^  in  lh# 
iDdivitliiHl  diseaseil  negmenta  of  the  Hpiual  cord.  Further  clinicij 
ohHprvatioDs,  especially  iu  Ciises  of  injury  t»f  the  dpinul  ccirJ,  aa  al«> 
experimental  researeheB,  made  enpetnaHy  by  the  Eti^li^b,  liavi?  Mbcum 
that  in  atfecticms  i>f  tlie  njiper  portioD  of  tlie  cervical  enlariceiiiieiit 
we  have  paralyniB  of  the  deltoid,  iufraKpinatius,  bic^efis  braelitiiltA. 
and  anpinator  longns  miiacles*  Should  the  affectton  of  the  eonrksl 
portion  of  the  s[»inal  cord  travel  dowuwardn,  the  exteOBOrs  of  ihm 
hands  and  tingers  will  be  Br8t  affected;  Hhoukl  it  have  ito  seat  in  Hm 
lower  [Kirtiou  of  the  cervical  enlargement,  the  flexorn  alone  may  poa* 
sibly  \je  jiaralyzetL  Paral\'ftiB  of  the  *iuailrice[j8  is  iwry  baqoaollj 
combined  with  that  of  the  adductor  muscles,  although  tba  aartortiia, 
which  arineH  much  higher,  eftcajKes  with  remarkable  frequauey.  On 
the  other  hand»  the  til>iali8  antici"m  is  not  rarely  iurolred  in  fiaralvi 
of  the  *|uatlrice]>s  femoris.  This  muscle  again  fiometiiEwa 
normal,  while  all  the  inii»c*le8  of  the  leg  are  affect^^  or  finally  it  i 
be  the  only  one  paralyzed.  The  extenHor  communis  digitoroiD 
generally  }jaralyzed  together  with  the  peronei  mascles,  the  mnadeal 
the  calf  remaining  inbict,  and  when  the  latter  are  inrolrM  it  tr^ 
tpieutly  har>pens  that  the  peronei  ei*cape. 

Ab  liefrtre  mentioned,  all  tlieae  typea  ar*^  fully  explained  by  what 
we  now  know  an  to  the  grouping  of  the  muMcle  centrea  in  the  indi* 
vidual  ftegraentx*?  of  the  siiinal  coitl,  the  anatomical  details  of  whldi  it 
18  unueceftsary  to  enter  uiK>n  here.  This  rule,  however^  ia  of  enarm 
not  an  absolute  one,  for  the  extent  of  the  individual  laaion  ia  tiatnr* 
ally  not  always  the  same,  and  quite  irregidar  off  shoots  may 
out  from  the  uiain  f<K*U8  and  alter  the  symptomattilogy  rery  i 
ably;  the  grouping  of  the  fmralysb  will  also  depend  ui)on  the  i 
the  motor  centre  of  ea(di  individual  muscle,  as  one  of  alight  ettaat 
is  naturally  morn  easily  destroyed  than  a  long  one.  The  pamlyata 
is  of  the  relaxetl  %*ariety  from  beginning,  and  so  remaina  e?an  in  &• 
muscles  which  are  permanently  piiralyzed-  NeurogenoiM  eootmK 
turea  never  occur,  and  those  contractures  which  are  freqoently  iboI 
with  later  on  are,  as  we  shall  see,  of  an  altogether  diflTitrpnt  natam 
All  the  reflexes  which  are  dependent  on  the  i>ermani*ntly  paralyjipd 
muscles  remain  definitely  al>sent.  Ab  regartla  Ui^  uphineterB  aial 
the  general  sensibility,  nothing  nee<I  be  add^  to  what  haa  already 
been  said. 

The  tro[)hic  disturbances,  eapecially  those  relating  to  the  mz 
are  of  very  great  importance.     The  muedea  gtten  ovar  to  per 
paralysis  usually  very  rapidly  become  atrophied.     This  atrophy 
generally  be  demonstrated  within  a  few  weeks  after  the  attack^  and  U 
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then  makes  rapid  progress.  When  the  muscles  of  an  entire  extremity 
remain  permanently  paralyzed,  they  may,  by  the  end  of  from  six  to 
nine  months,  be  so  far  destroyed  that  there  seems  to  be  nothing  but 
bone  covered  by  the  skin.  Those  muscles  which  recover  during  the 
first  few  weeks  do  not  become  atrophied,  but  those  portions  of  the 
muscle  whose  restoration  is  deferred  for  a  long  time,  many  months 
perhai)8,  will  become  more  or  less  atrophied  according  to  the  dura- 
tion of  the  paralysis. 

The  changes  in  electrical  reaction  will  go  hand-in-hand  with  the 
trophic  disturbances  of  the  muscles.  In  the  greatly  affected  muscular 
areas,  exactly  as  in  grave  peripheral  paralysis,  there  may  be  demon- 
strated, probably  after  twelve  to  fourteen  days,  sometimes  a  little 
later,  a  complete  reaction  of  degeneration.  Both  intra-  and  extra- 
muscular  irritability  to  the  faradic  current  will  be  absent,  as  well  as 
the  extramuscular  irritability  to  the  galvanic  current.  On  the  other 
hand,  the  direct  galvanic  excitability  of  the  muscles  is  increased,  and 
we  frequently  obtain  the  formula,  AnCC>CaCC,  but  the  contractions 
are  slow.  The  muscles  which  rai»idly  recover  do  not  show  any  change 
in  their  electrical  irritability ;  those  which  remain  paralyzed  for  a 
long  time,  but  eventually  recover,  generally  show  a  slight  diminution 
of  excitability  to  all  forms  of  electricity,  but  without  qualitative 
changes.  It  may  thus  be  seen  of  what  importance  an  electrical  ex- 
amination is  in  the  diagnosis  and  especially  in  the  j^rognosis  of  in- 
fantile spinal  paralysis ;  for  it  may  be  said  with  absolute  certainty 
that  those  muscles  which  show  complete  reaction  of  degeneration 
after  the  fourteenth  day  will  remain  permanently  paralyzed,  and 
that,  on  the  other  haud,  all  others,  even  those  with  a  marked  but 
simple  diminution  of  excitability,  will  recover. 

In  the  permanently  paralyzed  muscles  the  exaggeration  of  gal- 
vanic irritability  disappears  at  about  the  second  or  third  month,  and 
then  this  irritability  gradually  decreases  more  and  more ;  but  it  is 
very  characteristic  of  infantile  si)inal  paralysis  that  the  remains  of 
an  intramuscular  galvanic  excitability  may  still  be  demonstrated  for  a 
long  time  in  the  paralyzed  muscles. 

The  trophic  disturbances  of  the  bones  have  been  mentioned  above. 
We  have  to  deal  mostly  with  a  retardation  of  growth  in  their  length ; 
the  bones,  however,  also  remain  thinner,  and  their  ridges  for  the 
muscular  attachments  are  absent.  This  retardation  of  growth  is  found 
in  the  paralyzed  extremities,  but  does  not  altogether  conform  to  the 
gravity  of  the  muscular  paralysis.  Seeligmiiller  has  seen  one  ease  of 
excessive  growth  of  bone  in  its  lengtli.  True  trophic  disorders  of  the 
skin  are  not  observed,  but  vasomotor  disturbances  are  always  found. 
Generally  the  skin  of  the  paralyzed  limbs  is  cyanotic  and  colder 
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than  that  of  those  not  paralvzed;  occasionaUy  also  it  in  ^Itghtljr 
fijilematnus. 

Finally,  the  contnw*ture«  and  deforniitieH  otTurriiig  9»  m  seqtid  to 
tlie  paraljHiH  are  of  clasHicul  im]K>rtaDee.    The  two  eondittouii  ofierfaip 
each  other.     We  designate  as  eontmetiii-P8  the  di^*tortiou  u(  tba  poili* 
tioD  of  the  lim!>8  in  the  early  period,  when  they  can  readily  b©  cor- 
rected; while  we  sneak  of  deformities  4»uly  when  the  ahiKirnud  posi* 
tion  cannot  l>e  rectified  without  having  recoun?»e  to  heroic  : 
for  reasoDB  that  will  lie  dincuHHod  tielow.    Besides  these  Im^  i 
deforniitieH  we  ineet,  especially  in  the  worst  cases,  with  th©  stxalkd 
flail  joint.     The  deformities^  like  the  paralysis,  are  mtmi  {rfii|iidiillf 
found  in  the  lower  extremity,  e8i>eciHlIy  in  the  ftKit.     M*mi  \ 
we  find  bdipes  e*piinovarns,  next  to  it  e^jninus,  fre^ioetilljr 
panied  by  pes  cavus;  more  rarely  we  see  [>e8  planus,  valgum,  or  ' 
and  much  less  fref|uently  talii>es  calcaneus^  which  may  lie  cUrtdtd 
intrj  the  more  frequently  (x*curring  tali|>es  c4ilcaneovalgi]i».  with  i 
]ianying  cavus  and  tali[)es  calcaneovarus.     At  the  knee- joint ' 
frequently  meet  with  genu  reciirvatuni,  eversum,  or  inndmam^fsty 
rarely  with  a  contracture  of  the  tlexor  muscles.     At  the  hip  joint  ^i^kJ 
fre«|ueatly  find  a  Hjiil  joint  (Jftuthe  dr  fX}lichiin'lli') ;  coutmcttired  ia  tlil^^ 
position  of  alHlii(*tion  or  adduction  with  flexion  and  rotatioii  mrm  aha 
encountered.     In  theee  ciiBes  luxations  of  the  heatl  of  ths  femttr  laaj 
alnu  iK'cur. 

In  the  shonltler  we  fre<piently  find  that  tlie  heiul  of  th©  hasnerai 
has  left  the  glenoid  cavity,  the  so-called  jianilvtic  suhluxalioa.  In 
the  hand,  tlexion  of  the  fingers,  or  extension  of  Uilh  fingt^rs  aotl  liaoil, 
may  lie  observed.  In  the  hand  and  tingera  contraetmi»  otdy  batm 
actual  defurmitit»s  are  fMUud. 

There  are  three  fattnrs  which  are  concerned  in  the  prodnotioB  of 
the  deforniitieH  of  infantile  pandysis;  these  are  in  the  or\iar  of  tbetr 
iniiHirtance  as  follows:  In  the  first  instance  we  have  the  primarr 
voluntary    cnntrju'tion   of  the   non-panilyzed  muscle**  of  thi*   jouil^ 
wrhich,  not  lieing  corrected  l>y  the  opposing  jmralyjsed  imnelcn^  b^ 
come  permanently  contractnred.      In   this  manner  the 
are  proiluced,  especially  in  cases  in  which  only  certain tif  the  : 
which  move  a  joint  ai-e  pandyzed.     Under  the  se<*ond  baadioK  m^r 
be  phiced  the  static  conditions  esjiei'ially  urgcil  by  Volkoijum,  iuUDi»ljrt 
the  simple  weight  4if  the  paralyze<l  Iind»s,  the  prc^ssun^  of  the  bed 
clothes,  and  the   result,  esi>ecially  in  the  foot,  of  the  faulty 
caused  by  the  active  eontriu^tion,  for  example,  taliftm  numi  or 
or  cjdc^nens,  which  is  continually  increaaed  by  the  act  of  waltt||^ 
These  static  conditions  nnist  of  necessity  act  alone  if  all  the  mtaMlia 
of  a  jtiiut  are  paralyzed.     They  act  together  along  with  the  oooinciiatt 
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of  the  muscles  in  cases  of  paralysis  of  a  portion  only  of  the  muscles 
of  a  joint.  They  may  here,  as  previonftly  mentioned,  increase  the 
effect  of  the  muscular  contractions,  or  sometimes  may  antagonize  it, 
as,  for  example,  in  the  case  of  a  pes  equinus  in  which  the  action  of 
the  muscles  is  not  too  powerful.  It  goes  without  saying  that  these 
static  causes  of  deformities  act  especially  in  long  neglected  cases. 
It  cannot,  however,  be  emphasized  too  strongly  that  of  the  two  men- 
tioned factors  the  first — the  muscular  traction — is  by  far  the  more  im- 
X>ortant.  This  may  be  seen  particularly  when  it  causes  changes  in 
the  position  of  a  limb  directly  opx>osed  to  the  weight  of  the  extrem- 
ity ;  thus,  for  example,  in  x>es  calcaneus,  in  cases  in  which  the  chil- 
dren have  never  walked,  in  flexion  of  the  knees,  in  flexion  and  abduc- 
tion or  adduction  of  the  hip-joint,  in  extension  of  the  hand  and 
fingers.  It  is  a  consideration  of  these  cases  which  has  in  particular 
led  to  the  final  rejection  of  the  teaching  of  Yolkmann,  who  acknowl- 
edged only  static  conditions  in  the  production  of  deformities. 

The  third  factor  consists  in  permanent  nutritive  shortening  of  the 
contractnred  muscles,  shortening  and  deformity  of  the  tendons  and 
ligaments,  and  changes  in  the  surfaces  of  the  joints.  In  this  manner 
the  retardation  in  the  growth  of  the  bone  is  also  brought  about.  At 
this  stage  the  distortions  of  x>osition  are  not  easy  to  correct,  for  the 
deformity  is  already  an  accomplished  fact.  As  before  stated,  rigid 
deformity  of  a  joint  does  not  usually  occur  when  all  the  muscles  mov- 
ing it  are  paralyzed,  for  then  a  flail  joint  is  the  result.  It  is  not  to  be 
expected,  when  we  consider  the  variety  of  the  individual  factors  caus- 
ing the  deformity,  that  in  each  individual  case,  with  a  similar  grouj)- 
ing  of  the  paralyzed  muscles  the  same  anomaly  of  position  should 
occur;  in  other  words,  we  cannot  always  with  certainty  tell,  from 
the  deformity  alone,  which  muscles  are  paralyzed,  for  our  calcula- 
tions are  frequently  overthrown  by  the  other  influences  above  men- 
tioned. As,  however,  the  traction  of  the  non-paralyzed  group  of 
muscles  is  the  chief  factor  in  the  production  of  the  deformity,  we  are 
able  from  a  study  of  direction  of  this  deformity  to  arrive  at  some 
conclusion  concerning  the  seat  of  the  paralysis.  But  we  must  re- 
member that  nearly  every  individual  deformity  can  be  produced  not 
only  by  one  but  by  several  forms  of  paralytic  contracture,  and  we 
should  therefore  always  control  any  conclusions  based  upon  the  data 
famished  by  the  deformity  by  other  methods  of  examination,  especially 
by  an  electrical  examination.  Individually,  tlie  following  may  perhaps 
be  said  of  the  various  deformities.  Pes  equinus  may  te  occasioned  by 
simple  static  factors  if  all  the  muscles  by  which  the  foot  is  moved  are 
paralyzed;  in  this  case  the  deformity  is  usually  in  the  form  of  a  tali- 
pes equinovarus  and  cavus.     Much  more  fre<iuently  talipes  equinus 
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the  flexors  of  the 


becaadagi 


18  cauaed  by  a  partial  paral> 

tractured  in  conseqaenoe  of  paralysis  of  their  autagaQirtft.  A  lue 
form  of  inire  eqiiiniiH  reftulta  from  a  imralysia  of  all  the  elevttlor  HUM* 
vlen  of  the  fcx>t,  the  depressors  remaiDing  DomiaL  Modi  OKVe  fc»* 
quently  we  meet  even  in  this  case  with  eriainovanis,  rc^aUing  bom  m 
paralysis  of  all  the  muscles  wLieh  flex  the  foot  (the  tiUaltft  aaH- 
cus,  extensor  lon^^nH  ballicis^  and  extensor  ctmimuuis  lUgitenai). 
and  of  the  f>erouei,  which  extend  the  foot  and  force  it  ioto  m  aott- 
ditioD  of  valKiis;  then  the  musclea  of  the  calf  alone  rr^mntn  arilTi^, 
and  these  nr>t  only  deprenH  the  anterior  ixirtiou  of  tlie  tctoi  hoi 
also  produce  varus.  This  latter  conditioQ  may  be  atiU  furlber  itt* 
cr^jiae<l  if,  as  quite  frecpiontly  hap{)eus,  some  power  n^ioaiiiii  id  II10 
til>ialis  anticus  as  well  as  in  the  m ancles  of  the  ealf,  ami  ovly  Om  «• 
tensor  hallicis,  extensor  eommunis  di|ntonim.  and  paroim  ai^  pttfrn* 
lyzed.  Finally,  a  condition  of  e(|uiiiovaru8  may  pooaiblj  Ahtoramlt 
if  alt  the  rest  of  the  muscles  of  the  le^  are  })anilj2ed,  wbtle  llw  tibi- 
alis antieus  is  only  in  so  far  weakened  that  it  is  unable  to  uitiipiaiai 
the  weight  of  the  foot,  but  may  still  pull  it  over  into  a  v&ras  po»lii& 
The  very  rare  talipes  e(iuiniival^iH  nia\  most  readily  b©  fonnfid  wkMi 
all  the  muscles  which  move  the  foot»  excei>t  the  jieninei,  iu«  f»um* 
lyzed,  uT  if,  with  paralysis  of  the  flexors  of  the  foot,  the  pmtttMiaift 
weaker  than  the  true  calf  muscles.  ^1 

The  arching  of  the  foot  in  tali|>es  ecinjnus  is  profaabljr  alwi^jft  <>i^H 
static  nature.  ^^* 

Talipes  calcaneus  occurs  as  a  rule  in  paralysis  of  the  depiiWi 
of  the  anterior  i^iortiou  of  the  foot,  when  the  elevators  are  DomaL 
As  the  muscles  of  the  calf  are  usually  alone  pAralysowl  whilo  Hm 
peronei  are  normal  in  this  case,  tliese  muscles  convert  tire  talipaa  cal- 
caneus into  a  calcaneovalgus  and  increase  the  arching  of  the  foot  (pet 
calcaneovalgus  excavatus). 

The  very  rarely  encountered  pes  caleaneoTams  may  oocnr  if  thm 
tibialis  anticus  alone  remainR  intact  and  strong  enoagb  to  rmiae  t^ 
foot  and  to  bring  it  into  the  position  of  varus. 

Tali[>e8  valgus  may  be  produced  by  a  paralysis  of  the  Ubialia 
ticus  alone,  talipes  varus  by  a  paralysis  of  the  exteuaor 
digitonim  alone. 

In  the  kuc^,  K^nu  recurvatum  is  moet  fre<(uently  met  wilb ;  lis 
currence  is  to  be  ho|)ed  for  in  the  jiaralysis  of  all  the  maaelea 
the  knee-joint,  as  then  only  is  walking  possible.     It  wiD  of 
occur  more  readily,  though  this  is  very  rar©»  when  the  f|iuidrieepa 
mains  intact  and  the  flexors  of  the  knee  are  pandjaeed.     A&  actita 
flexion  of  the  knee  is  abo  very  rarely  met  with;  it  oocurs  wbeu  Uia 
extensor  muscles  alone  are  j^mralyzed. 
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In  the  hip  we  usually  meet  with  a  flail  joint.  However,  abduction, 
outward  rotation,  and  slight  flexion  of  the  thigh  may  be  present  if 
the  adductors  are  paralyzed  and  the  abductors  and  the  ileopsoas 
remain  intact;  and  on  the  other  hand  there  will  be  adduction  and 
also  flexion  if  the  adductors  and  the  ileopsoas  are  intact,  and  the 
abductors,  namely  the  glutei,  medius  and  minimus,  are  paralyzed. 
In  the  first  instance  a  luxatio  infrapubica  and  in  the  latter  a  luxatio 
iliaca  paralytica  may  eventually  appear. 

Marked  scoliosis  or  kyphoscoliosis  may  be  the  sequel  of  a  uni- 
lateral or  bilateral  paralysis  of  the  muscles  of  the  trunk.  Scoliosis 
may,  however,  also  follow  the  shortening  or  the  lengthening  of  one  of 
the  lower  limbs,  and  lordosis  a  permanent  flexion  at  the  hip-joint. 

A  paralytic  luxation  of  the  shoulder-joint  makes  its  appearance 
when  nearly  all  the  muscles  of  the  shoulder,  but  especially  the  del- 
toid, are  paralyzed. 

In  the  elbow-joint  we  do  not  meet  with  deformities,  as  passive  ex- 
tension and  flexion  of  the  joint  are  always  x)ossible  if  only  the  arm 
can  be  moved  at  the  shoulder.  In  the  hand,  flexion  of  the  fingers 
occurs  most  frequently  in  paralysis  of  the  extensor  muscles,  rarely 
extension  of  the  hand  and  of  the  fingers  in  paralysis  of  the  flexor 
muscles.  Deformities  which  are  difficult  of  reduction  do  not,  how- 
ever, occur  in  the  upper  extremities. 

The  final  stage  of  the  disease  consists  in  nearly  every  case  in  the 
development  of  permanent  contractures  and  deformities,  which  latter 
again  are  essentially  a  sequel  to  permanent  muscular  paralysis  and 
atrophy.  The  patient  is  by  this  time  to  a  greater  or  less  degree  a 
cripple,  but  was  formerly  thought  to  enjoy,  aside  from  this,  full  men- 
tal and  bodily  vigor.  We  are  aware  at  the  present  time,  however, 
that  this  is  not  so  in  all  cases.  Baymond  was  the  first  who  made  the 
observation  that,  following  a  spinal  paralysis  which  has  occurred  in 
childhood,  a  progressive  muscular  atrophy  may  occur  years  after- 
wards, and  many  other  observers,  the  first  of  whom  was  Seeligmiiller, 
have  confirmed  this.  One  of  us  (Bruns)  has  seen  two  cases  with  the 
residuum  of  an  infantile  spinal  paralysis  in  one  leg  and  a  beginning 
progressive  muscular  atrophy  of  the  small  muscles  of  the  hand.  In 
these  cases  the  distance  of  the  two  disease  foci  from  each  other  is 
especially  noteworthy.  They  remind  one  of  the  frequent  occurrence 
of  classical  epilepsy  at  the  age  of  puberty  following  an  acute  encepha- 
litis at  an  early  age,  and  also  of  cases  in  which  the  engrafting  of  a 
multiple  sclerosis  on  an  acute  disseminated  or  a  focal  myelitis  has 
taken  place.  According  to  Heine  a  recurrence  of  the  inflammation  in 
an  acute  form  is  possible.  This  will  be  again  referred  to  in  the  sec- 
tion on  Acute  Poliomyelitis  of  Adults. 
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It  may  be  well  to  review  briefly  what  we  have  said  concjermag 
course  of  the  disease.     This  coiiaiats  of  an  iuitial  stage  whose 
tion  is  from  a  few  hours  to  a  few  days,  a  i>eriad  of  the  ^Teftte«t 
most  exteusive  paralysis  whose  Juration  at  the  most  is  a  few  »< 
aud  then  convalescence  or  the  retrogression  of  the  panlf  sas  ^^    ^ 
may  continue  possibly  into  the  ninth  month;  at  tlieauieliiii 
tractures  and  deformities  make  their  appearance  in  the  ar«^ 
permanently  paralyzed  muscles,  and  these  may  of  course  contLauc  ^ 
progress  for  years. 

Death,  which  very  rarely  occurs,  may  be  caused  by  a  very  vub 
extension  of  the  inflammatory  process^  as  ix>st-mortem  cases  fieen 
teach,  or  by  cerebral  complications.     Our  own  opinion  as  regiidi 
possibility  of  i^erfect  recovery  has  been  stated  above.     The  role, 
all  events,  to  which  there  are  hardly  any  exeejttions,  is  a  partiil 
and  a  final  atrophic  paralysis  with  its  sequehe  in  one  or  more 
areas.     Exceedingly  rare,  comparatively,  is  the  lat«  grafting  of  a 
gressive  muscular  atrophy  on  an  infantile  spinal  paralysis  wliick 
run  its  course. 

It  is  hardly  necessary  at  this  day  to  say  that  in  scarcely  any 
disease  is  the  connection  between  the  anatomical  process  aod 
results  and  the  clinical  symptoms  so  clear  as  it  is  in 
spinal  paralysis.  We  know  that  this  disease  consists,  in  the 
in  a  destruction  of  one  or  more  portions  of  the  gray  matter  of  the 
terior  horns,  a  degeneration  which  must  lead  always,  and  nnder 
conditions,  to  a  flaccid  and  degenerative  atrophic  jmralysis  of  tie 
volved  muscle  areas.  We  know,  furthermore,  that  the  localizaticm 
thin  paralysis  corresponds  in  the  main  with  what  we  know  at  the 
present  time  of  the  localization  of  the  muscle  centres,  of  whofee^ 
treniitiea  and  of  individual  muscles,  in  the  anterior  horns  of  thedifftf- 
ent  se^nneuts  of  the  spinal  cord.  We,  finally,  know  that  cou&idenbli 
destruction  of  the  spinal  cord  is  not  capable  of  perfect  repair,  there- 
fore  perniauent  forms  of  paralysis  will  remain  behind  in  nearly  lE 
cases. 

It  is  not  necessary  that  there  should  be  any  change  in  the  §; 
toTnatolo^y  when  the  inflammatory  lesions  are  not  shari)ly 
tu  tlie  Hiit'erior  Imnis.     Even  an  extensive  particip*"*^ —  -*  ^- ' 
cu  111  111  us  need  ut>t  provoke  spastic  symptoms,  i 
paralyzed   muscles  are  atrophied   through 
horns.     Pain  seems  to  be  present  o* 
may  nnt  be  able  to  determii 
first,  but  Hlijj;lit  forms  ma3% 
distarbauce  of  tlie  functio 
nrPHeut  iu  the  betfitminy.      -        ^^^ 
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An  explanation  of  the  initial  convulsions  which  not  infrequently 
oocur  occasioned  the  older  authors  much  difficulty.  They  were  at- 
tributed to  the  result  of  the  fever,  or  to  reflex  influences  of  the  dis- 
eased spinal  cord  on  the  brain.  At  the  present  time  authors  are 
probably  unanimous  in  regarding  a  direct  participation  of  the  brain 
in  the  general  infection  as  a  probable  cause  of  the  convulsions  in 
these  cases.  It  is  precisely  the  frequent  occurrence  of  cerebral  symp- 
toms that  furnishes  a  basis  for  the  assumption  that  in  infantile  spinal 
paralysis  we  are  dealing  only  apparently  with  a  sharply  defined  dis- 
ease. It  seems  to  us  in  the  highest  degree  probable — and  we  are 
not  alone  in  this  view — that  we  are  dealing  with  one  and  the  same 
disease,  only  affecting  different  localities,  in  spinal  paralysis  and  in 
those  cases  of  cerebral  paralysis  which  Striimpell  has  designated 
XX>]iencephalitis  acuta  infantum.  As  a  rule,  the  disease  of  the  brain 
in  infantile  spinal  paralysis  can  be  only  slight  and  circumscribed,  as 
permanent  symptoms  do  not  frequently  remain  behind.  The  combi- 
nation of  a  cerebral  and  a  spinal  infantile  paralysis  is  a  classical 
rarity,  although  such  a  case  has  recently  been  described  by  Lamy. 
Bedlich  also  found  lesions  in  the  medulla  oblongata,  in  poliomyelitis 
acuta,  and  Medin  frequently  observed  cerebral  paralysis  as  well  as 
spinal  paralysis  in  children,  during  the  epidemic  which  he  described. 

DUONOSIS. 

The  symptomatology  of  infantile  spinal  paralysis  is  so  character- 
istic and  in  general  so  uniform  that  the  diagnosis  must  be  considered 
an  easy  one,  if  only  the  main  features  are  always  kept  in  view.  It 
seems  unnecessary  to  repeat  these  here.  It  is  of  course  impossible 
to  make  the  diagnosis  readily  in  the  febrile  or  nervous  (cerebral) 
stage,  but  it  may  be  made  with  some  assurance  after  the  secoud  or 
paralytic  stage  has  been  reached;  and  mistakes  are  hardly  possible 
by  the  end  of  the  second  week  when  the  paralysis  has  receded  from  a 
large  area  which  was  primarily  affected,  and  when  the  reaction  of 
degeneration  has  appeared  in  the  still  paralyzed  muscles.  Later  on 
the  atrophy  and  the  deformities  will  at  once  lead  us  to  a  proper  diag- 
nosis, and  this  will  be  confirmed  by  the  reaction  of  degeneration 
iT^hich  persists  for  a  long  time  in  the  paralyzed  muscles.  As  Erb 
remarks,  a  doubt  as  to  the  diagnosis  will  occur  chiefly  in  those  cases 
which  have  fully  run  tlieir  course,  when  there  is  no  longer  any  re- 
sponse to  electrical  stimulation  of  the  atrophied  muscles. 

In  the  differential  diagnosis  of  diseases  of  the  spinal  cord,  hsema- 
tomyelia  engages  our  attention  especially.  It  is  true  that  the  latter 
nearly  always  immediately  follows  an  injury ;  the  same  may,  however, 
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be  said  of  infantile  spitiHl  paralysis.  Hemorrhage  of  the  i 
affeciw  by  preference  the  gray  matter,  and  may  therefore 
l)erfe<5tly  simulate  an  infantile  spinal  paralysis  if  it  is  coafiiMd  to  lb 
auterior  horns;  but  as  it  usually  destroys  the  ]j06teriar  horai  akcv 
and  sometimes  even  these  alone*  we  neiirly  always  find  fiaarlwd  di»* 
f orbanees  of  sensibility.  More  frefjuently  the  symptoms  of  h— ifv 
myelia  resemble  those  of  syringomyelia. 

Inlautile  spinal  paralysis  is,  as  we  have  seen,  a  myelitis  of  tho 
gray  matter  of  the  anterior  horns,  but  it  does  not  sharply  coufine  itmM 
by  any  meaus  to  this  area.  As  already  meutionetl,  we  find  in  it  sU 
degrees  of  ext^nsiuo,  even  a  marked  transverse  myelitis,  for  exAiBiilii, 
a  disseminated  myelitis  or  a  t3entral  diffuse  myelitis.  Il  is  tkersfoi^ 
ptmsilile  to  l>e  in  doubt  (xx^asioually  whether  to  designste  Hmctmmm 
niyelitis  or  as  poliomyelitis.  If,  however,  we  resenrs  tbs  oami  UKfth 
litis  for  the  transverse  forms,  the  distinction  will  not  be  diAcolt; 
myelitis  will  then  be  distinguished  by  disturbance  of  Hm  moss  of 
feeling,  disturliances  of  the  function  of  the  bladder,  decufattns,  oss- 
ally  also  by  silastic  symptoms  and  iuereaseil  reflexes.  Myelitis  noti^ 
over  occurs  very  rarely  in  earlj  infancy. 

In  caries  of  the  spine  and  in  tumors  of  tlje  latter  and  of  lbs  i 
ninge8  of  the  s[>iual  cord,  paralysis  may  sometimes  occmr 
In  this  ease,  Imwever,  the  iiicture  preiseuteil  will  lie  that  of 
verse  lesion,  and  Ufit  of  an  atrophic  paralysis  of  indi^idoal  limhi  or 
parts  of  limljs.  In  all  these  cases  there  will  also  usually  bsvstfdslBd 
violent  paiu  for  a  long  time,  and  in  disease  of  the  spine  fm|Mflt|y 
also  deformities  of  the  latter. 

Progressive  muscular  atrc»phy,  which  may  also  oocur  in  clii)dreai« 
generally  in  a  familial  form,  and  progressive  masetUar  djstiofihj 
need  only  Ije  mentioned  to  [)oint  out  their  distingQishiog  iihars<iinr 
istics;  both  diseases  are  slow  in  their  beginning  and  ai%  pco- 
gresstve. 

Infantile  cereliral  {paralysis  was  formerly  often  mifftnlfffli  ftir  IIm 
spinal  form,  but  at  the  present  time  this  is  hardly  possible.  TIm 
former  occui's  most  frequently  in  a  hemiplegic  form,  in  wUcb  lbs 
face  is  nwirly  always  imi»licated.  Marked  atrophy  of  the  mnsdc 
aljsent,  although  occasionally  the  only  symptom  remaining  of 
mer  cerebral  disease  in  childliocxl  may  be  an  im|>*  rfiM  t 
of  the  muscles  and  bones;  the  reaction  of  d*'(4i  iit-ciUno  is  abnoL 
The  paralysis  is  of  a  spastic  nature,  the  reflexes  are  incroased,  bm^ 
quently  to  the  point  of  clonus;  often  involuntary  musinilmr  BiOvaBMflli 
are  present,  esi>ecially  athetosis,  hemitremor,  or  hemicbotBa;  tba  in- 
tellect may  be  impaired.  Not  only  are  convnlsions  finsaent  in  tbs 
initial  stage,  but  very  ofttsn  total  or  partial  e|iile|isy  is  developed  i 
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on.    Of  possible  contractures,  we  meet  with  only  the  cerebral  contrac- 
tures of  the  hand  and  the  fingers,  and  talipes  eqninus. 

The  cerebral  diplegias  might  much  more  easily  be  confounded  at 
the  first  glance  with  infantile  spinal  paralysis  than  the  hemiplegias. 
The  differences,  however,  in  the  nature  of  the  paralysis  and  in  the ' 
electrical  conditions  as  compared  with  poliomyelitis  anterior  hold 
l^ood  here  as  well  as  in  the  hemiplegias.  The  spasmodic  movements 
in  these  cases  are  especially  frequent  and  marked,  and  the  intelligence 
is  nearly  always  affected.  To  this  class  belongs  also  what  was  for- 
merly called  spastic  spinal  paraplegia  of  childhood,  and  which  is  un- 
doubtedly dependent  in  most  cases  uj)on  some  disease  of  the  brain. 
It  stands  to  reason  that  the  diagnosis  may  become  very  difficult  when 
a  cerebral  and  a  sx)inal  paralysis  are  combined,  but  a  careful  exami- 
nation should  clear  up  the  diagnosis. 

Multiple  neuritis  in  its  beginning  may  easily  be  mistaken  for 
poliomyelitis.  But  its  course  is  different,  its  development  is  nearly 
always  slow,  with  exacerbations  and  remissions,  occasionally  with 
true  relapses.  Convalescence  is  more  uniform ;  all  the  muscles  regain 
their  functions  slowly,  but  not  all  of  them  of  course  within  exactly  the 
same  period  nor  in  the  same  manner  as  in  poliomyelitis,  in  which  a 
large  part  of  the  muscular  apparatus  recovers  during  the  first  few 
weeks,  the  remainder,  however,  remaining  paralyzed  for  a  long  time. 
Finally,  a  perfect  cure  nearly  always  obtains  in  neuritis,  but  scarcely 
ever  in  poliomyelitis.  In  neuritis  violent  pain  also  is  nearly  always 
present,  and  frequently  the  muscles  and  nerves  are  painful  on  pres- 
sure. As  a  rule,  we  do  not  find  as  tyj^ical  a  reaction  of  degeneration 
in  neuritis  as  in  poliomyelitis.  The  localization  of  the  paralysis  is 
not  essentially  different. 

The  typical  form  of  obstetrical  paralysis  is  that  of  Erb's  plexus 
IMuresis,  namely,  paralysis  and  atrophy  of  the  deltoid,  infrasx)iuatus, 
biceps,  brachialis  anticus,  and  supinator  longus;  it  very  rarely  in- 
volves also  the  lower  portion  of  the  brachial  plexus,  or  the  latter  only. 
This  same  grouping  of  the  paralysis  may  also  be  found  in  infantile 
spinal  x)aralysis.  In  this  case  the  previous  history  is  essential  to  the 
diagnosis.  In  affections  of  the  lower  portion  of  the  brachial  plexus 
an  involvement  of  the  sympathetic  nerve— contraction  of  the  pupil 
and  narrowing  of  the  fissure  of  the  lids  of  the  same  side — would  at 
once  decide  in  favor  of  an  obstetrical  paralysis.  Poliomyelitis  is 
fnrtiiermore  rare  in  the  new-bom. 

The  neural  progressive  muscular  atrophy  of  Hoffmann  may  occa- 
sion paralysis,  atrophy,  and  deformities  of  the  lower  limbs,  but  this 
is  also  a  progressive  affection,  and  involves  sensation.  It  is  besides 
of  a  familial  nature. 
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Hy8t€>ria  may  at  first  sight  present  symptoms  resemUin^l 

iQfa,ntile  paralysis.     Contractures  of  long  duration  of  the  aiiUs,! 
iog  eciuinns  or  calcaneus  positions  of  the  foot,  are  particularly 
to  occur.    Along  with  this  the  muscles  of  the  leg  may  also  bei 
atrophied.     Ati  electrical  examination  is  usually  sufficieni  lo! 
purpose  of  diagnosis,  but  this  must  sometimes  be  miide  uiidail 
amesthetic,  owing  to  the  great  teusionof  hysterical  mnscuUi^ 
ture;  in  most  cases  abo  the  effect  of  the  auiesthetic  will  he  toi 
the  contraction,  thus  demonstrating  that  the  deformity  isnoiil 
one.     At  the  same  time  there  may  be  present  in  hystedodi 
tures  of  long  duration  an  actual  Hhorteniog  of  the  teodotM  sod 
ments  and  tinally  changes  within  the  joints. 

The  so-called  sypliilitic  pseudoiiaralysis  of  the  new-boruol 
rot,  which  consists  in  an  inability  to  flex  the  arm  at  the  ahooldet,  i 
account  of  paia  caused  by  the  syphilitic  disease  of  the  diapbysMi 
epiphyses  of  the  arm,  may  be  mistaken  for  infantile  iiaralysia,  boll 
is  more  likely  to  be  confounded  with  obstetrical  paralysis.    Aii< 
trical  examination  is  not  alw^ays  decisive  in  these  cages,  m 
through  Westphal  that  phenomena  reminding  one  of  the  readkK 
degeneration  may  occur  in  perfectly  healthy  new-bom  children, 
rule  rapid  recovery  results  in  these  cases  on  the  exhibition  of 
or  iodide  of  pot^i^sium. 

In  Barlow's  dise-ase — ^infantile  scorbutus— we  often  meet 
pseudopandysis,  especially  of  the  lower  extremities,  Tbe^aic^l 
those  of  Parrot*s  disease,  occasioned  by  the  pain  produced  in 
movement,  as  infantile  scorbutus  has  a  pretlilectioo  for  the  epii 
and  joints,  and  leads  sometimes  to  separation  of  the  epiphysis, 
eontlition  of  the  gnniB,  the  profound  anaemia  of  the  child,  the 
ued  fever,  and  the  disturbances  of  digestion  are  characteristic  8j 
toms  of  this  disease.  One  of  the  writers  met  with  extensive  ol 
hystericid  aniesthesia  a  short  time  ago,  in  a  case  of  infantile 
wliicli  had  led  to  the  diagnosis  of  a  myelitis.  As  Barlow's 
is  usually  met  with  in  older  children,  the  electrical  examiiuitioii ^ 
dt^tnde  the  issue  here. 

Hip  disease,  congenital  dislocation  of  the  hip,  or  severe 
wtmld  l)e  li.iljle  to  be  mistaken  for  iufantile  spinal  paralysis  onjtn 
vpry  saperfieial  observatitju.     Congenital  clubfofii    is    nerhaim 
snuicHnies  to  a  fecial  fioliomyelitis ;    it  may  C€ 
r(-f'-rr<Ml  to  dc\"clopmentnl  defect,  namelv 
pauitnl  l)y  spina  bifida. 

T]je  diagnosis  sit* mid  not" 
of  tlie  infantile  spinal  i)aral\ 
possil)]e  to  fiiid  out  which  of 
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the  greatest  imx)ortance  in  prognosis  as  well  as  in  treatment.  Oener- 
ally  this  examination  will  first  be  made  some  time  after  the  paralysis 
has  occurred,  and  when  the  latter  has  already  narrowed  itself  down 
in  some  measure  to  the  areas  in  which  permanent  changes  will  be 
left  The  demonstration  of  this  paralysis,  as  in  the  adult  who  can 
be  ordered  to  execute  certain  movements,  is  of  course  not  often  possi- 
ble in  children,  but  we  may  avail  ourselves  of  the  fact  that  when  the 
extremity  is  immobilized  but  the  joint  to  be  examined  remains  free, 
and  irritation  is  induced,  say  by  pricking  the  limb  with  a  needle,  the 
limb  will  then  usually,  in  the  endeavor  to  escape  the  irritation,  carry 
out  all  movements  which  it  is  possible  for  it  to  make;  the  seat  and 
extent  of  the  paralysis  may  then  be  determined  from  these  defective 
movements.  The  most  certain  method,  however,  is  the  electrical  ex- 
amination; we  may  thus,  after  the  lapse  of  a  few  weeks,  determine, 
even  in  muscles  which  are  still  paralyzed,  whether  functional  ac- 
tivity will  return  or  not.  This  point  has  already  been  dwelt  upon 
at  some  length  above.  Muscles  showing  the  reaction  of  degeneration 
remain  permanently  paralyzed,  those  showing  a  weakened  reaction 
will  again  recover.  An  accurate  electrical  examination,  however,  in 
these  crying  and  actively  resisting  children  who  keep  their  normal 
muscles  in  continual  motion  is  by  no  means  easy  of  execution ;  the 
small  size  of  these  little  patients  and  the  large  amount  of  subcutaneous 
adix)oee  tissue  also  render  the  examination  a  difficult  one,  and  not  in- 
jErequently  ignorant  parents  themselves  put  an  end  to  what  they  re- 
gard as  the  excessive  zeal  of  the  physician.  In  the  foot  especially 
the  conditions  are  frequently  so  complicated  that  a  satisfactory  con- 
clusion may  not  be  reached  even  when  repeated  examinations  have 
been  made  with  the  patient  in  perfect  repose,  but  only  an  aj)proxi- 
mate  conception  of  the  extent  of  the  muscular  paralysis  is  obtained. 
Practically,  however,  this  will  generally  prove  satisfactory.-  We  have 
already  considered  in  what  manner  the  atrophies  and  deformities 
may  present  a  clew  to  the  seat  of  the  paralysis,  and  in  how  far  they 
may  be  made  use  of  for  this  purpose. 

Prognosis. 

In  respect  to  the  prognosis  of  infantile  spinal  paralysis  the  fol> 
lowing  two  i)ro positions  may  be  stated :  (1)  The  i)rognosis  as  regards 
life  is  very  favorable ;  (2)  the  prognosis  as  regards  perfect  recovery 
is  very  unfavorable. 

Of  the  first  it  may  be  said  that  death  as  a  result  of  infantile  spinal 
Iiaralysis  is  of  rare  occurrence.  It  may  be,  however,  that  it  happens 
more  frequently  than  we  have  imagined  uj)  to  the  present  time,  for  it 
Vol.  XL -46 
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is  impossible  for  ns  to  know  whether  some  fatal  cases  of  coDTulsio 
may  not  be  due  to  a  poliomyelitis  acuta.     This  le^kls  us  at  the 
time  to  the  remark  that  probably  in  most  cases  of  a  lethal  outi 
grave  cerebral  complications  are  preseut.     It  may  be  poeeible  i 
course  that  a  widely  diffused  poliomyelitis  may  of  itself  cause  i 
when  it  attacks  for  example  the  phreuic  nerve.     After  the  initial  i 
is  passed,  we  need  not,  generally  speaking,  fear  a  lethal  outcome. 

As  to  the  second  proposition,  the  termination  in  a  perfect  ami 
so  very  rare  that  it  may  practically  be  left  out  of  cousideratioiL 
lierraanent  paralysis  is  nearly  always  sure  to  remain  in  one  i 
more  extremities.  We  are  very  soon  able  t*^  convince  oureelw 
by  the  electrical  examination,  whether  one  or  more  of  these  fiandr 
foci  will  remain  permanently  and  what  their  hx*ation  will  be. 
prognosis  will  then  of  course  depend  on  the  numl>er  and  extent  of  t 
lesions,  and  also  on  their  seat,  in  so  far  as  the  prognosis  is,  as  a  ] 
more  unfavorable  in  paralysis  of  an  arm  than  in  that  of  a  leg,  or€ 
one  of  its  parts.  We  must  of  coui"se  also  take  into  consideration  1 
the  conditions  of  the  individual  segments  of  the  limb,  as  welli 
fact  whether  a  total  or  only  a  pai'tial  paralysis  of  a  joint  is  pr 
For  on  this,  above  all,  will  depend  the  occurrence  and  the  kind  c 
deformity,  whtwe  prognostic  importance  m  naturally  very 
Over  against  these  unfavorable  prognostic  conditions,  we  may 
especial  attention  to  the  fact  that  we  are  able  in  nearly  all  casei  < 
extensive  paralynis  to  foretell  marked  improvement,  and  with 
tainty  if  the  electrical  examination  has  previously  given  resalta  i 
proguoHtic  vahie.  Poliomyelitis  does  not  seem  in  most  c^ses  to< 
any  influence  on  the  general  health  and  on  the  later  life  of  the  ] 
The  occurrence  in  later  years,  however,  of  progressive  spinal : 
lar  atrophy,  which  has  l>een  not  so  infrequently  observed,  shodil 
induce  us  to  be  somewhat  guarded  in  our  prognosis. 

Treatment. 


The  treatment  of  infantile  spinal  paralysis  must  of  neoeasitrhe 
divided  into  that  of  the  initial  stage,  the  paralytic  stage,  and  tl» 
serpielae,  and  of  course  varies  in  each  of  these  stages.  In  the  i 
stftge  it  is  limited  to  the  treatment  of  the  defor 
surgical  rather  than  medical. 

In  the  initial  stage,  the  treatment  is  usually  cc 
cation  of  the  general  ijrinci files  which  guide  us  i 
all  fel)rile  affectionn.     Rest  in  bed  is  of  course 
non-irritating,  light  diet— the  bowels  being 
More  cannot  be  done,  if  only  for  the  rei 
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this  stage  to  make  a  positive  diagnosis,  apart  also  from  the  fact  that 
the  physician  is  generally  not  called  at  this  time.  The  probable 
presence  of  convulsions  even  cannot  furnish  ground  for  positive  treat- 
ment. Should  stupor  appear,  cold  affusions  may  be  applied  while 
the  child  is  in  the  warm  bath.  If  there  is  difficult  dentition  at  the 
time,  the  gum  may  be  lanced.  Even  when  paralysis  is  plainly  pres- 
ent, and  a  correct  diagnosis  is  thus  rendered  probable,  we  would 
advise  against  all  active  treatment,  and  that  the  child  be  disturbed 
as  little  as  possible.  All  movement  is  to  be  avoided,  also  as  far  as 
possible  loud  crying,  coughing,  etc.,  should  be  restrained.  In  par- 
ticular must  we  caution  against  the  abstraction  of  blood  by  leeches 
or  wet-cupping,  or  against  a  too  energetic  so-called  derivation  to  the 
intestine  or  the  skin.  The  favorable  influence  of  these  measures  is 
very  (problematical,  and  that  most  of  them  act  in  a  debilitating  man- 
ner is  certain.  Tlie  diaphoretic  treatment  by  wet  packs,  strongly 
recommended  by  Oppenheim,  is  unquestionably  harmless,  and  may 
perhaps  be  of  some  benefit. 

The  electrical  treatment  of  infantile  spiual  paralysis  until  re- 
cently enjoyed  great  repute,  and  even  a  directly  curative  influence 
was  attributed  to  it.  At  the  present  time  we  know  that  this  is  im- 
possible, for  whatever  nerve  tissue  has  actually  been  destroyed  by 
the  anatomical  process  cannot  be  cured  by  the  cerebral  or  peripheral 
application  of  electricity.  The  so-called  central  galvanization  of  the 
spinal  cord,  which  was  in  former  times  recommended  by  most  au- 
thors, is  probably  useless.  As  regards  the  peripheral  application  of 
electricity  we  may  proceed  as  follows :  In  the  first  place  it  should  not 
be  applied  too  early,  not  until  the  greater  part  of  the  primary  paraly- 
sis has  receded,  and  not  until  it  has  been  positively  determined  by  an 
electrical  examination  which  of  the  paralyzed  muscles  will  recover 
their  function  and  which  will  remain  permanently  paralyzed.  The 
electrical  treatment  is  then  to  be  confined  as  far  as  possible  to  the 
former,  for  treatment  of  the  muscles  which  show  the  reaction  of  de- 
generation is  unnecessary,  and  perhaps  even  injurious.  As  the  mus- 
cles, which  will  recover  their  function  later,  show  only  a  quanti- 
tative lessening  of  their  irritability,  and  are  responsive  to  both  the 
faradic  and  the  galvanic  current,  it  is  really  only  a  matter  of  personal 
preference  which  form  of  electricity  we  employ.  Perhaps  it  may  be 
even  more  correct,  in  opposition  to  the  view  formerly  enteiiained,  to 
choose  the  interrupted  current,  because  this  does  not  affect  muscles 
showing  the  degeneration  reaction.  It  is  sufficient  to  employ  fara- 
dization every  second  day.  This  treatment  can  at  all  events  do  no 
harm,  and  the  possibility  of  a  favorable  influence  on  the  nutrition  of 
the  muscles  cannot  be  denied. 
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Massaf^e  may  ako  be  employed  in  place  of  electridtT,  or  it  i 
be  practised  alternately  with  it.     In  the  beginning  only  light  i 
ulationa  should  be  employed,  bot  later  kneading  of  the  mosdet  i 
be  resorted  to.     Actual  gymnastic  exercises  and  Swedish  more 
can  be  carried  out  only  with  older  children. 

Besides  these  methods,  general  tonic  treatment  may  also  be  1 
into  consideration.  This  includes  an  outdoor  life,  nonnshing  food, 
baths,  mud  baths,  mineral  baths  in  indiflferent  or  chloride  of  sodium 
waters,  and  other  hydrotherapeutic  methods.  Baths  and  water  cam 
should,  however,  not  be  employed  too  early.  Cod-liver  oil  is  dbolo 
be  highly  recommended  under  certain  conditions. 

It  is  also  of  the  greatest  importance  to  eouuteract  from  the  foj 
beginning  the  occurrence  of  contractures  and  deformitiefi.  We  are 
convinced  from  personal  experience  in  isolated  but  nnfortiuiatelj 
very  few  cases,  that  a  great  number  of  contractures  and  deformit«i 
can  he  avoided  by  the  use  of  very  simple  methods  durijig  the  perifJ 
of  convalescence,  which  after  they  have  once  been  eatabUshed  cas 
either  not  be  corrected  at  aU  or  only  by  surgical  measures.  An  im- 
j)uriant  measure,  and  in  this  we  agree  with  Oppenheim  as  agiittt 
SeeligmiUler,  is  to  allow  the  children  to  lie  abed  as  long  as  mftybt 
possible.  Especially  may  a  weak  back  and  tlie  deformities  of  die 
spine  be  totally  avoided  in  this  manner.  The  deformities  of  the  lawwr 
extremities,  paiiieularly  of  the  foot,  are,  as  we  have  seen*  undoabt&il^ 
due  in  part  to  early  attempts  at  walking,  which  lead  to  a  faulty  joii- 
tion  of  the  leg.  Rest  in  bed  alone  is,  however,  not  sufficie&t,  bat 
along  with  it  various,  but  generally  quite  simple,  methods  are  tn&tx^ 
sary  for  the  prevention  of  crippling* 

Let  us  consider  the  foot  for  the  present.  Here  our  measures  mwt 
be  aj>plied  to  secure  as  far  as  possible  the  maintenance  of  the  fooiifl 
a  poHition  at  a  right  angle  to  the  leg.  Should  a  flail  joint  be  prmiit 
from  paralysis  of  all  the  muscles  of  the  foot  we  must  prevent  the 
pressure  of  the  bed-clothing  from  forcing  the  foot  into  the  positiafi 
of  equiuus  by  protectiug  the  limb  with  a  wire  cage.  The  sinking  cf 
the  foot  into  the  position  of  equinovarus  by  its  own  weight  may  in 
this  case  be  avoided  by  keeping  the  foot  at  a  right  angle  to  the  l«g 
by  means  of  a  strip  of  adhesive  plaster.  If  only  a  few  of  the  mnidei 
which  are  coucerned  in  flexion  gmd  extension  of  the  ;  ^  *  *  *  *  — 
paral^'zed,  so  that  the  active  contractui-e  of  the  non-par 
is  the  main  cause  of  the  existing  deformities,  these  r 
suflScieut,  and  the  foot  must  be  i)ut  up  in  a  side  spl 
splint,  or  a  gutta-ppreha  splint  which  is  directly  mo 
and  only  removed  when  the  child  is  to  be  bathi 
treated,  or  is  to  receive  massage.  ; 
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The  contTactures  of  the  hip- joint  (we  now  speak  of  flexion  and  al> 

.iietion)  are  be^it  avoided  by  extension  with  weights.     So  also  the 

very  rare  cases  of  contracture  of  the  flexors  of  the  knee-joint.     In  ex- 

lensive  paralysis  of  these  joints,  deformities  will  not  occur  when  the 

recumbent  position  m  maintained. 

Contractures  of  the  flexors  and  extensors  of  the  hand  are  also  ol> 
liated  by  means  of  suitable  splinta*  These  need  not  be  worn  con- 
tiuuDusly,  however,  as  the  contractures  are  not  usually  of  high  de- 
gree. The  paralytic  subluxations  of  the  arm  may  also  be  prevented 
by  the  application  of  a  suitable  suspension  apparatxis.  It  stands  to 
reason  that  the  manipulation  of  the  joints  by  electricity,  gymnas- 
tics, and  massage  also  acts  in  a  n[ianner  antagonistic  to  the  eontrac- 
tiires.  After  the  patient  is  able  to  walk,  the  protective  splints  for 
the  avoidance  of  deformities  must,  of  course,  be  made  stronger — 
slanting  soles,  for  the  avoidance  of  the  varus  or  valgus  deformities, 
and  firm  shoe  splints,  perhaps  with  a  contrivance  to  raise  or  lower  the 
toes.  It  is  particularly  important  to  prevent  in  time  the  appearance 
of  a  scoliosis,  which  is  apt  to  occur  through  the  shortening  of  a  leg, 
by  using  a  thick  sole  on  the  shoe  of  tliat  foot. 

We  must  confess  to  our  sorrow  that  a  knowledge  of  the  impor- 
tanc-e,  ©fl'ectivenesB,  and  easy  execution  of  the  prophylactic  treatment 
of  the  deformities  and  contractures  of  infantile  Bi)inal  paral^  sis  exists 
almtDst  as  little  among  physicians  as  among  tlie  laity,  l^nually  we  are 
called  on  for  treatment  only  in  a  late  stage  of  convalescence  when  well- 
marked  contractures  already  exist,  or  even  later,  and  the8e  cases  are 
often  seen  by  the  orthopedic  surgeon  in  a  fearfully  neglected  condi- 
tion. In  this  stage  no  benefit  can  be  hoped  for  from  either  electrical 
or  medicinal  treatment,  and  the  case  is  one  tor  the  orthoi*edic  sur- 
geon, since  the  treatment  of  the  sequelre  of  infantile  spinal  paralysis 
is  a  purely  surgical  one* 

We  cannot  enter  here  into  the  details  of  orthopedic  treatment,  and 
will  dwell  only  on  a  few  general  points  and  for  the  rest  refer  to  tlie 
text*books  on  orthopedic  surgery,  Oiihopf^dic  measures  may  l>e 
divided  into  the  use  of  mechanical  appliances,  such  as  bandages, 
elastic  traction  apparatus,  and  firm  supiiortiug  splints,  and  tru*^ 
surgic^  operations,  either  minor  operations  which  will  finally  make 
~  issible  the  use  of  apparatus,  or  major  operations  which  will  make 
ft  B  us©  of  mechanical  appliances  altogether  unnecessary.  As  a  gen- 
^^^d  rule,  we  endeavor  nowadays  to  make  tim  ai)paratus  as  siniiile 
^^Hpossible,  or  else,  especially  in  those  cases  in  which  a  perfect  result 
^^Hy  not  be  attained,  to  resort,  at  once  to  operative  measures.  If  no  per- 
^^Knent  deformities  have  appeai'ed,  all  tlione  forms  of  apparatus 
K  tii'st  be  employed  which  have  been  recommended  above  for  the 


710 


BRUNS   AND  WINBSCHEID— DISEASES  OF  THE   SPINAL  OORD. 


[prophylaxis  of  deformities,  at  the  time  when  the  patieut  again 
to  use  his  legs;  namely,  firm  splint  shoes  with  perh a jjs  elastic  i 
in  the  desired  direction  applied  to  the  point  of  the  foot,  slanting  i 
high  cork  soles  for  the  feet,  firm  retention  splints  for  the  knee,! 
prevent  especially  too  great  a  genu  reenn-atum ;  supporting  appt^" 
ratiis  for  the  hip-joint,  and  similar  supports  for  the  upper  extremitife. 
Most  frequently,  however,  such  a  simple  correction  of  the  bxi\x 
position  is  not  possible,  on  account  of  the  shortening  of  the  noi- 
paralyzed  continuously  contracted  muscles  and  their  tendons,  eep 
cially  the  muscles  attached  to  the  tendo  Achillis.     Surgical  me 
either  so-called  redreme^neni  ford  or  else  a  division  of   the 
Aehillis,  must  precede  the  correction  of  the  deformity  in  such  i 
After  this  has  been  accom|>lished,  the  foot  is  put  up  in  a  pIaatef-4 
Paris  dressing   for  some  time,   the  deformity'  being  at  first 
corrected.     Later  a  suitable  retention  splint  is  applied  and 
motious  are  made  regularly. 

The  division  of  the  flexor  tendons  at  the  knee-joint  will  prob 
rarely  be  necessary-  It  would  be  well  to  apply  extension  by  wei| 
and  to  follow  it  up  later  with  the  use  of  a  splint. 

Old  contractures  at  the  hip-jnint,  especially   if  they  are 
panied  by  a  paralytic  hixation  of  the  head  of  the  femur»  cau  prob 
be  rectified  !is  a  rule  only  after  a  di\^sion  of  the  oon-paralyzed  i 
ei>ntriu*tiired  miiHcles-      In  this    manner  alone  a  repositi«>n  of 
luxated  head  of  the  femur  can  generally  be  accomplished. 
wrmkl  be  best  followed  by  extension  with  weights* 

lu  very  severe  eases  of  clubfoot  tenotomy  alone  is  iusTi 
aud  recourse  must  be  had  to  resection  of  the  bones  of  the  foot 

Good  results  have  in  late  years  l)een  obtained  in  infantile  spbal 
paralysis  by  a  new  surgical  procedure,  tvhich  has  been  named  aiihio- 
desis  by  its  author,  Albert.     This  measure  is  to  be  especiafly  coB"_ 
sidered  in  the  worat  forms  of  infantile  spinal  paralysis,  in  which  ( 
flail  joint  lias  resulted  from  a  paral\  sis  of  neiirly  all  the  muscles  < 
the  joint*     It  consists^  briefly,  in  producing  an  artificial  ankylosis t 
the  joint  involved.     It  is  esfiecially  applicable  in  a  loose  ankle-jo 
caused  by  a  jyaralysiB  of  all  the  mixscles,  also  in  non-rigid  i>es 
ueus  and  in  a  loose  knee-joiut.     By  this  oi>eration  on  the  inp-f 
we  may  fre^|uently  again  obtain  a  useful  limb,  when 
psoas  muscle  is  still  active,  and  thereby  avoid  the  exj 
needing  constant  repair.     We  should  avoid  arthrodesis 
only  for  the  reason  that  sitting  is  nearly  always  made 
sible  by  it,  but  it  is  sometimes  necessary  in  paralytic 
the  arm  arthrodesis  will  probably  not  be  of  much  use 
merely  subhixation;  on  the  other  hand^  it  may,  under 
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3,  be  very  iiBeful  forimmobilizing  the  completely  relaxed  elbow- 
oint  in  a  retitaiigiilar  position. 

We  need  only  meDtioo  the  so-called  tendon  transplantation.     This 

insists  in  suturing  the  central  end  of  the  tendon  of  a  non-paralyzed 

nuscle  of  little  importance  to  the  peripheral  end  of  the  tendon  of  a 

lyzed  muscle  whose  function  is  imijortaut,  and  in  this  manner,  so 

speak,  the  function  of  one  is  transmitted  to  the  other.     This  oi>er- 

ion  has  been  pei'formed  a  number  of  times  recently  ;  the  central  end 

the  non-paral\  zed   extensor   hallicis,   for  example,   having  been 

lotnred  to  the  peripheral  end  of  the  paralyzed  extensor  comnjiiniB 

iigitorum  |>edis  or  tibialis  anticUB;  or  in  talijies  calcaneus  due  to 

Uysis  of  the  gastrocnemius  the  inner  portion  of  the  tendons  ot  the 

exor  longns  digitorum  and  peroueua  has  been  joined  to  the  tendo 

Lchillis.     Whether  this  method,  which  is  ingenious,  will  be  useful, 

a«  only  can  show;  it  is,  at  any  rate,  applicable  only  to  a  limited 

iber  of  cases.     To  obtain  the  best  results,  it  would  probably  be 

iry  to  resort  to  this  method  as  early  aa  possible. 


PoliomyelitiB  Antarior  Acuta  Adultorum. 

Synonym,^ Acute  atrophic  sjnnal  paralysis  (Westphal). 

History, 

M,  Meyer  seems  to  have  been  the  first  to  have  published  a  detailed 

[clinical  description  of  acute  atrophic  spinal  paralysis  of  the  adult. 

Dnchenne,  of  Boidogne,  eleven  years  later,  described  the  same  affoe- 

ftiou,  and  was  the  first  to  call  especial  attention  to  the  p+*rfe<^t  analog}' 

jof  mfantile  spinal  jiaralysis  with  that  of  the  adult  form.     This  view 

I  waB  then  concurred  in  by  a  number  of  other  observers.     AUliough  the 

Lquestion  Wiia  originally  one  of  clinical  observation  only,  Ciondiault 

bin  1873,  and  F>  Schultze  in  1878,  demonstrated  that  the  anatomi- 

leal   changes  were   the  same  as   in    infantile   spinal   paralysis,   and 

that  we  had   to  deal  with  an  acute  myelitis  confined  chiefly  to  the 

gray  matter  of  the  anterior  horns.     This  established  fact  could  not 

denied,  even  when  it  was  discovered  later  that  a  great  nundier  of 

which  had  previously  been  classed  with  atrophic  spinal  pandy- 

*  I  were  without  doubt  cases  of  tnie  |ieripheral  neuritis,  which  latter 

ease  may  present  symirtoms  very   similar  to  those  of  atro[)hic 

jinal  paralysis.     We  must  admit,  however,  that  there  exists  in  the 

lult  a  disease  which  is  wholly  analogous  to  infantile  spinal  paraly- 

s.     This  poliomyelitis  adultoruni  is,  liowever,  in  itself,  and  esi>e- 

tally  in  comparison  with  infantile  sjunal  paralysis,  a  very  rare  dis- 

oase*     By  re^aaon  of  the  close  relation  of  poliomyelitis  adultonim 
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with  iufantile  ^pioal  paralysis,  it  is  needless  to  give  a  detaUfidi 
scription  of  this  disease  in  all  its  parts.     It  will  therefore  sofll 
present  a  general  review,  dwelling  moetly  on  those  few  pointaini 
the  two  diseases  differ  from  each  other. 


Pathological  Akatomt, 

As  previously  stated,  Gombault  and  F.   Schultze  demo 
that  we  have  to  deal  in  poliomyelitis  aeiita  adultorum  as  well  i 
infantile  spinal  paralysis  with  an  acute  myelitis  of  the  giay  i 
of  the  anterior  horns.     Later  observations,   which  have  been  I 
have  eoDfirmed  this.     The  inflammatory  process  of  the  spinal  < 
is  not,  however,  confined  to  the  anterior  horus  in  the  paraljfik  ( 
adults,  any  more  than  it  is  in  that  of  children,  and  though  «e  i 
not   yet  in   possassion   of  facts  w^hich   positively  demonstiate  I 
point,  still  it  may  be  said  with  certainty  tliat  the  iDflammatarr  ] 
ess  in  acute  poliomj'elitis  of  adidts  is  confined  luaiiily  to  tlMl 
supplied  by  the  central  artery. 

Histological  differences  in  these  two  forms  of  poliomyehtiddoi 
exist,     Ou  the  other  hand,  it  would  appear  that  the  disease  is  i 
more  inteuse  in  the  adult,  in  so  far  as  in  the  adult  a  greater 
of  definitive  lesions  may  remain  in  both  the  cervical  and  thai 
eiilargements,  while  in  children  frequently  only  one  or  two  ( 
foci  will  remain. 

Etiology, 

It  may  also  be  stated  as  a  fact  that  we  have  to  deal  with  uil 
tioim  tliaease  in  acute  spinal  paralysis  of  adults  as  well  as  is  \ 
children.     This  fact  is  even  more  marked  here  than  in  the  ch 
disease,  for  while  lu  the  latter  the  affection  possesses  as  a  genenli 
the  characteristics  of  a  disease,  more  especially  of  an  infectioo  i 
g€7tc)is,  and  its  occurrence  as  a  complication  or  sequel  of  i 
nized  infectious  disease  is  at  all  events  very  rare,  the  letter  is  i 
always  the  rule  in  i>oliomyelitis  adultorum. 

I  have  myself  seen  two  characteiistic  cases  foUowing 
fever ;  it  ha,**  also  beeu  observed  after  measles,  in  gonorrhcBa  (C 
heim),  in  the  puerperal  state,  etc.     We  may  perhaps  take  for  J 
that  evtrif  infection  may,  under  certain  conditions,  give  i 
symptoms.     Nevertheless,  the  occurrence  of  the  disease  bbbI 
affection  lias  not  infrequentl}^  been  observed;  or  it  might  pa' 
more  correct  to  say,  the  disease  occurs  in  conse<xuence  of  an  i 
by  ageiik  as  yet  unknown  to  us   (inf€cHo)}s  uiiiommtnAv  d 
Heavy  colds,  traumatisms,  and  overexertion  are  also  looked 
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^^^■^    These  laetorB,  however,  act  probably  only  along  with  the 
Xfection  itself  as  anxiliary  or  predisposing  causes. 
According  to  some  authorities,  patieota  who  have  i>assecl  through 
infantile  paralysis  are  in  later  years  more  liable  to  snflfer  again 
rom  an  acute  poliomyelitis. 

As  regards  the  particular  mode  of  infection,  the  reader  is  referred 
the  section  on  infantile  paralysis.     We  wiU  only  mention  that  the 
at  least  in  its  acute  stage,  corresponding  to  the  character  of 
infection,  does  not  limit  itself  to  the  spinal  cord,  but  may  impli- 
,te  the  entire  economy,  as  is  shown  by  the  clinical  symptoms.     We 
iVe  here  another  point  of  resemblance  between  atrophic  spinal  pa- 
iljsis  of  the  adult  and  infantile  paralysis* 

Symptoms- 

The  initial  stage  of  atrophic  spinal  paralysis  is  always  accom- 

ed  by  fever.     If  the  disease  is  a  sequel  to  some  other  infectious 
ifiease  which  has  run  its  course,  or  occurs  seemingly  as  an  independ- 
nt  affection,  the  advent  of  the  fever  will  occur  suddenly  in  tlie  midHt 
t  perfect  health ;  should  it,  however,  appear  as  a  complication  of  ty- 
ilioid  fever,  for  example,  an  additional  tihb  of  temperature  may  at  the 
iost  be  observed.     The  fever  may  continue  in  the  adiiit  for  several 
^eeks,  while  it  lasts  in  children  at  the  most  three  to  four  da^s.     Ini- 
tial cerebral  symptoms,  particularly  convulsions,  are  rare  in  the  adult, 
although  stupor,  coma,  and  delirium  may  sometimes  he  observed. 
This  is  probably  due  to  the  fact  that  in  young  children  every  irrita- 

Con  of  the  brain  is  liable  to  react  ^ith  convulsions. 
The  occurrence  of  paralysis  is  usually  rapid  in  the  adult,  as  in 
16  child ;  but  the  grown  patient  is  naturally  more  observant  than  the 
child  or  its  parents,  and  notices  that  at  first  one  leg,  then  the  other, 
d  lastly  the  trunk  and  upper  extremities  are  involved.     In  a  short 
iriod  of  time  the  greater  number  of  the  muscles  of  the  body  are 
y  paralyzed.     Adult  patients  complain  much  more  freriuentty 
children  of  intense  radiating  pain  at  the  onset  of  paralysis,  a 
fact  which  is  easily  explained  by  the  extension  of  the  anatomical  [>roc-' 
htBB  to  the  posterior  columns  and  posterior  horns ;  it  is  probable  that 
Biese  pains  would  be  noted  much  more  fretjuently  in  children  also  if 
'atter  could  make  themselves  better  understood.     Should  the  pain 
ftj  severe  and  lasting,  a  neuritis  might  of  course  be  susi)ected. 
irbances  of  sensation,  paralysis  of  the  sphincters,  and  trophic 
•bances  of  the  skin  are  not  eneouuterecl. 

ath  may  biVe  place  during  the  firnt  stage  of  the  disease  from  an 
ftment  of  the  motor  centres  of  the  muscles  of  respiration;  this, 
r,  as  in  infantile  paralysis,  oecui^  very  rai'ely. 
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The  sabsequent  ooBiBe  of  the  dise4ise  is  the  same  ^  b  i 
paralysis.     The  genend  healili,  after  the  fever  has  nm  its  coone,  i 
mains  permanently  good.     The  extent  of  tlie  paralysis  Mm  i 
maximiim  in  the  first  few  days  of  the  disease,  after  which  time  it| 
not  prc^fressive  but  retrogressive. 

In  a  relatively  short  jieriod,  a  few  weeks  or  months,  a  large  y^j 
tion  of  the  paralyzed  muscles  again  recover.     Those  which 
present  remain  paralyzed  show  either  a  complete  reaction  of  i 
ation,  and  then  rapidly  become  permanently  atrophici  or  thev  i 
dimination  of  electrical  irritability  mth  both  currents;  the  hi 
may  eventually  recover,  but  very  slowly  and  gradnally,  more  sb 
even  than  in  infantile  paralysis,  so  that  we  may  still  hoije  for  iift-J 
provement  even  after  a  very  long  period  has  elapsed,     Wlien  panilT 
o^nrs,  it  is  of  the  relaxed  variety.     Finally  a  total  absence  of  i 
trical  irritability  takes  place,  and  all  reflexes  are  abolii^heth    Ai  I 
general  rule,  electrical  irritability  is  more  slowly  recovered  thanf 
tional  use. 

As  has  already  been  said,  it  is  the  rule  to  have  a  greater  no 
of  permanent  lesions  in  the  spinal  paralysis  of  adults  than  inihstf 
children.  Corresponding  to  this,  several  or  all  of  the  extren 
are  involved  in  the  |)ermanent  paralysis.  Of  two  cases  observed  I 
the  writer  (Bi-uns),  there  remained  behind,  in  the  first,  a  pandjiiil 
all  four  extremities ;  in  the  second,  of  both  arms  and  of  the  mQ 
in  the  area  of  the  ui>per  cervical  cord,  so  that  even  the  diapbiagni 
l>aralyzed.  This  same  fact  is  mentioned  by  nearly  all  authors. 
combinations  of  paralysis  in  the  individual  segments  of  the  < 
ties  do  not  vary  from  w*hat  we  have  seen  in  infantile  spinal  panljri 
The  types  of  Remak  also  occur  here.  A  permanent  aflfection  of  i 
upper  cervical  region,  with  paralysis  of  the  diax>hragm,  seemdioc 
cur  more  frequently  in  the  spinal  paralysis  of  adults  thaninthitl 
children. 

It  was  believed,  before  multiple  neuritis  was  as  yet  well  i 
that  acuta  atrophic  si)inal  ]>aralyais  frequently  resulted  in  perfect  1 
covery.     At  the  present  time  we  know  that  this  is  as  infreqnenlt  if  i 
lia]vpeus  at  all,  as  in  infantile  spinal  paralysis.     A  perman^it  ] 
sis  is  nearly  always  left  behind  in  one,  or  more  generally  in 
extremities.     The  termination  of  a  case  in  |>erfect 
tat^^H,  according  to  our  view,  a  diagnosis  of  mnltipk 
of  tliut  of  poliomyelitis  anterior. 

An  osBontial  difi'erence  between  infantile  polic 
of  the  adult  consists  in  this,  that  the  deformities  st 
ring  in  the  oyp  do  not  play  an  important  role  in 
first  plat*e,  all  those  deformities  which  are  oocasioj 
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ndysis  by  the  disturbance  of  osseous  growth  do  not  occur,  as  this 
has  ahneady  reached  its  close.  In  the  second  pkce,  the  attention  of 
the  adult  is  of  course  at  once  drawn  to  any  beginning  contractures 
and  faulty  x>o6itions,  and  he  avoids  the  injurious  factors  mechanically 
active  in  their  production,  and  is  thus  able  to  arrest  their  further  prog- 
ress. This  is  also  a  hint  to  us  that  we  might  be  able  to  prevent  these 
deformities  in  children  if  we  would  devote  to  this  object  the  necessary 
care  and  attention.  Deformities  in  adults  are,  of  course,  to  be  avoid- 
ed altogether  only  by  the  use  of  a  proper  apparatus. 

Diagnosis. 

The  diagnosis  of  acute  atrophic  spinal  paralysis  of  the  adult  would 
be  easy,  with  its  specific  symptoms,  if  it  were  always  possible  to 
differentiate  it  from  neuritis.  This  is,  however,  often  exceedingly 
difficult.  An  acute  beginning  with  rapid  progress  of  the  paralysis  to 
its  highest  point,  severe  pain,  a  convalescence  at  times  rapid,  at 
times  slower,  atrophy,  reaction  of  degeneration,  and  a  flaccid  type  of 
paralysis,  are  found  in  both  diseases.  Combined  paralyses  similar 
to  those  of  poliomyelitis  may  also  occur  in  neuritis.  The  occurrence 
of  the  disease  following  infectious  diseases  also  is  as  characteristic  of ' 
neuritis  as  of  poliomyelitis.  All  these  factors  frequently  render  a 
differentiation  impossible  in  the  beginning,  and  a  positive  diagnosis 
can  be  based  only  upon  the  outcome — a  perfect  cure  in  neuritis,  a 
partial  one  only  in  poliomyelitis.  In  doubtful  cases  we  may  bear  in 
mind  that  multiple  neuritis  is  a  much  more  frec|uent  disease  than 
poliomyelitis  adultorum.  Another  difficulty  arises  from  the  fact  that 
the  two  diseases  may  coexist,  and  we  now  know  that  even  in  true 
multiple  neuritis  there  is  not  a  perfectly  normal  condition  of  tlie 
spinal  cord. 

It  might  be  perhaps  possible  to  hazard  a  diagnosis  of  poliomye- 
litis at  the  outset  of  the  disease,  if  the  paralysis  has  come  on  very 
suddenly,  more  so  than  it  usually  does  in  neuritis,  and  if  pain  is 
absolutely  absent.  Tlie  reaction  of  degeneration  also  is  usually  more 
typical  in  spinal  paralysis  than  in  neuritis.  In  a  prognostic  sense, 
the  early  differential  diagnosis  is  of  course  of  great  importance. 

Hsematomyelitis  is  differentiated  from  acute  poliomyelitis  of 
adults  by  its  course,  which  is  rather  more  rapid  than  that  of  poliomy- 
elitis, and  by  the  absence  of  sensory  disturbances. 

Landry's  paralysis  is  diagnosed  by  its  course,  and  also  by  the 
absence,  in  typical  cases  of  the  latter,  of  the  reaction  of  degeneration. 
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PBOGNOfilS. 

The  prognosis  of  acute  poliomyelitia  of  the  adult  is  more  I 
aUa  in  one  respect  than  that  of  the  infantile  form  of  the  i 
because  the  ocenrrenoe  of  deforniitiee  need  hardly  be  feared;  I 
another  respect  it  is  leBs  favorable,  becaoae  the  penBaneDt 
is  mneh  more  diffuse.     The  prognosis  is  alwajs  graTe; 
death  rarely  restdta>  the  patient  nsoally  remains  a  crippk  aol  i 
able  to  support  himself. 

Tbeatkekt. 

The  therapy  of  the  disease  is  the  same  as  that  of  infantile  i 
sis.     In  the  very  chronic  stage  of  conyalescenca,  a  sojottm  &t  \ 
the  indifferent  or  saline  mineml  springs  is  to  be  stronglj : 
mended.     In  cases  of  very  severe  paralysis,  apparatus  and 
for  snpport^  possibly  ^so  arthrodesis,  must  be  employed.    In  { 
ral^  however,  surgeiy  is  of  much  less  benefit  in  the  atrophic  sp 
paralysis  of  adults  than  in  that  of  infants. 


Poliomyelitis  Anterior  Smbacute* 

This  affection  was  described  by  Dnehenne  under  the : 
ralysie  spinale  anterieure  sabaigne.  It  is  a  more  or  less 
atrophic  paralysis,  due  to  an  inflammation  of  the  gray  matter  cf  I 
anterior  horns,  which  reaches  its  full  development  in  the  oaaimdli 
few  weeks.  The  frequency  of  its  occurrence  was  formerly 
overestimated,  for,  as  we  now  know,  most  of  the  cases  included! 
were  really  instances  of  multiple  neuritis.  Other  cases,  which  i 
formerly  described  under  this  name,  and  in  which  anatomical  i 
ha^  furnished  the  proof  of  a  disease  of  the  spinal  oord^  do  not  1 
clinically  to  this  category,  for  their  course  was  a  progreeaiTely  I 
one.  But  in  subacute  poliomyelitis  the  prooees  must  of  i 
come  finally  to  a  standstill,  and  then  more  or  less  improvement  in  tli» 
paralysis  will  take  place. 

Subacute  poliomyelitis  anterior  may  differ  in  its  symptom  \ 
the  acute  form  only  in  its  slower  development,  paralyma  ^^  **>•  i 
cles  being  always  preceded  by  their  atrophy.     One 
other,  or  one  extremity  after  the  other  is  involved 
pnxvss,  an  order  indicative  of  the  segment  type  of  [ 

In  the  dhtviosis  multiple  neuritis  alone  is  to  be  < 
general  rule,  we  have  to  deal  with  the  latter  and  nr 
lis.  certainly  so  in  those  cases  which  go  on  to  perf< 
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le  prognosis  is  not  so  favorable  in  these  eases  as  in  the  acute,  as 
^tre  necessarily  for  a  long  time  in  doubt  whether  the  paralysis  ^ill 
^^^3ie  to  a  standstill  at  all,  and  if  so,  at  what  time. 

Poliomyelitis  Anterior  Chronica. 

The  symptomatology  of  chronic  atrophic  spinal  paralysin  was 
lidered  doubtful  for  some  time  after  the  chronic  forms  of  neuritis 
been  recognized,  for  tlie  reason  Uiat  the  anatomical  demoustra- 
►n  of  its  existence  was  so  very  defective*     Oppenheim  recorded  an 
tomically  clear  case  of  chronic  atrophic  spinal  paralysis  in  1888, 
d  a  second  on©  in  1892.     Recent  authors  have  assumed  that  we 
TBave  to  deal,  in   this  afiFection,  with  two  forms  of  disease.     First, 
with  a  real  chronic  inflammatory  process  originating  in  the  blood- 
Tesaels,  perfectlj'  analogotis  to  acute  poliomyelitis  anterior,  only  run- 
ning a  chronic  course;  and  secondly,  with  a  simple  primary,  per- 
jure a  systemic  degeneration  of  the  ganglia  of  the  anterior  horns. 


Pathological  Anatomy. 


IB  Opi>enheim'B  cases  illustrate  these  two  forms  to  which  we  have 
jnst  referred.  In  the  first  case  there  were  found  a  simple  disappear- 
unce  of  the  motor  cells  of  the  ganglia,  moderate  degeneration  of  the 
anterior  roots,  and  more  marked  degeneration  of  the  peripheral  nerv^es, 
with  resultant  changes  in  the  muscles,  but  no  alterations  in  the  blood- 
Tessels;  the  process  was  confined  to  the  anterior  horns,  and  in  the 
lateral  columns  to  the  processes  of  the  cells  of  the  lateral  columns. 
In  the  second  there  was  a  notable  increase  in  the  number  of  vessels, 
the  glia  was  softened,  and  numerous  spider  cells  were  found ;  the  pos- 
terior columns  and  Clarke*s  columns  were  also  slightly  involved  in  the 
I  inflammatory  process*  The  histological  picture  in  this  second  case 
[  was  entirely  that  of  acute  poIiom,>'elitis. 

Ettology. 

Very  little  is  known  of  the  causes  of  chronic  poliomyelitis.     As 

quite  similar  affections  have  been  observed  to  occur  after  lead-poison- 

,  it  has  been  thought  that  there  may  be  some  connection  with 

mbism.     Nonne  has  recently  described  a  case  of  chronic  atrophic 

lysis  occurring  in  diabetes.     In  all  probability  the'^e  cases  of  in- 

ication  belong  to  the  second  type  of  Oppenheim' s  cases.     Cases  of 

imaiy  progressive  degeneration  of  the  ganglia  of  the  anterior  horns 

re  very  obscure  in  their  etiology. 
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Symftoms  and  Course. 

The  disease  begins  slowly,  without  an^'  prodromic  febrile  i 
the  patient  perhaps  becomes  awnre  of  a  weakness  in  one  or  t 
oE  one  lower  extremity,  then  another  part  becomes  paretic,  and  1 
the  trunk,  the  upper  extremities,  and  finally  the  muscles  of  tkl 
and  neck  are  affected*     More  rarely  the  weakness  is  first  experi 
in  the  upper  extremities.     This  weakness  -after  a  few  months  i 
i^ly  increases  in  the  muscular  areas  first  attacked  until  it  t 
a  paralysis  with  atrophy.     During  this  time  severe  pain  is  I 
experienced,  perhaps  in  those  cases  belonging  to  Oppenheim*fi  i 
cate^^ory  more  especially* 

Examination  at   this  time  reveals  a  flaccid  atrophic  pandr 
The  atrophy  probably  has  followed  the   paralysis  rapidly,  brt  i 
never  precedes  it.     The  electrical  reactions    indicate 
We  shall  find  in  the  paralyzed  muscles  complete  and  partial 
of  degeneration,  and  frequently  also  electrical  iieculiarities,  snd  i 
delayed  indirect  contraction  or  faradic  reaction  of  degeneratioiL 
occasionally  find  a  normal  reaction  in  the  paralyzed  muscles,  witkli 
reaction  of  degeneration  in  muscles  which  still  retain  their  fimctia 
The  tendon  refiexes  are  weak  or  abolished ;  they  may  be  deliied,  i 
may  br^come  exhausted  after  a  few  trials. 

Disturbances  of  sensibility  or  of  the  sphincters  are  : 
The  rejjroductive  function  remains  unaffected. 

The  segnieut  type  is  not  so  marked  in  these  as  in  the  acute fai 
probably  on  account  of  the  very  slow  progress  of  the  disease,  1 
evidences  of  it  may  exist.  Thus  in  the  arm  the  triceps  ma?  far  I 
longtime  remain  unaffected;  in  the  forearm,  the  flexor  muscki^ 
the  fiugers  and  tlie  abductor  pollicis;  in  the  leg,  the  mnsclffi  of  1 
calf  or  even  the  tibialis  anticus. 

The  further  course  may  now  vary.     In  most  coaes  the  < 
continually  progressive  one.     More  and  more  mnsclee  are  te 
and  those  affected  grow  constantly  weaker,  and  then  become  i 
Not  infretjueutly  the  disease  takes  on  an  ascending  cbamcter,  ef  I 
arises  from  several  i>rimary  foci,  from  which  it  spreads 
Finally,  there  remains  a  total  paralysis  of  all  the  extremities  ial«( 
the  tniuk.     If  now  the  nuclei  of  the  respiratory  muse 
involved,  death  liy  asphyxia  is  the  result. 

This  course  is  i>robabl3"  inevitable  in  primary  atn 
glia.  The  duration  of  the  affection  may  then  be  afc 
In  the  nou-inflanumitory  cases,  however,  there  may  o- 
of  the  process,  with  continuation  of  the  paralysis  in 
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the  former  has  advanced  to  a  certain  extent.  Improvement  here  also 
is  very  rare.  Should  a  cure  take  place  in  a  suspected  case,  we  may 
regard  it  in  all  probability  as  really  one  of  neuritis.  The  patients 
are  usually  attacked  in  the  prime  of  life,  and  men  are  apparently 
somewhat  more  exposed  than  are  women. 

Diagnosis. 

The  diagnosis  of  the  disease  rests  upon  the  existence  of  a  paraly- 
sis of  the  muscles  and  their  degeneration.  Its  diagnosis  may  be  easy 
in  those  cases  which  are  characteristic  in  their  symptoms  and  course. 
There  is  very  little  danger  of  confounding  poliomyelitis  with  a  truly 
chronic  course  with  neuritis.  Progressive  spinal  muscular  atrophy 
probably  does  not  differ  greatly  in  its  symptoms  from  those  forms  of 
chronic  poliomyelitis  which  take  on  a  progressive  course.  As  its 
course,  however,  is  also  much  slower,  and  one  muscular  fibre  after 
another  becomes  degenerated,  the  clinical  difference  arises  that 
while  in  poliomyelitis  the  paralysis  precedes  the  atrophy,  in  pro- 
gressive spinal  atrophy  the  atrophy  makes  its  apx)earance  first,  and 
paralysis  can  be  demonstrated  only  after  this  atrophy  has  become 
more  or  less  marked. 

For  this  reason  also  the  reaction  of  degeneration  is  rarely  marked 
in  progressive  muscular  atro])hy,  and  frequently  it  can  hardly  be 
found.  Furthermore,  spinal  muscular  atrophy  usually  begins  in  the 
fingers  and  hands,  chronic  poliomj'elitis  in  the  legs.  It  goes  without 
saying  that  forms  are  met  with  which  run  into  each  other,  in  which  a 
positive  distinction  is  not  possible. 

From  amyotrophic  lateral  sclerosis,  chronic  atrophic  spinal  pa- 
ralysis is  differentiated  by  the  fact  that  in  it  the  paralysis  is  also  in 
the  legs  a  relaxed  one  from  the  beginning,  and  that  the  reflexes  are 
absent  or  are  weak;  the  atrophy  begins  in  the  hands  in  amyotrophic 
lateral  sclerosis,  and  the  bulbar  symptoms  also  play  a  much  greater 
role  in  it  than  in  poliomyelitis  anterior  chronica.  Syringomyelia 
differs  so  greatly  in  typical  cases  from  poliomyelitis,  by  its  trophic 
and  sensory  disturbances,  that  a  mistake  can  scarcely  be  made. 
Only  in  those  cases  in  which  the  disease  is  manifested  principally  by 
the  paralysis  and  atrophy  of  muscles,  and  at  the  same  time  involves 
more  rapidly  than  usual  a  whole  extremity,  must  the  diagnosis  for  a 
time  remain  in  doubt. 

Prognosis. 

The  prognosis  in  poliomyelitis  anterior  chronica  is  very  grave. 
As  a  rule,  the  affection  runs  a  progressive  course  to  a  lethal  ending. 
We  may  well  say  with  Oppenheim  that  the  clearer  the  symptomatol- 
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ogy  the  worse  is  the  prognosis.     In  cases  in  which  there  are  1 
pains  the  prognoeis  is  less  mifavorabIe»  as  pain  is  nsiudlj  not  ] 
with  in  primary  degenerative  processes  of  the  anterior  honis;  lad 
is  in  these  latter  cases  especially  that  the  paralysis  progresstti 
checked.     When  the  pain  is  very  marked,  we  may  suspect  a  < 
cation  with  neuritis.     If  this  is  the  case,  the  progress  of  the  affei 
may  become  arrested,  and  some  amelioration  even  may  oocor. 

Tbeatjce!?T. 

This  is  wholly  ineffectiial  in  the  continnoosly  progreasiTS^ 
If  the  disease  become  stationary,  it  will  not  be  dne  to  onr  < 
Electricity,  massage,  and  hydrotherapy  may  be  tried^  if  the 
sity  for  action  is  felt. 

MYELITIS. 

Under  Oie  general  term  myelitis^  or  inflammation  of  the 
cord,  we  shall  include  a  description  of  acute  and  chronic 
myelitis,  Landry's   paralysis,  and  acute    disseminated 
myelitis. 

DEFmmoN. 

In  giving  a  description  of  so-called  myelitis  it  is  necessarr- 
haps  more  so  than  in  the  case  of  any  other  disease — to  obtain  i 
advance  a  clear  idea  of  what  is  to  be  included  in  this  categorr  i 
what  18  to  be  separated  from  it.  The  gi-^t  tliffieulty  of  giving  sodb^ 
clear-cut  definition  of  the  clinical  picture  of  myelitis  is  shown 
dearly  by  the  difl^erences  in  the  views  of  the  most  authoritati*« 
writers  on  the  subject.  Oppenheim,  relying  upon  extensive 
and  auatomicopathological  experience,  looks  upon  acute  myehtas  I 
an  extremely  rare  disease,  whose  diagnosis  may  be  made  only  i 
the  exclusion  of  all  other  possibilities.  He  believes  that  the  natnreii 
myelitis  is  more  obscure  than  that  of  tlie  majority  of  other  i 
diseases,  and  he  thinks  that  chronic  myelitis  depends,  in  most  cases, 
multiple  sclerosis.  On  the  other  hand,  Leyden,  who  incln^siai 
category  of  m\'elitis  all  other  chronic  diseases  of  the  spinsl 
(with  the  exception  of  tabes  dorsalis,  progressive  spinal  niii 
atrophy,  Friedreich's  disease,  and  syringomyelia),  regards  it  as  o 
tlie  best  known  diseases  of  the  cord.  Gowers  also  speaks  ot 
frequency  of  acute  myelitis  and  even  of  a  special  prerlisposition  ol 
cord  to  inflammatory  disease,  but  he  includes  many  things  in  t 
category  wbicli  it  is  better  to  keep  distinct.  Pierre  Marie  is 
judical  in  u^jholding  Oppenheim's  views.     He  would  prefer  to  i 
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\  term  myelitiis  eDtirely  from  the  nosology  of  the  apmal  eord  and 
it  for  the  present  for  clinical  and  didactic  reasons  only. 
might  be  supposed  a  piimi  that  pathological  anatomy  would 
ide  the  question  and  that  from  its  standpoint  it  would  be  easy  to 
Biermine  which  diseaseB  merit  the  term  inflammation  and  which  do 
[>t-  But  tliis  is  by  no  means  true.  The  histological  notion  as  well 
>  the  interpretation  of  the  real  nature  of  inflammation  ia  still  a  vari- 
le  one,  and  tliis  is  particularly  true  in  regard  to  the  spinal  (!ord. 
will  be  shown  liereafter  that  the  macroscopical  and  microscopical 
ndings  which  are  regarded  as  characteristic  of  acute  myelitis  are  by 
means  charaeteristic  of  inflammation,  but  occui*  in  exactly  the  same 
ij  in  Don-inflammatory  diseases  of  the  eord.  Moreover,  the  finer 
lological  histology  of  the  cord  is  still  obscure.  We  need  merely 
1,  for  example,  that  we  are  at  the  very  l>eginning  of  our  knowledge 
ganglion  celb.  In  tins  direction,  accordingly,  it  is  not  possible 
secure  a  satisfactory  definition  of  the  clinical  picture  of  myelitis, 
Fe  shall  succeed  better  by  basing  our  considerations  on  etiological 
auditions.  We  may  include  among  the  myelitides  those  diseasen  of 
lie  cord  which,  by  their  etiology  and  cUuical  syniptoniH,  make  it 
fitiBible  or  even  indisputable  that  we  have  to  deal  with  a  virus  winch 
passed  through  the  blood-vessels  to  the  cord  and  thei-e  exerted  a 
structive  action.  We  have  to  deal  here  in  the  main  with  tw-o  large 
iological  groui>s:  the  infectiouH  diseases  and  the  intoxicatioys 
the  naiTower  sense.  Both  groups  may  inchide  a  large  number  of 
diseases  of  the  cord  which  are  very  different  clinically,  Imt  are  gener- 
ally regarded  to-day  as  inflammatory  in  character.  They  include 
acute  and  subacute  anterior  poliomjtelitis  of  adults  and  cliikli'eii,  the 
c?erebral  form  of  Landry's  ]>aralysis,  those  fi>rms  of  coml lined  system 
diseases  which  depend  probably  on  a  coiiieal  myelitis,  disseminated 
myelitis  and  encephalomyelitis  {iu  which  niuUi[)le  sclerosiH  is  un- 
doubtedly closel3'  allied),  disease  of  the  uoril  as  the  rewult  of  severe 
trophic  disorders  (pernicious  anaemia)  or  the  ingestion  of  poisoned 
articles  of  food  (ergotism,  [jellagm,  lathy rism),  and  finally  those 
cases  of  more  difl^use  inflammation  which  spread  irregularly  over  the 
entire  transverse  section  of  the  organ  and  are  known  as  trans>'erse 
myelitis* 

There  are  no  essential  differences  betw^een  these  various  inflani- 

ry  diseases  of  the  spinal  cord.     The  special  hxmlization  i>roVi- 

depends  on  the  fact  that  in  one  case  the  inflammation-produciug 

^nce  entei-s  the  territory  of  the  ceutral  arteries  (anterior  jjolio 

litis  and  some  cases  cjf  Landry's  paralysis) »  in  auother  affects  the 

e  central  nervous  system  in  a  disseminated  form  (disseminated 

uphalomyelitis,  multiple  sclerosis),  in  a  third  series  enters  nmiuly 
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through  ihe  corlical  vessels  (certain  forms  of  combtned  •ystem  dfaK 
ease),  aocl  finallyi  iu  a  fourth  group,  aflfects  the  corticml  and  oentiml 
vessels  uniformly  Imt  only  over  a  limited  area  longitvidityiUjr  (1 
verse  myelitis) .  Despite  this  close  alliance  the  coiime  of 
of  the  doctrine  of  cord  diseases  has  been  such  that  almost  all  111* 
diseases  mentioned  are  discussed  in  .Hepamte  fliaptt^rn,  for  eMmpfcii 
acute  poliomyelitis  i)f  adults  and  children,  multiple  sclerosift,  and  Mm 
combined  system  iliseases.  This  separation  has  bomo  abQndul 
fruit  for  the  development  of  our  kuow ledge  of  the  iudJTidQAl  fonn  of 
disease  and  for  thin  reiison  we  shall  not  deviate  from  it.  In  the  BAtn 
we  shall  discuss  only  the  transverse  form  of  myelitis,  Umiteici  ineislefil 
longitudiuallv  (transverse  and  more  or  less  diffuse  myelitic)  *tir1  thill 
reserve  for  it  alone  the  term  myelitis.  But  included  with  it  wm  t!baU 
also  discuss  Landry *s  form  of  myelitis  (which  in  certelA  cUnicallj 
rare  forms  can  liardly  Im?  distinguished  at  the  outnet  from 
myelitis)  and  disseminated  encephalomyelitis,  which  luMl 
treated  Iiitherto  with  scant  courtesy  and  for  which  it  in  difliirall  Id 
find  another  jdace. 

If  we  confine  the  use  of  the  term  myelitis  to  the  dlMttMft 
are  characterized  by  their  etiology  as  inilammatory  and  wfalcli 
the  entire  cr<»ss  section  *jf  the  cord  over  a  varying  extf»ut  loogllvfi* 
nally,  we  shall  be  convinced  that  myelitis  is  a  rare  dif«eaiia,  uidtkil 
Oppenheim  and  Marie,  not  Ley  den  and  Gowera,  have  adiancsed  IIm 
ciiiTect  view,  Ajwirt  from  the  above-mentioned  truly  inSMnaifllai? 
diseases  of  the  cord,  which  have  been  se[)arat€<d  from  mjeUtni  ob 
account  of  their  s|»ecial  symptomatology  and  in  a  m^tmnm  am 
account  of  lnst{>ric(d  tniditiotm,  the  increase  in  our  HJiritfil  ml 
anatomicoptttholfjgicul  knowloilge  has  IchI  us  to  8ei)arate  from  m; 
an  entire  series  of  diseases  which  were  included,  until  recent 
in  this  category,  and  had  swollen  it  to  such  an  extent  tluit  it 
tlie  greater  iwirt  f>f  the  diseaaes  of  the  cord.  Thas,  Ike 
pression  myelitis  and  traumatic  myelitis  were  employed  (nwmmis* 
and  imleed  are  in  use  even  to-day,  although  it  is  knodm 
inflammation  of  the  cord  is  rarely  due  to  acute  tranmiUie 
sion,  to  slow  eompreasioD  by  tamors,  or  to  compreeaion  from 
cuhniH  disease  of  the  vertebrsp.  It  would  be  better  to  ilii|HHift  en- 
tirely with  the  terui  tniumatie  and  compression  myelitiB. 

A  large  part  of  the  cases  of  acute  so-c&Ued  myelitis  ere  doe  Id  en 
acute  thrombotic  softening,  not  to  an  infiammation*  TTiicee  eeeet  m9 
eutirelj  analogous  to  the  long  known  thrombotic  Bofteniii^  nf  tfw 
bimn.  It  might  almost  l>e  said  that  the  entire  doctrine  of  eooie  av^ 
litis,  and  particularly  its  pathologic^d  anatomy,  has  been  eteoled  Vftoa 
liuch  caaes  of  vascular  softening.     Many  cases  of  acute  ajrpliilitle  i^ye« 
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litis  in  jiarticular  apx)ear  to  develop  in  this  manner,  for  it  is  well  known 
that  diseases  of  the  vessels  occur  very  extensively  and  early  in  syph- 
ilis. In  such  conditions  we  have  to  deal  with  the  usually  very  acute 
syphilitic  iwiraplegias,  which  often  occur  without  any  prodromes. 
In  cases  of  meningomyelitis  and  in  the  rare  true  syphilitic  inflam- 
mation which  is  confined  to  the  cord,  the  entire  process  runs  a  slow 
course  and  the  paralysis  is  usually  i)receded  by  other  symptoms, 
especially  pain.  But  a  slowly  progressive  softening  is  not  ex- 
eluded,  even  when  the  cause  is  vascular,  and  hence  the  cases  de- 
scribed by  Erb  as  syphilitic  spinal  paralysis  may  be  due  in  part  to 
such  causes,  while  in  part  they  are  residua  of  acutely  developing 
I)araplegias.  Inasmuch  as  syphilis  is  not  the  sole  cause  of  the  vas- 
cular affections  which  lead  to  thrombosis,  similar  diseases  of  the  cord 
will  naturally  occur  under  other  conditions,  but  they  are  undoubtedly 
rare  outside  of  syx)hilis. 

Formerly  syringomyelia  was  also  regarded  generally  as  a  chronic 
myelitis,  especially  in  those  cases  in  which  the  trophic  disturbances 
of  the  muscles  are  less  prominent  and  the  disease  gives  rise  chiefly  to 
paraplegic  symptoms.  On  the  other  hand,  the  non-inflammatory 
nature  of  the  secondary  degenerations  was  early  recognized.  In  like 
manner  the  very  large  group  of  hereditary  and  familial  diseases  of 
the  cord,  and  which  in  the  main  are  confined  to  certain  systems,  are 
hardly  ever  included  among  inflammations.  The  tabetic  process 
also,  at  least  so  far  as  it  concerns  the  spinal  cord,  is  now  recognized 
definitively  as  non-inflammatory.  It  is  still  ciuestionable  whether 
the  diseases  of  the  white  columns  in  progressive  paralysis  do  not 
depend  upon  a  primary  inflammatory  disease  of  the  cells  of  the  gray 
substance,  and  Marie  thinks  that  this  is  also  possible  in  regard  to 
amyotrophic  lateral  sclerosis. 

Finally,  the  field  of  myelitis  has  been  materially  narrowed  by 
the  investigation  of  multiple  neuritis.  All  the  forms  of  this  disease 
were  regarded  formerly  as  poliomyelitis  or  diffuse  myelitis,  while 
to-day  we  make  the  diagnosis  of  neuritis  much  more  often  than  that 
of  myelitis.  Our  enlarged  knowledge  of  hysteria  has  also  enabled 
us  to  recognize  cases  of  this  curable  disease,  when  formerly  the  diag- 
nosis of  chronic  myelitis  would  undoubtedly  have  been  made. 

If  we  take  all  these  circumstances  into  consideration,  we  are  forced 
to  admit  tliat  we  can  rarely  make  the  diagnosis  of  transverse  myelitis 
with  any  degree  of  certainty,  and  that  this  morbid  group  has  lost 
considerably  in  importance.  Nevertheless  myelitis  still  possesses 
practical  and  scientific  importance.  Its  practical  significance  is  based 
on  the  fact  that  we  are  compelled  to  make  the  diagnosis  of  myelitis 
quite  often,  at  least  provisionally,  l)ecause  the  real  cause  of  the  para- 
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plegia,  [lerliapB  a  tumor,  is  not  recognized  dming  life  or  otslr  «t  a 
late  periocL  The  scieotiiSc  Biguificance  of  the  email  Dumber  of  autm 
of  true  traoHverse  myelitis  resides  in  its  etiology.  In  thiB  particitlar 
we  have  made  coosiderable  progress  in  the  last  few  years,  and  Ilia 
knowledge  we  have  gained  is  even  calt'olated  to  throw  d^w  U^t oft 
the  pathology  of  other  diseases  of  the  nerv'oas  syatem. 

HlBTOBY. 

The  firnt  i^riod  of  the  history  of  myelitis  extendi  fram  ihm 
nings  of  medicine  to  the  ep<x^li-making  works  of  Olliner  d* 
and  Abert.Ti>mbie,  both  of  which  apjieared  at  alxiut  the  bi 
the  first  third  of  this  century.     Until  that  time  diaeaaea  of  ^bm 
brflB,  the  niembraues^  and  the  spinal  cord  were  throim  logellier  viib- 
tmt  any  clear  tlistiiictioii.     These  two  authors,  basing  their 
upon  a  large  number  of  rtinical  and  anatomicopatbo1o|rieml 
tions,  first  separated  dise^Lses  of  the  sjiinal  cord  pro|ier,  axid  Odtni^ 
employed  the  term  myelitis  which  he  had  borrowed  frrim 
The  two  w Titers  m^ide  only  macroscoixic  oliservatious,  but  Ih^tr  Bad- 
ings  were  of  the  greatest  importance  at  that  time.     In  {tarticiilAr,  ilii?T 
recognized  the  conntx*tion  of  acute  myelitis  with  softeniug  of  tliecoftL 

The  soi^ond  ])eri(Rl  extends  from  the  time  of  these  writeim  QBti]  Ibe 
api»earance  of  Leyden*s  text^book  in  tlie  lieginniiig  of  the 
The  develoi>ment  of  our  knowledge  of  myelitis  at  this  time 
mainly  on  our  constantly  increasing  clinical  exi>erieuce  aimI  IIm 
ful  liistologic^il  examination  of  the  normal  and  pathological  cord.  Aid 
was  also  furnished  by  physiological  exi>erimentatioii.  It  in  iiDiM»> 
sible  to  give  even  approximately  the  names  of  all  the  pif>Qe«!r  aatbonL 
We  wnll  merely  mention  Dujardin-BesnmetjE,  Brown-SeqoarJ,  Hnyeai, 
and  especially  Charcot  in  France;  Lockhart  Clarki*  aod  GuU  tii 
England;  Hasse,  Engelke,  WestphaU  Fromann.  and  Mamdcnpf  m 
Germany,  In  1875  Leydeu  coilectfHl  the  exjM^riences  of  UieHS  wrilas 
and  his  own  abundant  observations  in  the  principal  work  of  kin  lit". 
the  **KliMik  der  Riiekenmarkskrankheiten/*  To  a  oerliuii  extent  lie 
also  marks  the  beginning  of  the  third  period,  because  lie  encooriid 
in  excluilitig  from  tlie  c^te^ory  of  myelitis  much  that  Ited  tiwmteAr 
l)een  in<*buled  in  it.  This  gradual  restriction  and  fiimllv  marknl 
narrowing  of  tlie  cliuical  picture  of  myelitis,  in  accoidaiioe  witb  tlie 
cotistnntlx  Hdvanciiig  specialization  of  our  knowledge^  im  ibe  ekief 
merit  of  the  third  |>eriad,  at  which  we  have  now  nrriTed.  Tlie 
manner  in  which  this  specialization  was  effected  is  erideot  iu  p^rt 
from  our  definition  of  myelitis  given  above.  Erb  still  eaUi  njdttb 
the  most  importjiut  and  extensive  chapter  in  the  dodriiie  of 
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of  the  cord,  but  he  is  aware  that  much  described  under  that  heading 
is  not  inflammatory  in  the  strict  sense  of  the  term.  Pick  differen- 
tiated syringomyelia  and  the  large  group  of  multiple  neuritides  from 
myelitis.  The  most  effective  and,  at  all  events,  the  best  prepared 
attack  on  the  theory  of  myelitis  was  made  by  Oppenheim,  seconded 
by  Marie.  To-day  the  clinical  picture  of  myelitis,  at  least  in  the 
opinion  of  the  majority  of  recent  writers,  exists  only  in  the  ver}- 
limited  manner  which  we  have  described  above.  It  is  in  consequence 
of  this  that  reports  of  cases  of  inflammation  of  the  spinal  cord  have 
recently  become  very  scanty.  The  main  interest  now  centres  in  the 
etiology,  and  much  has  been  achieved  here  by  experimental  investi- 
gation. 

Until  the  time  of  Ollivier  the  history  of  so-called  chronic  trans- 
verse myelitis  cannot  be  separated  from  that  of  the  acute  form. 
Later  this  was  made  to  include,  for  a  time,  the  findings  of  Tiirck 
and  Bokitansky  in  regard  to  secondary  degenerations.  The  clinical 
and  pathological  investigations  of  Charcot,  Bourneville,  Vuli)ian,  ami 
Ordenstein  referred  particularly  to  multiple  sclerosis.  The  occur- 
rence of  chronic  myelitis,  apart  from  that  which  follows  an  acute 
inflammation,  has  been  rendered  very  doubtful.  Oppenheim  believes, 
and  we  agree  entirely  with  him,  that  we  almost  always  have  to  deal 
with  multiple  sclerosis ;  Ley  den,  who  also  includes  in  this  category 
the  so-called  combined  system  diseases,  recognizes  their  more  fre- 
quent occurrence. 

Our  knowledge  of  Landry's  paralysis  begins  in  1859  with  Lan- 
dry's communication  on  acute  ascending  spinal  paralysis  without 
anatomical  findings.  The  succeeding  publications,  although  some  of 
them  mentioned  organic  findings,  merely  confirmed  Landry's  state- 
ments, and  with  Westphal's  investigations  in  1876,  the  essential  char- 
acteristic of  this  disease,  viz.,  the  negative  anatomical  appearances, 
could  be  regarded  as  proven.  But  soon  afterwards  it  was  found  that, 
while  in  some  cases  there  was  no  disease  of  the  cord,  an  affection  of 
the  peripheral  nerves  could  be  demonstrated ;  and  the  investigations 
of  Oettinger  and  Marinesco — and  even  the  early  ones  of  Baumgarten 
and  Eisenlohr — showed  that  very  careful  examination  would  some- 
times reveal  positive  changes  in  the  spinal  cord.  At  the  present 
time  we  distinguish  a  central  and  peripheral  form  of  Landry's  paraly- 
sis; the  first  variety  will  be  discussed  here. 

The  history  of  disseminated  encephalomyelitis  is  of  very  recent 
date.  The  names  most  prominently  associated  with  it  are  those  oi 
Westphal,  Ebstein,  Leyden,  Eiistner  and  Brosin. 
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Etiology. 


Tlie  chapter  on  etioloio'  i^  ^^  mtmi  intereBtiiig  luid  m  numj 
respects  the  moHt  important  in  the  whole  doetriiie  of  mxelitii.  W# 
have  already  stiiiecl  that,  so  far  as  regards  acute  tnuwvenie  lajrafitia, 
Landry  *a  paralysi8,  and  diRHeminatBd  encephalomyelitis,  there  mxm,  ia 
the  main,  two  etiologial  Victors,  viz.,  the  inf(M.'tiotia  and  tim  inlogciai- 
tioiiH.  80  far  as  regards  infections,  it  may  be  aaaerled  tliai  the  ptm^ 
sibility  of  an  impli*!ation  of  the  8i>iiml  cord  is  prfsent  in  etmrj  infer* 
tious  disease,  althx^uKh  flt>me  attack  the  cord  more  trBt|iieiidj " 
others.  In  the  individual  case  the  development  of  a  mytditiii  vill 
depend  upon  the  fact  whether — p<»rha[)S  its  a  matter  of  i 
amount  of  infectious  matt-er  whii'h  jienetrates  the  cord  ifl  1 
produce  tlisease  or  whether  the  cord  ia  a  h»fiif<  tniiKfrvi  i 
the  virus  is  present  in  the  general  circulation*  The 
acute  transverse  myelitis  has  l>een  obseneti--in  part  only  cl 
— after  measles,  scarhitina,  acute  articular  rheumatiamf 
typhoid  fever,  malaria,  diplitheria,  and»  espin^ially  in  tlm 
years,  after  influenza.  Recently  the  development  of  tma 
after  gonorrhoea  has  also  lieen  demonstrate*!  (Leydf^^  BattM)- 
The  occurrence  of  sujipurative  meningomyelitiH  in  sneh 
long  lieen  recognizeib 

Syphilis  prolwihly  does  not  phmIuc©  true  inflammal^jry  mtt^ 
in  au  acute  form.  The  gummoiis  iuJiliration  which  jiencrlvalM 
cord  from  the  meninges  or  develojis  primarily  in  the  fomer 
will  run  at  the  mobt  a  subacute  course.  lo  the  large  majoiitr  of 
other  syphilitic  diseases  of  the  coni  we  do  not  have  to  deal  with  uk 
flammation.  In  the  majority  of  cases  of  tnberculoais  there  is  AttBiple 
compression  of  the  cord  as  the  result  of  the  eitradaral  c&rioiie  proe- 
esses.  More  rare  are  solitary  tubercles  in  the  cord  itii«>lf,  and  Mil 
rarer  is  a  true  inflammatory,  miliary  infiltration  of  the  cord  in  gieoiiral 
miliary  tulierciilosis  or  secondary  to  a  carious  oaaeciciH  foocyi.  In 
bilierculoiis  meningitis,  on  the  other  Imnd,  small  miliary  tmdidee  not 
infre<piently  penetrate  the  cord. 

Ho  far  as  regards  wound  infe<'tions»  c4iMe«  of  transTerae 
have  l>een  ol>if*erved  after  erysiplas,  se[>tic}¥^mia,  anthrax,  atid« 
special  freipiency,  after  i>oripheral  infei^tion.  We  are  fofthar  i 
fuelled,  for  clinical  reasons,  to  assume  infection  in  an  entire  neri 
caaes,  although  we  are  unable  to  make  a  definite  si 
ing  the  nature  of  the  infection*producer.  Marie  epeeln  of  *inbfr^ 
tions  innomin^es.*'  Tliis  applies,  for  example,  in  the  sajorily  ol 
of  anterif>r  poliomyelitis  and  not  so  infrfiquentlT  in  Lnndr^'e 
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paralysis.  It  also  appears  as  if  the  bacillus  coli  communis  may 
under  certain  circumstances  produce  myelitis,  either  directly  or  after 
the  formation  of  a  toxin. 

Disseminated  encephalomyelitis  and  Landry's  paralysis  occur 
after  the  same  primary  infections,  and  indeed  the  direct  connection 
between  the  infection  and  myelitis  is  usually  much  more  evident  in 
these  forms  of  disease  than  in  transverse  myelitis.  Apart  from  the 
diseases  mentioned  above,  encephalomyelitis  has  also  been  observed 
after  cholera,  cholera  morbus,  dysentery,  and  simple  chronic  diar- 
rhcBa.  The  £rst  cases  of  this  kind  (after  dysentery)  were  described 
by  Onbler  as  early  as  1860;  thwi  followed,  in  the  seventies,  the  cases 
of  Westphal  after  smallpox,  of  Ebstein  after  typhoid  fever;  Kiistner 
and  Broein  saw  a  case  which  was  probably  connected  with  an  old 
gonorrhoea,  and  Oppenheim  mentions  its  occurrence  in  tuberculosis. 

Landry's  paralysis  has  been  observed  in  direct  connection  with 
anthrax  (Baumgarten),  typhoid  fever  (Eisenlohr),  smallpox  (Oet- 
tinger  and  Marinesco). 

A  considerable  increase  in  the  extent  and  accuracy  of  our  knowl- 
edge of  the  relation  between  infectious  processes  and  myelitis  has 
been  acquired  recently  by  experimental  investigations.  These  we 
owe  chiefly  to  French  observers.  Myelitis  was  produced  by  Babin- 
ski  and  Gharrin  by  infection  with  bacillus  pyocyaneus,  by  B;Oux  and 
Yersin  with  the  diphtheria  bacillus  and  the  bacillus  coli  communis, 
by  Boger  with  the  erysipelas  streptococcus.  Similar  experiments 
were  made  by  Gilbert,  Manfredi  and  Traversi,  Vincent,  and  Besan- 
5on.  The  similar  action  of  the  toxins  has  been  i)roven  in  regard 
M  diphtheria.  Not  alone  transverse  and  disseminated  myelitis 
may  be  produced  in  this  way,  but  also  partial  forms  of  myelitis — 
partial  in  regard  to  the  transverse  section.  Thus,  the  experiments 
of  Babinski  and  Charrin  resulted  in  a  spastic  symptom  complex, 
while  Boger  produced  a  form  similar  to  progressive  muscular  atro- 
phy. Years  ago  the  attempt  was  made  (Hayem,  Lionville,  and 
Ghrancher)  to  produce  myelitis  by  the  direct  action  of  chemicals,  such 
as  iodine  and  glycerin,  upon  the  cord,  but  the  majority  of  the  results 
were  not  free  from  suspicion.  The  most  successful  of  these  exi)eri- 
ments  were  made  by  Leyden  with  Fowler's  solution. 

The  manner  in  which  an  infectious  disease  attacks  the  spinal  cord 
may  be  threefold.  In  the  first  place  the  agents  of  the  primary  in- 
fection may  penetrate  directly  into  the  cord;  in  the  second  place, 
secondary  infections  may  be  engrafted  upon  the  primary  infection, 
for  example,  upon  a  diphtheritic  or  typhoid  ulcer,  and  the  cord  may 
be  attacked  by  this  secondary  infection;  thirdly,  the  toxins  produced 
in  the  body  by  the  primary  disease  may  constitute  the  real  morbific 
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element  in  tlie  cord.  The  first  method  has  been  rarely  oboerred.  lo 
one  case  of  aHoendiDg  paralysib  Baumgarten  found  anthras  baciUi  m 
the  cord.  In  a  similar  case  after  typhoid  fever  Curschnman  fooad 
typhoid  bacilli,  which  he  was  able  to  propagate  in  {lUfe  cull 
Accortling  to  Grasset,  the  second  method  is  especially  firequeol 
primarily  affected  parts  are  usually  colonized  by  the  simple  pQi  oood. 
wliich  ijenetrate  thence  into  the  general  circulation  and  so  reach  lli» 
spinal  cord.  Tlie  infection  seems  to  occur  in  this  way  in  tnany  cmmm 
after  diphtheria.  Eisenlohr  also  found  staphylococci  in  ike  aord  ift 
n  case  of  myelitis  after  typhoid  fever.  Oettiuger  and  Marifi«»o 
found  streiitococci  in  ascending  imralysis  after  smallpax,  Bairi^ 
found  staidly  lococci  in  a  case  of  myelitis  after  gonorrheal*  Equally 
fre<iuent,  or  perhaps  still  more  fret^uent  than  this  tuaHiod*  ii  tile 
|K>i8onjng  of  the  cord  by  toxins  of  the  primary  iliseases.  Il  is  tnue 
tliat  they  have  not  yet  been  found  in  the  cord,  but  thai  they  mmj  pco- 
duce  myelitis  has  been  proven  by  Roux  and  Tersin  in  refoud  lo  tta 
tliphtheria  toxin. 

An  inference  in  regard  to  the  manner  in  which  the  itifectioii  tuM 
acted  may  ]>erhH|*s  lie  made  from  the  clinic^  course  of  the  diniMiBii  is 
individual  cases.  The  mvelitis  which  is  produced  by  Uie  prtOMffjr 
infectious  tigent  would  probal)ly  appear  alx>ut  the  same  time  as  the 
primary  disease;  the  myelitis  due  to  toxins  might  follow  lbi>  jni* 
mar3'  disease  after  the  lapse  of  weeks  and  montlis;  an  intermedials 
position,  in  this  respect,  would  be  held  by  cases  in  which  th#  my^ 
litis  is  due  to  secondary  inflammation-prfKlucers.  Whethur  m  dif- 
fose  transverse  myelitic,  Landry's  paralysis,  or  diaseminatod  mm 
plialomyelitis  develops,  will  depend  uixm  cin*i]mstaiieiA,  Id  ths 
first  event  the  virus  penetrates  only  a  circumscribed  jiaft  ol  th« 
cordj  but  enters  all  the  vessels  of  this  region ;  in  the  seoood  enjA  ikm 
cenh^al  vessels  of  the  cortl  are  chiefiy  affected;  and  in  dim<flail«it»d 
myelitis  it  extends  over  the  entire  vascular  tm4*t»  but  is  mmtkend  ife 
different  parts  and  i>enetrate8  the  cord  in  small  foci.  Our  i 
knowledge  of  the  distribution  of  the  blood-TesseU  in  the  cotd 
us  that  the  first  and  third  conditions  will  develop  much  mors  rauiily 
than  the  second,  and  we  therefore  infer— as  is  really  the  cage  titfil 
transverse  myelitis  will  Ije  rarer  than  the  disseminated  form,  and  pM^ 
hai>8  even  rarer  than  Landry's  paralysjs. 

We  must  remember,  however^  that,  according  to  th«  g^eoerml  be- 
lief, peripheral    neuritis  will    develop   much   more   frequently    lluui 
myelitis  after  any  of  the  above-mentioned  infectious  discMSi.     Al  J 
events  the  differential  diagnosis  between  the  two  proesiMii  w  m  < 
cult  one^  and  it  has  become  the  general  custom  to  interpret  m  ter- 
mination in  recovery  as  favorable  to  the  diagnosis  of  oeiiritis  railier 
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than  of  myelitis.  Becent  careful  investigatioiis  have  shown  us  that 
in  neuritis  the  cord  rarely  is  entirely  unaffected.  Opx)enheim  be- 
lieves that  he  is  in  a  position  to  maintain  that  in  those  cases  in  which 
the  symptoms  indicate  a  combination  of  myelitis  and  neuritis,  the 
prognosis  is  favorable  also  in  regard  to  the  myelitic  process.  But  it 
is  still  certain  that,  on  the  whole,  the  processes  which  are  confined  to 
the  x)eripheral  nerves  are  more  frequent  than  those  resident  in  the  cord, 
and  that,  other  things  being  ^ual,  they  offer  a  much  more  favorable 
outlook  for  recovery.  In  regard  to  paralyses  after  intoxications  there 
is  a  still  greater  tendency  at  the  present  time  to  attribute  them  to 
neuritic  disease,  and  as  a  general  thing  this  view  is  doubtless  correct. 
But  it  is  not  very  probable  a  priori  that  a  virus  which,  when  received 
into  the  economy,  leads  to  paralyses,  will  injure  only  the  x)eripheral 
nerves  and  not  at  all  the  central  nervous  system.  In  a  certain  number 
of  toxic  paralyses  the  implication  of  the  cord  in  the  shape  of  a  mye- 
,Utis  has  been  demonstrated.  Among  the  metallic  poisons  this  has 
been  proven  positively  in  regard  to  lead  and  arsenic,  but  it  is  doubt- 
ful in  regard  to  phosphorus  and  mercury.  Among  organic  sub- 
stances the  most  important  in  this  respect  is  alcohol;  in  chronic 
alcoholism  the  centres  as  well  as  the  nerves  are  injured.  Diseases 
similar  to  acute  myelitis  also  occur  after  poisoning  with  carbon  sul- 
phide. Gaseous  poisons  appear  to  have  a  predilection  for  the  pro- 
duction of  disseminated  myelitis.  This  is  proven  in  regard  to  car- 
bonic oxide  and  carbon  sulphide,  and  we  have  observed  it  also  after 
chloroform  anaesthesia.  However,  x>oisons,  like  infections,  may  give 
rise  to  transverse  or  disseminated  myelitis  or  to  ascending  paralysis. 

y^etable  poisons,  as  a  general  thing,  appear  to  produce  more 
chronic  processes,  and,  in  addition,  have  a  greater  tendency  to  attack 
individual  parts  of  the  cord  than  to  cause  a  true  transverse  mye- 
litis. This  category  includes  ergotism  and  pellagra,  with  com- 
bined system  diseases,  and  probably  also  lathy rism,  whose  anatomi- 
cal basis  is  still  unknown.  Among  animal  poisons  snake  virus  seems 
to  be  capable  of  producing  myelitis.  This  category  also  includes 
rabies  and  the  myelitis  occurring  after  the  ingestion  of  spoiled  articles 
of  food,  particularly  sausage  poisoning. 

Finally,  in  certain  diseases  toxins  may  develop  in  the  organism 
itself  and  may  give  rise  to  myelitis.  Thus  a  poliomyelitis  was  observed 
by  Nonn^  in  diabetes,  and  Oppenheim  describes  a  transverse  myelitis 
in  tuberculosis  and  in  the  cachexia  of  cancer.  This  category  probably 
includes  the  cases  of  myelitis  occurring  in  pernicious  anremia,  icterus 
gravis,  Addison's  disease,  and  after  intoxications  starting  from  the 
stomach  and  intestines.  The  bacillus  coli  communis  x>^rhaps  plays 
a  part  in  the  latter  cases. 
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Clironic  myelitds  usually  develoi>8  out  of  tlie  acut^  form ;  an 
stage  is  either  followed  by  a  slowly  progressive  iufliimmatioQ,  or 
latter  is  iDterrupted  occasionally  by  acute  exacerbatioiift.     Tlie 
course  is  especially  cliaracteristic  of  multiple  scleroBis. 

Although  the  infections  and  intoxications  play  by  far  the 
important  role  in  the  genesis  of  myelitis,  we  must  not  forget 
other  etiological  factors  which  formerly  placed  a  prominent  part, 
are  now  relegated  tc^  the  background.  'This  is  true,  for  example, 
colds.  If  we  have  to  deal,  as  in  certain  of  thei»e  cases,  with  mt 
ct:K)ling  of  tlie  entire  cutaneaus  surface,  for  example  after  sleeping 
the  oi^en  air  during  cold  weather,  the  question  of  au  intoxicadoD 
to  sudden  suppression  of  the  entire  cutaneous  activity  may 
under  consideration.  It  is  more  difficult  to  explain  the  poidtiTdr 
observed  cases  of  disseminated  myelitis  and  multiple  sclerosis  foUot- 
ing  traumatism.  In  such  cases  our  first  thought  would  be  that  ^ 
trauma  had  mobilized  some  virus-  The  freciuency  of  so-called  mte- 
litis  after  exi>editious  in  war  may  be  explained  not  alone  by  the  hard- 
ships, but  by  colds,  infectious  diseaseK,  injuries,  abase  of  alDoh(i 
and  syphilis.  True  myelitis  haa  probably  never  occurred  after  i 
single  sexual  excesa  nor  from  suppression  of  the  menses* 

Pathological  Anatomy. 

With  the  section  on  pathological  anatomy  we  come  to  the 

difficult  part  of  this,  on  the  whole,  so  difficult  subject.  This  is  on 
in  part,  to  purely  extringic  causes.  In  the  cases  of  true  inflamu 
of  the  cord  (in  which  the  etiological  diagnosis  is  also  well  fnu 
death  occurs  very  rarely  in  the  acute  stage,  in  w*hich  the  recognition 
of  the  inilannuatory  nature  of  the  disease  would  be  most  easy.  IteUli 
usually  occurs,  if  at  all,  at  a  period  in  which  the  inflammatioo  h^ 
undergone  resolution  or  cicatricial  development  has  set  in.  Hmk* 
the  patliological  anatomy  of  acute  myelitis  is  based  either  on  tk 
cnsos  of  rapitUy  fatal  traumatic  so-called  myelitis,  which  are  now  recc%*- 
nized  as  non-inHammatory,  or  on  cases  of  paraplegia  which  develop 
acutely,  espocially  after  syphilis,  and  which  depend  in  the  majority 
of  cases  not  iii)ou  inflammation  but  upon  thrombotic  softening.  For^ 
these  reasons  it  is  very  easily  understt^jod  that  the  hi  *  ' 
scriptions  of  acute  myelitis  on  the  one  hand,  and  of 
vascular  softening  on  the  other  hand,  can  hardly  be 
from  one  another.  The  matter  becomes  still  more  ob 
m>'elitis  which  has  developed  out  of  an  acute  attau 
(^hronic  from  the  beKiuuing.  Here  we  find  only  the 
gre^sive  metamnrphosis,  especially  the  formation  c 
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3tologieal  examination    lias  been  unable  hitherto  to  diBtitLguiBh 

inflammatory    cicatrix    from     one    due    to    traumatic    destruc- 

>n.      We   have   already  stated   that  the  pathological  histology  of 

I    cord  in  general   ib  still   involved   in   obscurity.     This   is  due 

jjart  to  the  fact  tliat,  in  softening  of  the  cord,  the  preparation 

stiflSciently  thin   microscopical   sections   is   attended   with   difii- 

Ity. 

Hitherto  very  few  cases  have  been  reported  in  which  the  inflam- 
itorj^  nature  of  the  disease  of  the  spinal  cord  haa  been  proven  by 
le  auatoinicopathological  tindings,  particularly  hy  the  demonstra- 
511  of  intlammatiou-producers.  Clinically,  almost  all  such  cases 
are  examples  of  a  rapidly  fatal  Landry- 's  paralysis.  The  findings 
one  case  of  Oettinger  and  Marinesco  which  was  examinetl  with  all 
le  latest  tei'hnical  auxiliaries,  may  be  mentioned  here*  Clinically 
IB  CAse  was  one  of  Landi'y's  ascending  ijaralyeis.  The  peripheral 
^rvons  system  was  anatomically  nfvrmah  In  the  spinal  cord  the 
iuges  affected  mainly  the  blood- vessek ;  throngliont  the  entire 
length  and  breadth  of  the  cord  enormous  numbern  of  leucocytes  aud 
other  cells  were  enil>edded  between  the  different  ]>arti^  nf  the  vascular 
walls  (periviiseuUtiH).  These  cells  often  coutiiined  streptococci.  The 
latter  were  also  found  in  large  uumliers  free  Lu  the  tissues  and  in  the 
cells  which  infiltrated  the  tissue  of  the  cord.  Smaller  vewHels  cou- 
teined  thrombi  and  exhibited  eudarteritic  jircjcesses ;  sometimes  evi- 
dencBS  of  recent  hemorrhage  were  found  in  the  i^cinity.  Home  of  the 
ganglion  cells  also  contained  cocci.  Otherwise  they  exhibited  all  the 
stages  of  cloudy  swelling;  the  axis  cylinder  and  protoi>lasmic  proc- 
eBses  were  often  torn  off  clone  to  the  cell,  and  there  was  usually'  also 
a  change  in  the  arrangement  of  tlie  cliromatophilic  suVistance.  The 
microbes  were  especially  numerous  in  the  central  canal,  in  which  the 
process  probably  extended  very  rapidly  from  below  upwards;  the 
disease  was  most  pronounced  in  the  lumbar  cord. 

This  case,  in  which,  as  in  the  others  mentioned  above,  there  can 
be  DO  doubt  of  the  inflammatory  nature  fjf  the  disease,  may  l>e  re- 
garded  as  a  model  of  the  metlioil  to  l)e  jmrsued  in  the  further  study 
of  acute  myelitis.  As  a  matter  of  course,  such  clear  findings  can 
be  expected  only  in  cases  in  wliicli  the  disease  of  the  cord  is  due, 
if  not  to  the  germs  of  the  primary  disetise,  at  least  to  secondjii-y 
living  inflammation-producers.  If  we  have  to  deal  ^I'ith  an  effect 
of  a  toxin  of  the  primary  disease,  the  matter  cannot  l)e  decided 
offhand. 

W©  may  also,  with  toleralile  certainty,  infer  a  true  inflammation 
when,  as  has  lieen  proven  particularly  in  the  examination  of  fresh 
eases  of  anterior  poliomyelitis,  the  process  exteuds  only  to  the  vicin- 
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ity  of  B|)ecial  vascular  tracts  of  the  spiual  cord.     The  fimliugn  in  re- 
cent disseraiiiated  encephaloiiijelitis  may  also  be  utiluied  iu  the 
way. 

These  cases  of  acute  inflammation  of  the  spmal  cord,  whicli 
hiBtologically  placed  beyond  doubtj  form  a  very  small,  althoogli 
tremely  imj>ortaiit,  minority.     If  we  do  not  wish  to  abandon 
pletely  a  systematic  description  of  the  pathological  arnvtomy,  we  must 
still  adhere  to  the  pictures  exhibited  by  traumatic  and  vascuhir  soften- 
ing of  the  cord.     In  this  direction  the  picture  of  myelitic,  iu  all  its 
details,  has  already  been  furnished  by  Ley  den,  Erb,  and  Pick,  Al- 
though with  great  reservation  by  the  two  latter  authors.     Under  ii» 
same   reservations,  we   may  give  the  following   description  of  tlif 
pathological  anatomy  of  myelitis  and  which  in  its  main  feature  i^ 
modelled  after  tliat  of  Erb  and  Pick, 

We  shall  consider  for  the  present  only  the  so-called  acute  tmor 
verse,  more  or  less  diflfuse  myelitis.  The  adjective  **  transverse"  in- 
dicates tliat  the  disease  extends,  at  a  certain  level,  over  a  large  pui 
of  the  transverse  section  without  any  regard  to  the  systems  of  fibfi*. 
It  never  destroys  the  trausverae  section  entirely  but  always  le»Te* 
islets  of  intact  fibres.  The  adjective  "  diffuse''  refers  to  the  extensioo 
of  the  iDtlammatiou  along  the  length  of  the  cord,  and  this  mar  involre 
one  or  many  segments.  The  extension  along  the  transverse  sedioQ 
may  also  vary  greatly  at  different  levels. 

According  to  Erb  we  may  distinguish  in  myelitis,  from  an  aai- 
tomicopathological  standpoint,  three  stages  macroscopically :  (Ij  BM 
softening;  (2)  yellow  or  white  softening;  (3)tlie  stage  of  nesolntioD, 
retrogressive  metamorphosis,  or  formation  of  cicatrices.     In  the  fint 
stage,  the  cord  is  swollen  as  a  whole  at  the  site  of  inffamm&tioQ; 
if  a  transverse  section  is  made,  it  usually  projects  considerably  abcM^g 
the  level  of  the  cut.     The  picture  presenteil  by  the  transverae  M^^ 
tion  is  generally  indistinct,  in  many  cases  nothing  can  be  reoogniiai 
l>ocjiUHe    the   boundaries    between    the  white    and    gray   matter  i»     ^ 
r»bUteratfHl.     Iu  not  very  severe  cases  the  transverse  section  exHtoi 
a  speckled,  marbled  appearance,  in  which  patches  of  extreme  soSeo- 
iii^'   alternate  with   others  which  are  more  or  less  normal. 
iuflauiinatioD  affects  the  entire  tranvserse  section^  the  latter 
a  homogeneous  bright^red,  reddish-brown,  or  choc 
iug   to  the  degree  of   decomposition  of  the  exta 
matter   of  the   blood.     In   such    cases  we  spe^k  < 
myelitis.     The  softening  may  vary  greatly  in  int< 
In  the  most  extreme  cases  the  nervous  tissue  sin 
the  Rpction  is  made;   iu  the  mildest  cases  we  f 
or  increased  juiciness  of  the  cord.     There  are  w 
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etween  these  extremeB.     In  many  oases  the  pia  mater  takes  part  in 

[le  inflammation. 

In  the  second  stage,  that  of  jellow  softening,  an  increase  in  the 
limensions  of  the  cord  is  no  longer  noticeable,  and  indeed  it  is  often 
somewhat  smaller.  The  red  color  has  faded  gradually  into  yel- 
loMrish-red,  yellow,  or  finally  white.  This  change  depends,  on  the 
one  hand,  upon  the  gradual  absorption  of  the  red  globules  and  their 
coloring  matter,  on  the  other  hand,  upon  the  abundant  development 
of  80-K;alled  granular  corpuscles.  In  this  stage  the  softening  of  the 
cord  has  usually  attained  its  acme,  and  the  mass  of  detritus  is  made 
still  more  fluid  by  the  inflammatory  cedema  which,  according  to  Eib, 
LB  always  present- 
In  the  third  stage  the  absorption  of  the  degenerated  medullary 
masses  becomes  more  and  more  distinct,  and  the  granular  cells,  which 
serve  to  remove  the  detritus,  are  not  present  in  such  large  numbers  as 
before.  Now  the  dimensions  of  the  cord  nec^issarily  diminish.  Fi- 
nally, if  the  longitudinal  dimensions  of  the  inflammation  have  been 
slight,  this  spot  exhibits  a  narrow  fissure;  if  a  larger  number  of 
segments  have  been  affected,  the  paH  in  cjuestion  may  be  seen  pass- 
ing from  the  u])|)er  or  lower  p4rjrtiou8  of  the  cord  as  a  more  or  less 
flat  V>and.  With  the  destmction  of  the  nervous  substance  proper, 
tbe  supporting  substance  becomes  more  and  more  proraineut, 
cx^nsistiug  jis  it  does  of  blood-vessels,  the  neuroglia,  and  connective- 
tissue  fibres.  The  transverse  section  thus  assumes  a  grayer  color » 
especially  because  these  connective -tissue  parts  undergo  notable  pro- 
liferation and  finally  produce  what  is  known  as  a  spinal-cord  cicatrix. 
At  the  site  of  this  cicatrix  the  consistence  is  naturally  increased,  and 
to  a  varying  extent  according  to  the  duration  uf  the  disease.  The 
well-known  secondary  degenerations  pass  up  and  down  from  the  local- 
ity of  the  cicatrix.  It  often  hapijens  that  the  morbid  process  does 
not  terminate  with  the  acute  stage,  and  in  such  cjises  it  spreads  slowly 
at  the  borders  of  the  primarily  affeetetl  part.  This  constitutes  the 
transition  from  an  acute  to  a  chronic  myelitis. 

In  rare  cases  a  cicatrix  does  nf)t  form  at  the  site  ot  inflammation, 
but  a  thin-walled  cyst,' filled  with  clear  serum,  is  produced.  Much 
more  frequently  a  number  of  small  cavities  are  found  in  the  cicati'icial 
tissue.  A  transition  into  an  abscess— plausible  as  this  would  seem  in 
a  purely  inflammatory*  disease  of  the  cord — has  not  been  observed 
hitherto  in  myelitis,  with  the  exception  perhaps  of  a  few  cases  of 
gonorrhoeal  myelitis.  Experimentally,  as  a  matter  of  course,  al>- 
scesses  have  often  been  i>roduced. 

After  hardening  in  chromic  acid  i  ''hibit  retro- 

gressive metamorphosis,  cicatricial  6  lary  de- 
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generation  become  much  more  diatinctl;\  viBible  than  when  a«eii 
the  fresh  condition.  Tlie  acid  stains  the  normal  parts  of  Hie  wh 
Hiibstanca  dark  brown  to  greenish-brown ;  the  dineajBed  parta  i 
light  yellow.  After  this  manipalation  the  extenBion  of  the 
may  often  l^e  ascertained  very  accurately.  But  it  must  be 
bered  that  the  chromic  acid  often  allows  the  degeneration  to  ap 
much  more  x>ronounc6d  than  it  is  shown  to  be  on  micro<ioopic&l  i 
amination.  After  hardening  in  chromic  acid,  if  this  is  still  yjoesili 
places  in  a  condition  of  red  or  wliit^  softening  exhibit  a  diffuse  rello 
color  and»  upon  transverse  section,  a  crumbly  apj^earance  as  a  sign  ii 
the  intensity  of  the  degeneration.  A  smooth  cut  can  no  loiig«>r  \m 
made. 

As  a  matter  of  course  these  macroscopic  findings  will  only  be  ob- 
tained if  the  disease  is  quite  pronounced  both  in  intensity  andeiteiH 
sion.  If  the  inflammation  is  just  beginning  ur  if  it  affects  verj  soudl, 
circumHcrilied  part^  of  the  transverse  section,  the  macroscopic  find- 
ings may  Ije  entirely  negative.  Here  reliance  must  be  placed  on  tk 
microscope,  and  this  in  also  true  of  simple  post-mortem  softening  of 
the  cord  which  waw  often  regarded  formerly  as  iutlammatory  in  chli^ 
acter.  We  have  ali-eady  remarked  that  tlie  mieroseopical  examinatioii 
is  attended  with  great  difficulty  for  technical  reasons  as  well  as  became 
of  our  slight  knowledge  of  the  pathological  histology  of  the  conl 
The  microscopical  examinatitm  may  be  made  uimju  the  fresh  ixmi  or 
after  hardening,  embedding^  and  fitaiuing  of  the  sections.  GnaoJflr 
corpuscles,  amj^loid  iKxlies,  and  certain  forms  of  medullary  degeneri- 
ti(m  are  recognized  Ijest  in  the  fresh  condition.  In  the  hardened 
preparations  we  note  tlie  extent  of  the  process  transversely,  the  pro- 
liferation and  disease  of  the  walls  of  the  blood-vessels,  the  amount 
of  connective  tissue  and  neuroglia,  the  swelling  of  the  axis  cylinders, 
and  the  secondary  degenerations. 

In  the  first  stage,  that  of  red  softening,  we  find  fulness  and  em 
ilistention  of  all  tlie  vessels,  including  the  smallest  ones;  an  6B0^)» 
of  rellular  elements  at  first  into  the  walls  of  the  blood-vesseK  liter 
into  the  surrounding  tissues;  numerous  perivascular  hemorrhages; 
extreme  intiltration  of  the  entire  cord  with  red  blood  globnl€«^  aoJ 
in  iiart  with  white  globulof*.  The  nerve  fibres  present  all  stagos  of 
dt^generatioii.  At  first  there  is  swelling  and  splitting  up  '  " 
lary  sheath,  sjj  that  longitudinal  sections  of  a  nerve  1 
a  rosary.  The  medulla  stains  less  and  less  with  oemi^ 
not  at  all,  aud  in  the  end  it  degenerates  completely  wl 
more  granules  are  making  their  appearance.  In  thif 
cylinders  are  often  very  much  swollen,  so  that  on  tra 
a  large  rounti  i>atcb,  the  axis  cylinder,  is  surroundt 
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tow  medullary  riin,  and  liually  the  latter  may  be  entirely  destroyed- 
In  tranaverae  sectionB  with  Weigert'«  stain,  the  axis  cylinders  often 
look  like  a  i>ale  blot  on  blotting  paper.  The  swelling  of  the  axis 
cylinder  varies  in  its  tlifferent  segnjents,  so  that  it  also  lot)ks  like  a 
To&axy  on  longitudinal  section.  The  neuroglia  and  the  connective  tis- 
Boe  which  enters  the  cord  with  the  blood-vessels  show  only  the  first 
stages  of  swelling,  and  the  interstices  between  the  individual  nerve 
fibres  are  somewhat  enlarged.  The  ganglion  cells  show  cloudy  swel- 
ling and  granulation,  their  contoum  become  coarser,  the  protoplasmic 
tlnd  axis-cylinder  jirocesses  break  oflf.  The  nucleus  and  nucleolus 
reirtaiii  intact  longest.  Often  the  cells  are  with  difficulty  recognized 
as  such.  If  a  raicroscojiic  section  can  be  made  in  this  stage,  it  is 
eeen  that  the  degeneration  is  usually  most  marked  at  the  centre, 
where  all  the  parts  are  often  soft  and  have  fallen  out  of  the  section. 
The  more  we  ap}>roach  the  periphery  the  more  normal  is  the  condi- 
tion of  the  pai-ta.  Sometimes  a  narrow  rim  beneath  the  pia  is  found 
to  l)e  entirely  normal. 

The  second  stiige,  that  of  yellow  softening,  shows  the  medullary 
degeneration  at  its  height.  If  the  Boftening  has  lU'ogressed  t*>  lique- 
faction, only  an  imperfect  picture  of  the  transverse  section  can  be 
se^^'ured,  even  after  hardening  and  eml>ediling  the  i>repnration.  Where 
pieces  of  the  cord  are  retained  in  place  by  the  celloidin,  the  picture  is 
a  varied  one.  At  one  s] tot  we  see  tmns verse  sections  of  numerous, 
closely  aggregated  blood-vessels  with  thickened  walln,  and  an  alnin- 
dant  infiltration  of  small  cells  in  the  immechate  vicinity.  In  other 
places  are  found  ]>ie<*es  of  the  more  or  Ichs  markedly  affecte*!  nervons 
tissue,  bits  of  the  medullary  ^lieatli,  graauhir  crumbs  of  jjigment, 
swollen  axis  cylinders,  intermingled  with  fatty  detritus,  red  bltKKl 
globules,  and  the  protlucts  of  their  degeneration.  Here  and  there  is 
seen  a  normal  nerve  fibre.  Finally,  we  find  islets  which  consiKt  en- 
tirely of  proliferated  neuroglia  or  connective  tissue;  in  Weigeii's 
preparations  they  assume  a  uniform  yellow  color.  In  the  diseased 
tissue  the  ganglion  cells  appear  as  small  homt^geneous  chimfis  in 
which  the  nuclei  are  often  recognized  with  difficulty.  As  a  matter  of 
course  tlie  apiiearances  vary  with  the  greater  or  less  intensitj"  of  the 
softening.  In  the  slighter  graden  the  markings  of  the  transverse  sec- 
tion of  the  cord  are  easily  distinguishable  and  it  is  only  in  the  centre 
that  the  greatest  destructioi!  is  found.  Sometimes  the  section  is  kejit 
intact  only  by  the  framework  of  the  blood-vessels  and  the  nenroglia. 
In  this  stage  examination  in  the  fresh  condition  shows  a  very  large 
number  of  granular  corjuiseles,  also  irregularly  sliaped  drops  of  mye- 
lin, fat,  blood  pigment,  and  red  and  white  blood  globnles. 

The  third  stage,  that  of  cicatrisation,  shows  merely  the  remains 
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oi  the  nednllazy  degeneration,  a  great  part  of  which  has  been  i 
aofbed.    The  foregroimd  is  here  occupied  by  the  proliferatioii  of  t 
iKtirpgliA  and  the  cotmeetive  tiBsue  proper,  which  givea  rise  to  I 
eicairicial  £ormalion  and  Enally  occupies  the  entire  transverse  i 
iioii  of  the  cord.     Corresponding  to  its  origin  the  cicatrix  all 
shows  wi*«w>i»  of  thick-walled  vessels  and  also  remains  of  the 
larv  tissue,  very  often  pigment  clumps,  more  rarely  a  few  wdl-p 
served  nerve  fibree,  and  perhaps  a  few  ganglion  cells  which  cui  I 
Tecognized  with  difficulty.     The  cicatricial  tissue  alno  contains  i 
so-K^alled  sinder  cells.     The  above-mentioned  large  cysts  corrop 
exactly  to  thoee  which  develop  in  cerebral  hemorrhages  or 
softenings.     The  smaller  ones  have  a  different  origin.     Thev  aie  i 
to  circnmscribed  necrosis  of  individual  Derve  bundles  which  i 
times  attain  large  dimensions  aloug  the  longitudinal  axis.    B  I 
necrotic  parts  are  absorbed^  long  cylindrical  cavities  develop, 
certain  periods  of  its  development  the  necrotic  part  lies  loose  in  I 
surrounding  cord,  Uke  an  osseous  sequestrum.     The  amyloid  I 
are  found  most  frequently  in  this  stage. 

A  few  words  will  suffice  for  so-called  vhro7ii€  myelitis.  Ad  i  fii- 
mary  disease^apart  from  the  cases  in  which  we  reaUy  havetodett 
with  a  multiple  sclerosis — it  is  very  rare.  Diffuse  caaes  have  bsfii 
described  in  which  there  was  thinning  of  the  entire  cord,  with  a  ffiy 
considerable  increase  of  consistence.  Under  the  microscope  tben 
cases  also  showed  cieatricial-tissue  proliferation  of  the  blood-r«aidsv 
anrl  the  productiou  of  spider  cells.  In  the  majority  of  cases  chraoie 
m\  elitis  follows  an  acute  attack.  Bed  and  yellow  softening  an  Aii 
found  in  those  [>arts  in  which  the  disease  of  the  cord  is  adfiaciB^ 
and  cicatricial  formation  in  the  parts  affected  at  an  earlier  period. 

There  are  rare  cases  of  clinically  assured  acute  trajisveise  mj€^ 
litis  which  undergo  complete  recovery  after  the  most  severe  symptoi 
have  lasted  for  some  time.  In  these  cases  the  inflammatory  origin  ii 
absolutely  certain,  because  they  almost  always  develop  after  an  a«le 
infectious  disease.  It  must  be  assumed  that  the  virus  here  gives  w 
merely  to  an  inliibition  of  fimetion,  not  to  destruction  of  the  pAxtsdt 
the  cord,  inasmuch  as  after  actual  destruction  the  human  spinal  cod 
is  uot  capable  of  restoration. 

After  tliis  detailed  description  of  the  patholoj  *     * 
transverse  myelitis,  we  must  again  emphatically  asi 
lesions  mentioned  by  writers  as  characteristic  of 
no  H[iecific  value,  that  the  entire  pathological  aoj 
is  bji.sed  upon  a  verv'  weak  foundation,  and  that 
tioii  {wliieli  follows  Erb  and  Pick)  possesses 
ii(»  scientific  value.     To  j^rove  these 
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duoe  the  i)athological  findings  in  undoubted  vascular  affections  and 
in  acute  compressions  by  trauma  or  tumor.  It  is  very  characteristic 
that  the  stages  of  red,  yellow,  and  white  softening  which  are  said  to 
correspond,  in  the  cord,  to  various  periods  of  an  inflammation,  have 
been  long  known  in  the  brain  as  the  results  of  embolism  or  vascular 
softening,  and  that  the  two  conditions  cannot  be  distinguished  macro- 
scopically  from  one  another.  It  is  also  well  known  that  the  large 
serous  cysts,  mentioned  above,  are  also  found  frequently  in  the  brain 
after  hemorrhages.  Moreover,  the  microscopical  appearances  of 
those  cases  of  so-called  acute  myelitis  in  which  a  vascular  origin  is 
undoubted  agree  entirely  with  those  which  have  been  ascribed  to 
true  myelitis.  For  this  reason  Tietzen  goes  so  far  as  to  assume  a 
thrombotic  origin  in  all  cases  of  so-called  acute  myelitis.  This  also 
holds  good  of  the  cases  of  most  acute  softening  after  trauma  or, 
as  sometimes  happens,  in  tumors.  In  such  cases  we  find  the  abun- 
dant proliferation  and  disease  of  the  walls  of  the  vessels,  the  peri- 
vascular infiltrations  and  hemorrhages,  the  granular  cells,  and  the 
proliferation  of  the  neuroglia,  which  have  been  so  often  regarded  as 
positive  signs  of  a  true  inflammation.  The  identity  of  all  these  ana- 
tomical findings  becomes  still  clearer  when  we  pass  from  the  stage  of 
inflammation  to  that  of  cicatricial  formation.  It  is  impossible  to 
distinguish  a  cicatrix  of  the  spinal  cord  which  is  due  to  injury  from 
one  which  has  followed  an  inflammation.  In  brief,  the  anatomical 
picture  regarded  as  characteristic  of  myelitis  does  not  permit  at  any 
stage  (apart  from  the  very  rare  cases  in  which  pus  cocci  are  found) 
the  diagnosis  of  a  myelitis  as  opposed  to  a  thrombotic  or  traumatic 
softening  of  the  cord.  The  points  which  will  decide  us  in  favor  of 
myelitis  are  especially  the  etiological  «factors  and  also  certain  pecu- 
liarities in  the  course  of  the  disease.  A  decisive  factor  against  myeli- 
tis will  be  the  discovery  (often  unrecognized  during  life)  of  compres- 
sion by  a  tumor  or  caries. 

We  are  indebted  to  Eustner  and  Brosin  for  a  careful  anatomical 
examination  of  a  fresh  case  of  so-called  dwserninated  eiicephjoUyniye- 
UHs.  Gonorrhoea  was  the  etiological  factor.  A  large  number  of 
extremely  small  foci  of  degeneration  were  found,  always  very  close  to 
the  blood-vessels.  At  first  there  was  emigration  of  white  blood  glob- 
ules and  infiltration  of  the  tissue,  then  circumscribed  destruction  of 
the  nerve  tissues,  whose  products  of  degeneration  were  mingled  with 
the  round  cells.  Then  followed  absorption  so  that  at  first  only  the 
neuroglia  network  was  left  over  in  the  affected  parts.  At  a  later  pe- 
riod circumscribed  cicatricial  development  set  in.  Corresponding  to 
the  anatomical  processes  recovery  occurs  relatively  often  in  these 
cases.  We  have  already  stated  that  the  close  relations  of  the  spinal 
Vol.  XI.— 47 
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affection  to  chaugeB  in  the  vessels  and  its  etiology  demoDatnie  i 
true  inflammatory  character  of  the  disease  in  these  cases. 

Negative  findings  were  formerly  regarded  as  characteristic  of  i 
central  form  of  liandry's  paralyBis,  but  the  case  above  quoted  < 
Marinesco  shows  what  may  be  expected  here  from  the  emploTi 
of  the  most  recent  technique. 

Symptoms,  Course,  Aim  Tebminattow. 
Acute  Ti^iisverse  Mtfelitis. 

It  is  impossible  to  give  an  accurate  BVHtematic  history  of  aeili 
tr^isverse  myelitis  which  will  hold  gofKl  for  the  majority  ol  cant. 
This  is  owing  to  the  fact  that  the  morbid  |  process  in  not  confined  to 
definite  systems  but  may  exhibit  the  most  varied  l<K*alizatioE.  Tim 
the  disease  ma}'  practically  destroy  the  transvei'se  section  at  a  certutt 
level,  while  in  other  cases  it  attacks  only  a  part  at  varying 
The  longitudinal  extension  may  sometimes  be  confined  to  one  art 
segments,  iu  other  cases  it  will  invoh^e  almost  the  entire  ixmi  Hm 
extent  horizontally  varying  greatly  at  diiferent  levels. 
the  disease  may  not  be  confined  to  one  focus.  Indeed,  recent  < 
enc4?.  teaches  that  usually,  in  addition  to  one  large  focus,  tbereajei 
number  of  smaller  ones,  even  apart  from  disseminated  encefibik^ 
myelitis  proper.  The  smaller  foci  are  situated  not  in^^ueoHj  it 
tlie  brain,  particularly,  according  to  Hoffniaiui^  in  the  optic  wsn. 
Ah  the  special  symptomatology  of  spinal  affections  depends  miinlj 
on  tbe  Incation  and  on  the  transverse  and  longitudinal  diioensioi^  4 
thfi  focus  of  disease,  we  can  readily  understand  the  variability  of  the 
clinical  history  of  myelitis  in  individual  ciiaes.  It  would  bewitifBlj 
out  of  the  riuestiou  to  give  a  detailed  description  of  every  ponAk 
case.  In  this  regard  an  analysis  of  the  indindual  case  must  he  madi 
by  applying  our  anatomical  and  physiological  knowledge  of  the  ka^ 
tions  of  the  different  segments  of  tlie  cord.  In  the  following  remsib 
we  will  first  make  a  general  survey  of  the  symptoms  occimiiig  ii 
e\ cry  case  of  acute  myelitis,  and  then  will  make  a  few  de£mte  ifcrt^ 
mcntft  concerning  the  symptoms  at  various  levels.  Finally  we  «ill 
gi^'o  the  Hymjitomatology  of  disseminated  encephalomi^eUtis  and  Lu^ 
dry'fl  i>aralysis. 

The  disturbances  which  occur  in  acute  infiamtnatiou 
vt  *jh1  may  lie  divided  into  sensory,  motor,  and  trophic, 
two  grouijs  may  be  subdi\ided  according  as  the  sympton 
of  irritntiou  or  of  paralysis.     The  intensity  period  of 
auil  Hii^  ^^rnupiug  of  all  these  symptoms  depend  not  ale 
extent  of  the  disease  iu  the  tr»i»^*i^er8e  and  longitiulin 
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bat  also  very  materially  upon  the  rapidity  of  the  onset  of  the  disease. 
For  example,  in  the  cases  of  the  most  acute  myelitis,  also  known  as 
hemorrhagic  myelitis  (its  inflammatory  character  is  very  doubtful), 
pain  may  be  entirely  wanting,  while  in  the  more  subacute  or  chronic 
cases  it  is  almost  always  present,  although  in  a  mild  form  and  par- 
ticularly as  an  initial  symptom.  In  these  cases  the  pains  are  usually 
confined  to  certain  parts  of  the  skin,  but  sometimes  they  are  located 
in  the  back  or  exhibit  an  exquisite  girdle  character;  they  are  tearing, 
lancinating,  or  dull  and  boring  in  character,  often  burning.  In  the 
latter  event  there  is  usually  considerable  hypersesthesia  of  the  cor- 
responding part  of  the  skin.  If  the  disease  progresses  and  distinct 
motor  and  sensory  paralytic  symptoms  set  in,  the  pains  generally 
disappear.  Intense  and  long  protracted  pains  always  arouse  the  sus- 
picion of  implication  of  the  meninges  and  of  the  extrameduUary  pos- 
terior roots.  We  also  know,  however,  that  a  disease  of  the  second 
and  third  sensory  neurons  in  the  cord  and  brain  may  give  rise  to  ex- 
oentric  pains,  and  that  these  may  even  appear  in  entirely  anaesthetic 
districts. 

ParsBsthesiae  are  more  frequent  than  distinct  pain  in  myelitis,  and 
may  appear  at  any  time  or  be  present  during  the  entire  course  of  the 
disease.  They  include  the  sensations  of  numbness,  formication,  and 
tingling  in  the  limbs,  sometimes  the  sensation  as  if  a  warm  current 
of  water  were  flowing  from  the  proximal  extremity  of  the  limbs  down 
bto  the  fingers  and  toes.  Complaints  are  often  made  that  a  certain 
part  of  the  limb  is  swollen,  for  example,  the  foot.  This  sensation  is 
sometimes  so  distinct  that  the  patient  can  be  convinced  with  difficulty 
of  its  subjectivity. 

In  point  of  time  anaesthesia  always  follows  the  irritative  symp- 
toms, if  the  latter  are  present.  It  is  often  very  indistinct  in  myelitis 
and  may  even  be  absent  during  the  entire  course  of  the  disease.  In 
other  cases  it  extends  rapidly  over  the  entire  region  which  is  inner- 
vated from  the  level  of  the  morbid  process.  As  a  matter  of  course, 
this  will  happen  only  if  the  entire  transverae  section  is  affected.  It 
is  ver>'  important,  however,  to  know  that  particularly  at  the  upper 
extremity  of  the  morbid  process  the  transverse  section  is  usually 
affected  only  partially,  and  that  the  limits  of  cutaneous  anaesthesia 
will  then  lie  considerably  below  the  domain  of  the  uppermost  dis- 
eased segment  of  the  cord.  Hence  we  are  hardly  justified  in  drawing 
an  inference,  from  the  extent  of  the  anaesthesia,  concerning  the  upper 
limits  of  the  disease  in  the  cord.  If  the  anaesthesia  spreads  slowly 
in  the  sx>ecial  case,  it  usually  extends  from  the  end  of  the  limb  to- 
wards the  trunk. 

The  anaesthesia  of  myelitis  is  usually  bilateral  but  does  not  always 


740  BBUNS  AND  WIKBaCHEID — DISEASES  OF  THE  SFDiAL  COID. 

L^xtend  to  the  same  height  on  both  sides.  It  is  only  in  Ten-  rare  ( 
thai  the  ni^eHtic  process  is  confined  to  oue-hali  of  the  conL 
these  cases,  as  in  Brown-Seciuard's  paial3  sis,  the  pains  and 
thesite  may  be  found,  as  root  S3  mptouis,  on  the  same  side  as  the  < 
ease,  and  the  anaesthesia  ui>un  the  o|ii>osite  side.  Not  so  very  i 
the  aDBBsthesia  does  not  affect  miiformlv  all  (|aalities  of  sen 
As  in  sjTingomyelia  and  certain  i>eripheral  diseases,  it  mar  be  1 
fined  to  the  sense  of  pain  and  t€»mi>erature,  wlule  tactile  sen 
remains  unaflfected.  In  such  ceases,  for  example,  there  may  he  1 
ansesthesia  of  the  leg  and  of  the  r>osterior  sorfaoe  of  the  thigli,  1 
]>artial  ameHthesia  of  the  anterior  and  inner  surfatTes  of  the 
In  mild  cases,  the  point  of  contact  may  merely  be  localized  f&lseljrf 
the  sensation  of  pain  may  be  delayed.  Beyond  the  limits  of  Mdi 
partial  antesthesia  there  is  sometimes  found  a  narrow  zone  of  dh 
hypersesthesia,  which  is  arranged  like  a  girdle  on  the  tronk.  Thill 
very  important  in  local  diagnosis,  because  it  indicates  the  level  olj 
disease  in  the  cord.  But  it  is  much  le^s  distinct  ia  myeUtis  thim  i 
diseases  which,  like  meningeal  tnmors,  for  example,  lead  priiuiiily 
to  a  lesion  of  the  roots  of  the  nerves* 

Among  the  motor  i^ymptoms  tlie  irritative  phenomena  likew 
precede  the  i>aralytie  symptoms.  Here  we  have  to  deal  fiwt  with 
ver3'  painful  but  rapidly  subsiding  cramps,  which  are  found  huijiIt 
in  the  muscles  of  the  lower  limbs  (particularly  the  calves)  and  raoh 
ble  closely  the  cramps  prodneed  by  exhaustion  or  oliserved  io  il»* 
holic  cases.  It  is  also  possible  that  these  craroiis  are  produc^l  by  i 
primary  irribttion  of  sensory  tracts,  i)articularly  of  the  poeteiitMr 
roots.  TI16  crami)s  may  develop  into  protracted  tonic  spianm  of 
the  entire  limb,  but  this  always  indicates  an  associated  l^ioo  d 
the  anterior  roots.  Involuntary  twitching  movements  are  veiy  fre- 
quent in  the  completely  i>aralyzed  aud  i>erhai>s  completely  aiuBetiieiie 
lower  limbs.  These  twiti^hings  consist  very  often  of  a  flexion  of  fht» 
thigli,  which  occurs  rapidly  in  one  case,  and  in  another  miy  fe 
peculiarly  slow.  If  the  paralysis  aud  anaesthesia  of  the  le|^  jit«  iKti^ 
complete,  tlie  twHtchings  may  be  attended  with  pain ;  even  when  l»otk 
are  complete*,  the  movemeut  may  l)e  bnmght  tr>  the  conscioosneaii' 
the  i>ati<>nt  l>y  the  concussion  conveyed  to  the  entire  body,  Tel 
rigidity  of  the  entire  body,  described  b}^  Pick,  can  o< 
diJliisB  myelitis  and,  in  my  opinion,  should  arouBe  1 
notable  imi>lication  of  the  meninges. 

The  motor  initative  symptoms  are  followed  by  . 
]>legia  m  ty]>ical  of  myelitis,  particularly  of  the  1 
of  all  four  extremities.     As  a  matter  of  course  the 
sis  depends  upon  the  height  of  the  morbic 
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extends  approximately  through  the  cord  in  a  transverse  direction,  all 
the  muscles  will  be  paralyzed  which  are  innervated  by  the  diseased 
portion  of  the  cord  and  the  parts  below  it.  The  following  remarks 
are  merely  general  in  their  application,  and  a  si>ecial  study  of  the 
grouping  of  the  paralyses  at  various  levels  of  the  disease  will  be  made 
later.  The  paralysis  develops  rapidly  in  foudroyant  cases  and  may 
become  complete  in  a  very  short  time;  not  infrequently  it  api^ears 
during  the  night,  without  having  been  noticed  by  the  sleeping  patient. 
More  frequently  an  apparently  slowly  developing  paresis  is  suddenly 
converted  into  complete  paraplegia.  At  first  it  may  be  perfectly 
flaccid  and  the  well-known  contracture  appears  only  after  a  certain 
lapse  of  time,  at  least  in  dorsal  and  cervical  myelitis  and  apart  from 
certain  special  conditions  which  will  be  considered  later.  The  con- 
tracture finally  leads  to  rigid  spastic  tension,  usually  in  extension, 
more  rarely  in  flexion  of  the  legs.  The  flexion  contracture  is  usually 
attended  with  rigid  adduction  contracture  of  the  thigh.  Both  interfere 
materially  with  our  efforts  to  keep  the  patient  clean,  and  hence  this 
contracture  is  very  unfavorable  from  a  prognostic  standpoint.  In  sub- 
acute cases  the  pa;!ralysis  sets  in  more  gradually,  and  the  contracture 
may  keep  pace  with  the  former.  It  may  also  happen  that  one  leg  is 
paralyzed  after  the  other,  and,  like  the  ansesthesia,  the  paralysis  may 
extend  gradually  from  the  toes  to  the  ankle,  so  that  the  foot  is  jrnra- 
lyzed  while  the  thigh  can  still  be  moved.  In  the  rare  unilateral  mye- 
litis the  paralysis  of  the  muscles  is  found,  as  a  matter  of  course, 
upon  the  side  of  the  lesion  opposite  to  the  anaesthesia. 

The  relation  of  the  sensory  disorders  to  the  paralysis  is  very  vari- 
able, especially  from  a  topographical  standpoint.  Motion  is  almopt 
always  affected  much  more  than  sensation.  Anaesthesia  may  be  en- 
tirely absent  even  in  severe  paralysis,  or,  if  it  was  present  at  the 
outset,  it  may  disapi)ear  rapidly  while  the  paralysis  persists.  If  the 
morbid  process  slowly  advances,  the  anaesthesia  often  lags  behind 
the  paralysis.  For  example,  the  legs  may  be  completely  paralyzed 
while  sensation  is  still  intact  upon  the  anterior  surface  of  the  thighs. 
Even  at  the  height  of  the  disease  the  motor  and  sensory  disturbances 
may  not  correspond  in  distribution.  All  these  phenomena  dei)end, 
of  course,  ux>on  the  irregular  extension  of  the  disease  over  the  trans- 
verse section  of  the  cord. 

Irritative  and  paralytic  symptoms,  whether  motor  or  sensory,  are 
not  separated  so  sharply  from  one  another  as  is  here  represented.  If 
the  disease  develops  by  fits  and  starts,  the  paralytic  symptoms  will 
be  constantly  accompanied  by  new  irritative  symptoms.  The  mus- 
cles which  depend  directly  upon  the  inflamed  parts  of  the  cord  un- 
dergo degenerative  atrophy  if  the  inflammation  has  lasted  for  some 
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time  or  if  cicatricial  formation  sets  in.     This  occurs  diatiiietlj  inlj 
muscles  of  the  xipjier  and  lower  limbs  when  the  infl&mmaliaB  1 
affected  the  cervical  or  lumbar  enlarge  mentB.      In  iuflamn 
the  dorsal  cord  we  may  [>erliap8  detect  atrophy  of  the  Man 
muscles,  while  the  atrophy  of  individual  intercostal  muscUi 
remain  coucealed.     Electrically  the  atrophic  muscles  exhiUI  ] 
or  coraj>]ete  degeneratiou  reactioii.     Those   muscles  whose 
oentreB  are  sitmited  below  the  spinal  lesion  but  which  are  also] 
lyzed,  at  fi_i*st  maintain  their  normal  nutrition,  but  if  the 
I'emains  jjermanent  they  also  emaciate  considerably.     Their  i 
cbI  excitability  diminishes   tiuantitatively  and  may  even  he 
guisheil-     Wliether  this  emaciation  is  a  result  of  the  usujilly 
ant  marasmus  or  of  separation  from  the  trophic  centres  of  ihel 
is  doubtful.     Perhaps  the  disuee  of  the  liml>e  is  also  a  factor. 

In  acutely  developing  paraplegias  the  tendon  reflexes — werefcra 
to  the  patellar  and  Achilles  reflexes— may   be  eompletely 
This  is  analogous  to  what  occurs  in  all  sudden  paralyses,  ereik  \ 
cerebral  in  character.    We  si^eak  of  this  as  due  to  shock,  althooi^  t 
are  not  yet  able  to  give  a  real  explanation  of  tlie  [phenomenon. 
loss  of  the  reflexes  unually  lasts  a  very  short  time,  apart  from  In 
myelitis  in  which  they  may  be  permanently  lost :    in  such 
phy  of  the  corre^ ponding  muscles  always  seta  in.      When  ihei 
is  located  in  other  parts  the  tendon  reflexes  aoaii  return  and 
gradually  ptrri  [tuMtt  with,  the  contracture,   until  they  attain 
higlH*st  grades  to  which  Brown-Seciuard  applied  the  very  nn^niii^l 
term  ''spinjd  epilepsy/*     Here  the  most  gentle  contdc*t  and  stiDi 
the  slightest  movement  of  the  lower  limbs  suffices  U^  throw  them  u^i 
a  true  shaking  spasm,  which  is  communicated  t*!  the  trunk  aiidifli] 
violent  as  to  interfere  with  the  examination  of  the  individoalredoiL] 
luasmiicli  as  total  and  permanent  destruction  of  an  entire  tfansfeM  I 
sectiou  liardly  ever  occnrg  in  myelitis,  it  is  rare  to  find  penitiiiai| 
absence   of  the   tendon   reflexes   in   the  legs  combinetl  with  flaU>T 
paralysis  in  disease  of  the  cervical  or  dorsal  cord.      The  posgibilitt 
of  such  an  occurrence  has  been  rendered  certain,  however,  in  t^ 
trau.4 verso  lesions  at  a  high  level. 

The  cutaneous  reflexes— many  of  which,  for  example,  the  MiBt^ 

iual  reflex,  are  very  inconstant  and  exhibit  indivic? — '    ^'^ 

are  not  interfered  with  in  incomplete  transverse 
reflex  arc  is  not  involved  directly  in  the  destroy©* 
Experience  in  other  complete  transverse  lesion*^ 
the  plantar  reflex  possesses  unusual  v 
tained  when  all  the  other  ten 
lesion  have  long  been  abolish* 
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Disorders  of  the  functions  of  the  bladder  are  extremely  frequent 
in  myelitis,  and  they  are  especially  important  from  a  prognostic 
standpoint.     Not  infrequently  they  form  the  initial  symptom  of  mye- 
litis, especially  when  the  latter  begins  in  a  subacute  or  chronic  man- 
ner.   In  these  cases  poUakiuria  may  alone  be  present  for  some  time, 
associated  not  infrequently  with  an  imperative  desire  to  urinate. 
The  i)atients  are  forced  to  yield  forthwith  to  this  desire  and  often  are 
hardly  able  to  reach  the  urinal  in  time.     With  or  without  this  pro- 
drome complete  retention  may  then  develop  suddenly  and  necessitate 
at  once  the  use  of  the  catheter.     This  occurs  at  a  time  when  all  other 
symptoms  of  myelitis  are  still  absent.     The  writer  has  seen  this  condi- 
tion several  times  in  cases  which  ran  a  most  acute  course  in  the  shape 
of  ascending  Landry's  paralysis,  and  once  in  a  subacute  case,  proba- 
bly of  dorsal  syphilitic  meningomyelitis.     The  further  course  varies 
greatly.    It  depends  mainly  on  the  site  of  the  disease  in  regard  to 
ihe  longitudinal  section  of  the  cord,  and  also  on  the  more  or  less 
complete  extension  over  the  transverse  section.     As  a  general  thing 
ihe  vesical  symptoms  are  most  severe  when  the  sacral  cord  and  with 
it  the  reflex  centres  of  the  vesical  functions  are  affected.    In  favor- 
able cases,  especially  when  the  dorsal  cord  is  only  partly  affected, 
the  possibility  of  voluntary  micturition  soon  returns,  but  the  patient 
most  strain  for  a  long  time  and  often  retains  a  part  of  the  urine  in 
the  bladder  (residual  urine).     The  imperative  desire  to  urinate  may 
etill  persist  at  this  time.     If  notable  improvement  does  not  occur  and 
there  is  considerable  weakness  of  the  detrusor,  while  the  vesical  reflex 
apparatus,  especially  in  its  sensory  part,  remains  intact,  the  urine 
may  be  voided  in  gushes  as  soon  as  a  certain  amount  accumulates  in 
the  bladder.     This  is  done  unintentionally,  but  with  the  conscious- 
nees  of  the  patient.     If  this  reflex  evacuation  does  not  take  place, 
perhaps  on  account  of  anaesthesia  of  the  bladder,  but  the  sphincter 
still  contracts  vigorously,  the  organ  will  be  distended  to  the  extreme 
limit.     Then  the  obstacle  is  overcome  and  the  urine  escai^es  drop  by 
drop  from  the  full  bladder  (ischuria  paradoxa).     In  the  most  aggra- 
vated cases  the  sphincter  is  also  paralyzed,  but  the  elasticity  of  this 
muscle  keeps  the  bladder  closed  up  to  a  certain  stage,  so  that  a  cer- 
tain amount  of  urine  can  still  be  retained  when  the  patient  is  quiet  in 
bed;   this  quantity  is  small,  however,  and  as  soon  as  it  is  exceeded 
the  elasticity  of  the  sphincter  is  overcome  and  the  urine  escapes.     But 
the  urine  never  escapes  directly  as  soon  as  it  enters  the  bladder  from 
ihe  ureters,  and  consequently  the  bladder  is  never  entirely  empty.     In 
these  cases  evacuation  of  the  bladder  results  from  a  change  of  posi- 
tion in  bed,  from  sitting  up,  or  from  increased  intestinal  movements. 
As  a  general  thing  the  elastic  p>ower  of  the  sphincter  is  greater  in 
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men  than  in  womenp     It  is  thus  evident  tbat  tlie  vesical 
may  vary  greatly  in  tlie  individiml  cases  of  myelitis.     If  the  i 
progresses,  we  iisitallj^  find  retention  of  urine  at  the  start,  u^  ] 
incontinenoe. 

The  intestinal  evacuations  are  abnost  always  retarded  and  i 
there  is  obstinate  constipation.     Every  i."oui>le  of  days  a  portion  ( 
the  fseeal  column  is  discharged   spontaneously  or  it  must  bt 
moved    by    enema    or    manual    interference-     When    the  stool 
dry,   aa    generally    happens,   the    elasticity   of    the    sphindir 
tains   it,  even   if   the   muscle  is    paralyzed.     If  diarrhoea  Mli  ia 
the  patient  is  continnally  soiled*     The  paralysis  of  the  sph 
is  shown  by  the  fact  that  it  does  not  contract  upon  the  in 
finger. 

Great  importance  attaches  to  the  trophic  disturbances  of  cavefiti 
especially  to  decubitus.  The  opinions  concerning  its  real  causes  1 
not  yet  been  harmonized.  Until  recently  the  prevalent  opimon  1 
that  it  was  due  mainly  or  exclusively  to  mecliamcal  factomandl 
the  nervous  system  played  an  entirely  i>assive  part.  It  was  said  i 
develop  particularly  when  the  nursing  and  cleanlinees  of  the  piti 
were  insufficient,  especially  when,  on  account  of  complete  j 
the  patient  did  not  notice  the  irregularities  in  the  bed  or  soiliiag  i 
urine,  and  when  he  was  unable  to  change  his  jx)eition  on  i 
of  the  paralysis.  For  these  reasons  bedsores  were  said  to  < 
most  readily  in  complete  transverse  myelitis  and  in  dorsal 
with  its  severe  bladder  disturbances.  As  a  result  otf  stmlieB  is 
neuroxiaralytic  keratitis,  the  \iew  of  a  direct  trophic  or  periups 
dystrophic  influence  of  the  diseased  nen^ous  system  is  again  gaiimig 
ground ;  if  the  trigeminus  is  divided  eomplately  keratitis  is  abfient* 
but  it  ia  especially  apt  to  occur  when  the  nen  e  undergoeQ  inflammatory 
irritation.  This  theory  is  favored  by  the  sometimes  foodrojnai 
occurrence  and  rapid  si>read  of  bedsores  in  certain  severe  cmsL 
But  it  is  practicall}^  important  not  to  abandon  the  older  Wewentirelj* 
At  all  events  there  is  no  doubt  that  decubitus  is  almost  always  aimisSt 
when  sensory  disturbances  are  wanting,  that  it  oceurs  particiiIariT  ii 
totjLl  amcsthesia  and  pronoimced  paralysis  of  the  sphincter,  and  Ibl 
even  in  these  cases  it  may  be  almost  entirely  prevented  by  earefol 
treatment  or  even  cured  after  it  has  onc^  develop* 
ia  most  frequent  over  the  sacrum,  then  follow  the  b 
trochanteric  region  in  the  thighs,  t!ie  popliteal  spac 
der  blades.  It  is  sometimes  preceded  by  the  dev^ 
vesicles  filled  with  serum  which  look  exactly 
may  develop  over  night  in  places  which  have  st 
sure,  for  example^  when  the  paralyzed  ai 
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le  upon  the  other.     Herpes  zoster  and  pemphigtis  may  also  occur  in 
ayelitis. 

After  a  tiine  the  permanently  paralyzed  lower  limba  usually  be- 
)me  markedly  cedematons.  At  the  same  time  the  skin  may  be  dry 
id  covered  with  scales,  so  that  it  might  almost  Im  called  ichthyosis, 
jth  factors  increase  very  much  the  resistance  to  the  faradic  current, 
id  this  fact  has  led,  in  a  number  of  cases ,  to  the  wrong  opinion 
lat  the  electrical  excitability  was  lost. 

In  the  parax>legic  limbs  we  have  sometimes  observed  an  unusually 
ipid  spread  of  phlegmonous  inflammations ;  in  one  case  we  found  so- 
led acute  purulent  oedema.     At  first  the  temperature  of  the  skin  in 
paralyzed  Limbs  is  usnally  somewhat  elevated,  later  it  is  dimiu- 
slied.     If  the  transverse  lesion  is  complete,  the  secretion  of  sweat  i^t 
abolished  in  the  territory  below  that  which  corresponds  to  the  lesion ; 
that  above  the  lesion  it  is  very  pronounced,  and  this  relatit)n  may 
so  distinct  that  it  may  even  be  utilized  for  local  diagnosis.     In 
of  incomplete  transverse  lesion  the  secretion  of  sweat  is  some- 
y  abnormally  increased  io  the  paralyzed  limbs. 
In  myelitis  of  the  cendcal  cord  i>riapism  may  set  in,  probably  iis 
^a  vasomoUir  symptom,  but  constant  complete  erection  is  rare;  usually 
Ithe   penis   is   semi-erect,    but  the  erection   may    become  complete 
rhen  an  attempt  at  catheterization  is  made,  and  the  latter  procedure 
lis  then  attended  with  difficulty.     Impotence  is  always  preHeut  in  the 
[first  stage  of  myelitis,  and  it  is  permanent  when  tlie  inflammation 
1  is  located  in  the  lumbosacral  cord ;   it  may  return  at  a  later  period 
j  in  cases  of  dorsal  myelitis.     Pronounced  arthropathies  are  very  rare 
I  in  myelitis,  probably  because  the  patient  is  compelled  to  lie  in  bed 
[on  account  of  the  complete  paralysis  of  the  legs,  and  is  therefore 
not  exposed  to  injury.     Dropsical  effusions  are  observed,  for  example, 
in  the  knee-joint.     In  other  cat^es  there  is  extreme  dryness  of  the 
joints  with  changes  in  the  articular  cartilages.     With  every  passive 
movement  the  joint  creaks  or  it  may  even  become  stiff.     If  permanent 
contracture  sets  in,  the  ligaments  and  tendons  of  the  coiTesponding 
Joiiits  become  shortened  and  adherent.     Passive  motion  is  then  no 
longer  possible.     The  foot  is  most  often  fixed,  in  this  way,  in  the 
position  of  pes  equinus. 

Th©  affections  of  the  bladder,  renal  pelves,  and  kidneys  are  also 
icluded  among  the  tro]>hic  disorders  of  myelitis.     The  remarks  made 
^ncerning  decubitus  hold  good  here.     Altlumgh  cystitis  hardly  ever 
irs  without  preWous  catlieterization  {perhaps  with  the  exception  of 
of  ischuria  paradoxa),  still  it  cx^curs  so  regularly,  especially 
mr  myelitis  (when  the  catheter  is  usad  for  some  time  it  is 
issible  to  prevent  it,  even  with  the  greatest  posaible  cleanli- 
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ness),  that  we  are  compelltni  to  take  into  consideration  a  possible 
ure  of  trophic  influences  on  the  part  of  the  cord. 

II  the  myelitis  is  Bitimted  in  the  cervical  cord,  paralysis  o( 
phrenic  nerve  may  cause  death  quickly  from  af^iihyxia. 

Myosis  and  narrowing  of  the  palpebral  fissure  are  observed  wl 
the  lasion  involves  the  first  dorsal  and  adjacent  segments.    The 
currence  of  optic  neuritis  has  been  noted  freciueotly  in  myelitis 
has  been  interpreted  in  various  ways*      It  is  certain  that  it 
not  occur  in  a  transverse  myelitis  which  is  confined  to  the 
We  always  have  to  deal  with  a  coincident  disease  of  the  optic 
and  the  spinal  cord,  i.e.,  with  a  disseminated  inflammation  oral 
one  which  appears  in  several  foci. 

The  general  condition  may  suffer  very  considerably  in  acat^tam- 
verse  myelitis.  Foudroyattt  cases,  which  have  a  tendency  to  ^imi 
diffusely,  are  often  accompanied  by  fever.  Not  so  very  raielr^ud 
particularly  in  Lamiry's  paralysis,  the  spinal  symptoms  proper  u^ 
preceded  by  a  prolonged  stage  of  general  disturbance,  such  u 
malaise,  anorexia,  and  slight  fever.  If  decubitus  and  cystitis  defek|i> 
fever  will  always  be  i>resent,  sleep  will  be  disturbed,  and  the  ntttritim 
will  be  impaired.  But  if  the  inflammatory  focus  is  small  and  its  lo- 
cation is  relatively  favorable,  and  if  the  development  of  these 
complications  is  avoided,  then  the  general  condition  will  nsiulljr 
good  after  the  acute  stage  has  subsided. 

The  course  of  the  disease  may  vary  greatly,  as  is  evident 
what  has  been  said  in  the  section  on  the  pathological  aDAtomj. 
This  is  true  of  the  very  onset  of  the  affection.  In  a  series  of 
l>araplegia— the  most  important  and  typical  symptom — deT< 
acutely,  not  infrequently  at  night,  so  that  it  Ls  iinnoticed  by 
patient,  who  does  not  become  aware  of  his  condition  until  he  awaki 
in  the  morning.  In  these  caseSt  unless  there  are  good  reasoDS  to  tb^ 
contrary,  we  should  susi>ect  a  vascular  softening  rather  than  a  tn» 
myelitis.  In  other  cases  the  disease  does  not  reach  its  height  ai  oocft, 
but  several  apoplectiform  attacks  occur  and  their  effects  are  added  fc> 
<me  another  to  complete  the  clinical  history.  In  other  cases  from  a 
few  to  man}'  hours  elapse  before  the  paralysis  is  complete.  At  fin* 
the  patient  merely  feels  a  heaviness  or  tired  feeling  in  the  legs,  fa- 
(If^ed,  tills  condition  may  disappear  temporarily  after  '— *^"'*  ^--*  «* 
soon  returns.  Then  he  is  unable  to  stand  erect,  must 
the  paralysis  becomes  complete.  In  cases  which  mi 
course  and  which  should  be  called  subacute  rather 
paralysis  Ijegins  in  one  leg,  ascends  slowly  in  this  li 
tends  to  the  other  limb.  In  such  instances  twc 
lai)ae  before  the  paralysis  is  completelv  f 
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remissions  which  border  on  recovery,  but  these  are  always  followed 

exacerbations*     If,  as  rarely  happens,  there  is  no  complete  para- 

but  merely  paresis  of  the  lower  limbs,  it  may  still  be  possible 

move  the  toes  while  the  thighs  are  entirely  heli^lesfi,  although  the 

ysis  of  the  legs  almost  always  parses,  as  we  have  said,  from 

w  upwards.     This  is  probably  owing  to  the  fact  that  much  less 

►wer  is  necessary  to  move  the  toes  than  to  move  the  thigh. 

In  the  more  slowly  developing  cases  there  may  be  eonsideralile 
in  and  various  parf^sthesias  especially  before  the  paralysis.  The 
maining  symptoms,  the  aniaesthesia,  paralysis  of  the  bladder  and 
:tum,  and  trophic  disturbances,  follow  the  initial  symptoms  in  an 
jually  variable  manner. 
The  termination  of  acute  transverse  myelitis  is  as  variable  as  are 
onset  and  course.  It  results  quite  often  in  deatli.  This  may 
ur  in  a  few  days  in  the  most  acute  cases,  which  spread  rapidl\ ,  are 
often  attended  wdth  high  fever,  and  in  which  so-t*alled  acute  decubitus 
in*  These  are  the  cases  which  were  described  by  earlier  writers 
acute  central  myelitis  (myelitis  generalis  seu  diffusa)  and  which 
ibit  man3^  points  of  resemblance  iu  Landry's  ascending  j^aralysin. 
other  ctises  the  i>rocess  does  not  sjiread  Sij  rapidly  but  it  pro- 
gresses uninterruptedly,  finally  reaches  important  centres,  particu- 
larly that  of  the  respiratory  muscles,  and  the  patient  dies  of  asph>  xia. 
In  a  third  series  of  cases— the  most  numerous  among  the  fatal  <:>ues — 
death  results  finally  from  the  complications,  such  as  cystitis  and 
pyelonephritis,  decubitus,  or  from  the  general  impairment  of  nutrition 
(marasmus) .  Lumbar  myelitis  is  more  unfavorable  iu  this  regard  than 
are  other  forms,  because  in  it  the  bladder  disturbances  are  usually 
more  pronounced, 

In  a  large  number  of  cases  of  acute  myelitis  a  fatal  teriaination 
does  not  result.  As  a  matter  of  course,  the  progreHS  and  termination 
of  the  disease  may  vary  greatly  after  the  end  of  the  acute  stage.  The 
disease  may  continue  permanently  at  its  acme,  /.e.,  a  condition  of  com- 
plete paralysis.  This  occurs  most  fre([ueutly  in  dorsal  myelitis.  We 
then  find  paralysis  of  the  legs,  with  contracture  iu  extensitm,  more 
rarely  in  flexion,  and  greatly  exaggeratHd  reflexes.  In  Inndiar  myelitis 
flaccid  paralysis,  muscular  atrojdiy,  and  bladder  disturlianccs  remain. 
~  t  this  flabby  paraplegia  is  rare  as  a  jiermanent  setjuela  of  myelitis 
'>ause  the  patients  usually  die.  This  is  also  tnie  of  the  occurrence 
permanent  paralysis  of  all  four  limlis  io  cervical  myelitis.  On 
whole  a  persistence  of  the  disease  at  its  acme  is  rare  in  those 
I  in  which  life  is  preserved.  In  the  ^Titer's  ojunion  this  should 
the  suspicion  of  a  comjiressing  factor,  perhaps  a  slowly  grow- 
tr  of  the  meninges.      After  the  acute  stage  has  i massed,  at 
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least  in  the  large  majorit^\'  of  cases  of  dorsal  myelitis,  a  e^jnai 
improvement  soon  occurs.  The  patients  again  learn  to  Htatid 
walk,  at  first  with  cratches,  then  without  them.  But  the  kgs 
ways  remain  weak  and  especially  stiff,  and  ar©  the  geat  of 
distinct  or  moi-e  latent  contractures.  The  tendon  refl^xe«  exhibit 
clonic  character,  and  the  walk  is  either  spastic-paretic,  so  that  the 
are  dragged  and  scrape  the  floor,  or  it  m  jmrelj  8{)afitic,  at  e^efj 
tlie  heel  being  lifted  at  once  from  the  floor  so  that  the  gait 
Homewhat  dancing  in  cbaraeter.  These  are  the  cases  of  Ho-ealled  spin- 
tic  spinal  paralysis,  which  are  due,  in  the  majority  of  caaee,  to  mutti- 
pie  sclerosis  or  to  a  dorsal  myelitis  which  has  run  its  course.  In  iham 
cases  of  myelitis  we  almost  always  find  disorders  of  the  vedcal  ftul 
rectal  functions  and,  on  careful  examination,  ilisturbances  of  aem^ 
tion.  In  the  most  favorable  event  the  weakness  and  stiffn€^  mtjr 
disappear  almost  entirely  and  then  the  increased  tendon  refltxei 
alone  remain.  This  is  especially  frer4uent  in  paraplegia  due  to  %^ad 
caries,  which  is  only  apparently  a  myelitis.  Tlie  terminAtioo  h 
complete  recovery  is  extremely  rare  in  acute  transverse  myetitifi^  bot 
it  has  been  observed  in  cases  which  were  clinically  so  diagooied. 
The  expert  who  knows  the  remarkably  slight  tendency  of  the  corf  to 
recovery  even  in  very  mild  affections  will  be  inclined  to  belies 
an  error  in  diagnosis  in  such  eases .  UsiiaUy  they  are  due  to 
tiple  neuritis  or  to  caries  of  the  spine.  But,  as  we  have 
reinarked,  there  are  undoubtedly  cases  in  which  we  must  finallr  st- 
eepi  the  diagnosis  of  transverse  myelitis,  and  in  which  recover}'  oc- 
curs. Pick  and  Ojipenlieim  have  pointed  out  that  the  favorable 
usuidly  have  a  distinct  infectious  origin.  We  have  observed acase 
traus verse  myelitis  after  measles  which  terminated  in  perfect  recoreiji 

This  completes  the  description  of  the  clinical  history  of  myefii 
in  general,  and  we  have  already  considered  those  varieties  which  «» 
characterized  by  the  greater  or  less  rapidity  and  malignilj  ol  tlwr 
courHie,  li\-  the  more  or  less  complete  extension  of  the  disesM 
the  transverse  section.  It  I'emaina  to  give  a  brief  analysis  of 
l>rincipal  varieties  of  transverse  myelitis  wliich  depend  upon  tfe 
location  of  the  disease  along  the  longitudinal  section  of  the  coiA 
We  distinguish  dorsal,  lumbtir,  and  cervical  forms  of  n — ^-^-  '^^ 
the  general  tyi>es  can  here  I36  given.  In  regard  to 
whicli  depend  U[)on  the  exact  site  of  the  disease  f 
we  roft^r  to  the  remarks  made  concerning  tumors 
the  spinal  cord.  Tlie  following  refers  only  to  the 
the  disease  has  involved  at  least  the  entire  trans 
segment,  in  other  words,  to  that  stage  of  t 
reach  eti  itn  lieitrhL 


acorfto^ 
Blieve^H 
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Dorsal  Tjnnsverae  Myelitis. — Thin  is  tlie  most  freqoent  variety  of 
myelitic,  probably  because  the  dorsal  cord  forms  the  largest  division 
of  the  entire  organ.  In  almost  complete  transverse  lesion^the  raost 
frequent  evt?nt — there  is  complete  paralysis  below  the  site  of  the  dis- 
aikse  at  firnt  flat^cid,  then  growing  gradnally  spastic.  The  contracture 
is  usually  in  extension,  rarely  a  flexion  contracture  of  the  legs  and 
thighs  is  combined  with  atlduction  contracture  of  the  thighs.  The 
hitter  ca**e8  have  a  much  more  unlavorable  prognosis.  The  paralysis 
of  the  limbs  remains  permanently  flaccid  in  rare  cases  only  (complete 
transverse  lesion).  At  the  height  of  the  disease  flaccid  paralysis  and 
dei^eueratioo  reaction  would  necessarily  develop  in  the  muscles,  but 
this  e8cai>es  observation  in  the  intercostal  muscles.  In  disease  of  the 
lower  dorsal  cord,  electrical  disturbances  may  be  demonstrated  in  the 
abdominal  muscles.  At  the  height  of  the  disease  sensation  is  abol- 
iahed  up  to  the  level  of  the  corresponding  segment  of  the  cord, 
althou^^li  tlie  sensory  disturbance  in  many  cases  does  not  extend 
[iiite  HO  high  as  the  paralysis.  A  distinctly  circumscril>ed  zone  of 
ypera^sthesia  is  rarely  found  in  myelitis.  There  may  be  girdle 
or  girdle  parsesthesite.  In  very  acute  myelitis  the  tendon 
3  may  be  abolished  during  the  first  week  (shoek),  but  they 
soon  restored,  then  increase  and  acquire  the  iutensity  to  wliitdi 
Brown-Sequard  applied  the  term  spinal  ei>ilepsy.  It  is  also  certain 
that  they  may  l)e  j>ermanently  alxilished  in  total  myelitic  softeuinfr 
of  the  dorsal  cord.  At  first  there  is  usually  retention  of  urine  and 
eatheterizatifui  is  ue<.*esBftry.  Later  incontinence  of  urine,  ischuria 
paradoxa,  or  involuntary  evat-uation  of  the  bladder  in  gushes  may  set 
in.  If  the  disease  ])ursues  a  favorable  course,  mere  weakness  of  the 
detrusor  or  increased  and  im iterative  desire  is  alone  left  over.  The 
els  are  very  constipated  and  usually  must  1>e  evaciiateil  artificially. 

a  m!cuiTence  of  1>edsores  is  due  mainly  to  the  more  or  less  distinct 
anfBstliesia  and  secondarily  to  the  intensity  of  the  bladder  symptoms, 
but  with  good  nursing  it  may  usually  l^e  ivre vented. 

The  disease  may  tei-miuate  fabilly  in  the  acuta  stage  or  from  mar- 
afimns;  life  may  l»e  jjreserved,  all  the  symjittuns  perHisting  (rare); 
or  a  spastic  paralysis  rt^mains.     Complete?  recovery  is  rare. 

Lumbftr  Jltjvliiis.—Jt  the  myelitis  m  total  and  extends  over  the 
itire  lumljosacTal  tract,  there  is  iiaralvsis  of  all  the  muscles  of  both 

L^TB.     The  paralysis  always  remains  flaccid,  and  is  combined  with 
»BCular atroijhy  and  degeneration  reaction.     The  an?f asthenia  extemls 
eriorly  to  the  crest  of  the  ilium,  antt^riorly  to  a  little  beyond  the 
lal  fold.     The  location  of  the  iiains  corresponds  to  the  upper 
-  of  the  anaesthesia,  Imt  they  may  also  radiate  into  the  legs. 

B  n  reflexes  are  permanently^  abolished.     The  bladder  exhibits 
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eampleiB  iDocmliiieoce,  mod  &e  fimctioDs  of  the  rectum  are  pedi 
dfHsal  mrelitis.  On  aceouiit  of  the  severe  bladder 
deembttnd  is  moek  more  frequent  than  iii  doiBal  myelitii^ 
il  is  eqm^j  difficiih  to  heal  after  it  has  oDce  developed*  Heooe 
Id  lumbar  myelitis  oocnrs  more  frequently  and  at  an  earlier 
than  in  dorsal  myelitis.  If  life  is  preserved  the  flaccid  pand; 
T^eical  paralysis,  and  impotence  persist.  The  ability  to  walk  i» 
restoiBd,  If  the  myelitis  is  confined  exclusively  to  the  Inmliar 
flaccid  [jaralynis  with  degenerative  atrophy  iiccurn  only  in  the  mi 
i:»f  the  thighs;  the  paralysis  of  the  legs  is  not  attended  with  atroplij 
and  may  be  s]>ai^tic  in  character.  The  sensory  disturbance  hasth 
same  dlstribntion  as  in  total  lumbosacral  myelitis.  The  patellar  re- 
flexes are  absent,  but  there  may  be  ankle  clonus.  The  bladrler  umI 
rectum  show  the  same  symptoms  as  in  doi-sal  myelitis. 

In  pure  mrml  myelitis  the  muscles  of  the  legs,  tbe  flexor  cruris, 
the  glutei,  and  the  peroneal  muscles  show  flabby  paralysis  lad 
degeneration  reaction ;  the  other  nuclei  of  the  lower  limbs  are  nn- 
affeeieil.  The  antesthesia  is  confined  essentially  to  the  posieri^ir 
surfaces  of  tlie  legs.  The  Achilles  tendon  reflex  is  alisent,  the  putel- 
lar  i-eflex  may  l>e  intact.  There  is  complete  paralysis  of  the  bladder 
and  rectum. 

On  account  of  the  shortness  of  the  lumbar  enlargement 
varieties — lumbar  and  sacral  myelitis — are  very  rare  in  a  pure 
It  is  hardly  i>ossibIe  that  a  myelitis  could  be  confined  to  the  eom 
termiualis.  It  would  lie  manifested  by  paralysis  of  the  bladder  lad 
rectniii,  impoteucp,  aujesthesia  in  the  region  of  the  anus,  i)erinctim 
Hcrotnrn,  i>euis,  and  the  posterior  surface  of  the  thighs,  perhaps  !•; 
degenerative  ]>aralvsis  in  the  distribution  of  the  sciatic  nerves, 

Verrifffl  Mf^elifis. — If  the  entire  cervical  eulargeraent  is  involvf*!, 
there  will  be  flaccid  paralysis  of  both  ai-ms  i\ith  degenerative  atrophy 
of  the  muscles  and  degeneration  reaction.  The  trice* ps  reflex  ia  iib>l- 
inlied.  Tliere  is  spastic  paralvsis  of  the  lower  limbs  and  tnudL 
SeuHation  is  alv^lished  on  the  trunk  as  far  as  the  second  rib  anteriorfT 
ami  the  .si>ine  of  the  scapula  i>o8teriorly,  the  arms  are  compleiel} 
auH'sthetic;  the  palpebral  fiHSures  and  pupils  are  narrowed.  If  tiw? 
lower  half  of  tlie  cerA-icid  enlargement  alone  is  involved,  the  mofe- 
ments  of  the  slmulderH  and  elbow-joints  are  unafl*ect€  " 
and  iiaiidH  are  jwiralyzeiL  The  antesthesia  affects  the 
the  arms  and  hands;  the  pupils  and  pali)ebral  fissuri 
If  the  inflariimatiou  is  Incated  in  the  upper  half  of  tli 
inent,  tlie  upper  limbs  are  corai>letely  paralyze^ 
tlie  muscles  nf  the  arm  and  shoulder  alo? 
bauds  and  fiugers  are  contractured.     Ii 
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be  reBpiration  is  very  difficxilt,  because  all  the  intercostal  muscles  are 
iraJyzed;   priapisin  is  usnally  present.     The  prognosis  of  C5ervical 
[ijeBtis  is  much  worse  than  that  of  dorsal  myeUtis. 

Myelitis  is  most  dangeous  when  it  is  located  above  the  cervical 
irgemeut.     The  phrenic  nucleus  is  affected  at  the  fourth  cervical 
^inent  and  asphyxia  is  then  unavoidable,  at  least  when  the  trans- 
lesion  is  approximately  total*     If  myelitis  of  the  upjier  cervical 
5rd  runs  a  slow  course,  the  first  symptoms  majj'  l>e  degenerative 
rophy  of  the  sternocleidomastoid  and  trapezius  muscles  with  diffi- 
Ity  of  moving  the  head,  while  spastic  symptoms  are  observed  in 
le  arms  and  legs.     True  myelitis  is  very  rare  in  this  region. 

In  a  few  cases  of  cervical  myelitis,  when  there  is  a  very  peculiar 
lization  of  the  disease  iu  the  transverse  section,  isolated  paraly- 
lis  of  the  arms  has  lieeu  obsen-ed  without  parah'sis  of  the  legs,  so- 
led brachial  paraplegia.      Ah  a  geueral  iTile   brachial  paraplegia 
idicates  a  disease  of  the  roots  of  the  brachial  plexus  outside  of  the 
)rd»  and  in  these  case^,  as  a  matter  of  course,  there  is  flaccid  paraly* 
%in  of  the  arms  with  degenerative  atrophy.     We  cannot  enter  here 
ito  a  description  of  all  the  possible  varieties  which  may  be  due  to 
partial  disease  of  the  transverse  section,     A  few  points  have  been  men- 
(tioned  above;  the  rest  must  be  left  to  the  physiological  analysis  of 
[the  individual  ctise. 

Chronic  3Ii/difw. 

Tlie  description  f^f  soHL^aOed  chronic  myelitis  may  be  very  brief. 
We  agree  entirely  with  OppeDheim,  who  believes  that  the  majority 
of  cases  so  called  are  really  cases  of  multiple  scleroHiti,  that  a  second 
and  smaller  series  of  cases  are  due  to  the  chronic  spread  of  acute 
myelitis,  and  that  transverse  myelitis,  chronic  from  the  beginning, 
is  a  very  rare  disease,  if  indeed  it  (X^cui's  at  alL  But  as  some  of 
the  most  recent  writers,  for  example  Gowers,  entertain  a  different 
opinion  and  still  regard  chronic  myelitis  as  a  fre^iuent  disease,  we  must 
defend  our  views  somewhat  iu  detail.  They  are  based  upon  the  his- 
torical development  of  the  doctrine  of  this  form  of  myelitis  in  tlie 
last  few  decennia.  In  1878  Erb  included  tabes,  multiple  scleronis, 
primary  sclerosis  of  the  lateral  tracts,  amyotroj^hic  lateral  sclerosis, 
id  the  combined  system  diseases  in  the  category  of  chronic  myelitis, 
1  differentiated  these  diaeaseH  from  the  primary  furm  of  myelitis, 
art  for  clinical  and  anatomicn pathological  reasons,  in  part  for 
didactic  reasons.  This  author,  on  account  of  the  imperfect 
Te  of  the  diseases  at  that  time,  also  included  among  the  va- 
luic  myelitis  many  cases  of  syringomyelia  and  of  clironic 
is.     Pick  made  a  much  shariier  differentiation  of 
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these  affections.  He  knew  that  Halloi)eaa*fl  peiipendTmal 
was  really  syringomyelia ;  he  recognized  chronic  peripheral  ofiforifil^ 
and  differentiated  from  myelitis  Bpaamoclic  tubea  o{  the  aged  il 
maoge)  a8  an  arteriosclerotic  affection,  A  part  of  the  c 
aa  chronic  cervical  myelitis  he  included  in  the  category  rf 
trophic  cervical  pachymeningitis.  The  diseases  of  the  cx)rf ' 
result  from  compression  (tnmor,  caries)  are  not  divided  sharpjjl 
him  from  inflammations  proper.  Pick  resenres  the  term 
myelitis  (he  also  recogniy^en  its  frecjuent  development  out  of 
myelitis)  for  chronic  transverse  myelitis,  which  mav  be  eonfiiied  1 
small  foci  or  graduaUy  involve  large  portions  of  the  cord,  and  the  i 
called  annular  sclerosis  (sclerose  cortic-ale  annuhiire  of  Yalpian). 
win  here  discuss  the  latter  affection. 

In  the  majority  of  cases  we  have  to  deal  with  an  inSai: 
penetrates  the  cord  from  the  membranes  or  the  cortici^  Toondg,  ti 
a  so-called  meningo myelitis.     Rarely  is  there  a  primary  it 
of  these  parts  in  the  sense  of  the  pseudos^'steraatic  combined  sy 
diseases  (Ley den  and  Goldscheider).     It  is  also  to  be  noted  tfaalt 
entire  coilical  region  is  occupied  by  ascending  as  w^eU  as  < 
degenerated  fibres,  so  that  if  a  small  transverse  fo<?ns  in  any  put  i 
overlooked,  the  remainder  of  the  cord  may  suggest  a  primary  anmilir 
sclerosis. 

There  remains  only  the  chronic  transverse  (and  nsnally  ven 
diffiiase)  myelitis.  This  is  said  to  have  a  tendency  to  spread  gradii- 
ally  over  the  entire  cord  and  then  to  extend  into  the  medulla  oblott- 
gata.  In  by  no  means  a  few  cases  of  multiple  sclerosis,  in  which  life 
is  [jresen^ed  for  a  long  time,  it  is  found  that  the  foci  eoalesoe  to  & 
greater  or  less  degree.  In  this  way  the  jyicture  of  a  very  diffm 
sclerosis  develop  is  and  in  some  sections  this  scleroeis  is  tolaL  If  it 
the  same  time  foci  are  present  in  the  medulla  oblongata  or  tbeipini 
foci  gradually  ascend  t<j  the  medulla,  the  clinical  history  of  mnUipk 
sclerosis  will  naturally  be  ]>r(Kluced.  If  the  foci  are  confined  ta  ftft 
cord,  tui  is  not  impossible,  we  find  the  clinical  history  of  a  efanw 
myelitis  (apart  from  the  acute  exacerbations),  and  indeed  thiaisabo 
true  from  t]ie  anatomical  standpoint.  But  there  is  no  doubt  dal 
snch  castas  are  very  rare. 

After  alt  these  considerations  there  are  left,  in 
clircmic  myelitis,  only  the  chronic  continuations  of  tin 
perhaps  some  very  rare  cases  which  we  must,  for 
interpret  as  examples  of  primary  chronic  myelitis. 
course  these  eases  do  not  differ  materially  in  th 
toms  from  tliose  of  acute  myelitis,  for  each  indivi 
ocetir  ill  both  forms.     The  slow  course  of  the  ii 
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,  in  the  main,  to  three  peculiarities  of  chronic  myelitis.     In  the 
xuoi;  place  the  individual  stages  deHcribed  above  will  be  divided  more 
flharply  from  one  another.     Id  particulai",  the  stage  of  sensory  and 
motor  irritative  symptoms  may  coiitinne  alone  for  a  loiig  time  before 
paralytic  HVDiptoma  make  their  appearance.     In  the  Becood  place  the 
inflaniiiiation  in  more  apt  to  be  confined  for  a  considerable  periocl  to 
B  Individ uhI  parte  of   the  transvei^e  section  and  to  give  rise  to  cor- 
^^i^eapondiug  clinical  sympt-oms,  for  ejiample,  to  spinal  hemij^legia  or, 
^nn  Gowers  describes  it,  to  Bi^t^wu-Setiuard's  paralysis,  or  to  the  above- 
H mentioned  brachial  parai>legia.     In  the  third  place  chronic  myelitis 
-naturally  begins  with  very  slight  symptoms  which  gradually  increase, 
while  in  acnte  myelitis  the  disease  reaches  its  height  at  once  and  then, 

I  if  any  change  <x?curB,  takes  a  turn  for  the  Ijetter.  Ah  a  general  thing 
pareses  \^ill  continue  for  a  long  time  in  clii*onic  myelitis  lief  ore  real 
paralyses  develop.  Beunation  is  often  unchangedj  and  there  is  more 
apt  to  be  simple  weakness  of  the  bladder  than  paralysis.  For  these 
reasons  it  is  usually  possiVile  to  prevent  bedsores. 

The  general  condition  is  almost  always  unaflFected  until  the  last 
stage.  At  the  end  all  the  sv'mptcjms  attain  great  severity  and  maras- 
mus then  sets  in.  The  flexion  contractures,  which  are  the  source  of 
much  annoyance  in  nursing;  are  more  fretiueut  in  the  final  stage  of 
chronic  rayelitis  than  in  tlie  acute  fomi. 

The  duration  of  clironic  myelitis  raa\'  l)e  very  great;  the  disease 
often  last*!  ten  years  or  more.  Not  infre<[uently  there  are  remissions, 
either  temporary  or  [jermaneut,  and  the  disease  may  then  continue 
aa  so-called  spastic  spinal  paral\sis.  True  remissions  probably 
occur  only  in  multiple  sclerosis.  In  typical  cases  death  is  due  to 
implication  of  the  cer\'ical  respiratory  centres  of  the  medulla  oblon- 
gata, or  t^>  complications.     Recovery  is  impossible. 

Lan dnj '  h  Fti n t  hfM is , 

We  refer  the  reader  to  the  remarks  already  made  concerning 
liandry's  paralysis  in  the  historical,  etiological,  and  anat<jmicopatho- 
logical  sections  of  this  article.  Here  wb  shall  discuss  only  the  cen- 
tral form  of  ascending  paralysis,  disregarding  the  neuritic  varieties. 
This  intention  cannot  Ije  carried  out  strictly-,  ho%vever,  because  there 
are  often  combinations  of  central  and  ]>eripheral  disease,  and  their 
— -^-'ptoms  then  enable  us  to  recognize  their  mixed  character. 

*Ve  may  repeat  once  more  that  in   this  liaralysis  the  connection 

Ben  an  infe(*tion  and  the  s|)inal  diseane  is  nsuallj^'  very  distinct, 

ould  recall  Mariuesco's  extremely  instructive  i>ost-mrvrteni  find- 

a  case  of  this  kind.     In  1859  Lamlry  descriWd  the  clinical 

typical   cases,   and    his    masterly    description   has    been 
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changotl  but  little  by  Bubsequent  obeervera.  It  is  very  el 
that  the  spioal  symptoms  piTiper  are  usually  preceded  by  a  pn>- 
longed,  ill-defined  prodromal  stage,  which  lasted  eight  dmyn  in  oat  of 
the  writer's  eases.  There  is  general  malaise,  with  sligli*  f»  \>  r.  aao- 
rexia,  and  drawing  pains  in  the  limits.    The  spinal  sym)  t  ^io  in 

the  lower  limlis,  particularly  in  the  feet.     Panels  ai  in  iba 

feet  and  gradually  spreads  upwards,  followed  by  ]>arai^  i       .^^C' 

tion  of  the  feet  in  followed  by  that  of  the  legs  and  thighs,  ihi*ii  uf  th& 
trunk  and  arms ;  then  notalile  iliHturbauce  of  respiration  nnd  nympkmm 
of  asi>hyxia  set  in,  and  the  drama  closea  with  disturlmui*e  in  digloti- 
tioD,  artieidation,  phouatiou,  and  the  action  of  the  heart  A  iborl 
iuten^al  Usually  elapses  lietween  each  successive  invasioaol  IkadilRir^ 
ent  sections  of  the  lx>dy .  The  i>aralysis  does  uc^t  always  oenir  ainml- 
iaueously  in  both  lower  extremities  nor  does  it  spnmd  uniformly  akifi|{ 
the  limlis.  The  disease  rarely  exterxls  farther  up,  although  I 
lieen  descril^ed  in  which  the  facial  nerve  and  ocular  muflclea  ^ 
lyased*  All  the  muscles  mentioned  are  not  paralyzed  in 
in  every  case;  it  is  not  sn  very  rare  to  find  that  some  mtiadaa^ 
or  are  merely  i)aretic.  In  other  cases  the  disefiae 
jumps.  For  example,  it  f»asses  from  the  feet  directly  in  the  tf^JgW, 
trunk,  and  arms,  leaving  the  legs  intiu^t.  The  pafalyma  ia  alwmya 
tiaccid.  The  tendon  retlexes  are  never  exaggerates!,  in  tlia  majoftty 
of  cases  they  are  absent.  Tliey  are  demonstrable  in  a  few 
prolmbly  in  those  which  run  a  very  rapitl  tMiutse. 

In  typical  caaes  the  electrical  excitability  of  the  f>aralyaed  : 
ia  unchanged.  This  prolmbly  de[>ends  on  the  fact  tbat^  on  aoooiial 
ill  the  rapid  course  of  the  disease,  there  is  no  time  for  the  > 
of  the  degeneration  reaction.  Slight  disturbances  of  electrical  < 
bility  have^  however,  lieeu  observed  in  slowly  progreaainff  eaaaa  and 
particular!)^  in  those  wliicli  recovered ;  !>ut  distinct  diatitrhanw  of 
ehx*trical  excitalnlity  idwuys  indicate  that  we  have  to  deal  witli  Hm 
perijiliera!  neuritic  form  of  ascending  paralysia.  Muacular  atrophy 
may  also  rK*cur  in  such  cases.  Oppenheini  has  otiaarvad  cm 
occAsions  that,  upon  electrical  stimuktion  of  the  periplieen] 
muscular  contraction  waa  protlnceil  eiirly  hut  diil  not 
increasing  streugth  of  the  current— k*".,  the  minimum  and 
of  nerve  irritability  lay  close  to  one  another.  Perhapa  lliia  waa  dm 
to  rapid  exhaustion  of  the  electrical  irritability  of  the  tn&rvem. 

Tlie  disturbance  of  sensibility  is  moderate  bul  ta  oflan  dJalinri 
Par«e«thesia'  and  slight  impairment  of  tactile  aanaibUity 
cially  frequent  at  the  extremities  of  the  lindia.     In  one  of  thi*  wriler^fl 
oaaes  violent  paina  were  alao  present,  particularly  in  the  prodrooal 
Stage.     In  other  respects  &e  case  was  eUnicalliy  pure,  bot  tha 
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probably   indicated  a  combination  with  peripheral   neuritic  proc- 

In   the  absence  of   pronounced  sensorv   disturbances   bedsores 
Biially  do  not  develop.      Pronounced  disturbances  of  the  bladder 
,d  rectum  are  absent  in  Landry's  paralysis,  although  slight  disorders 
micturition  may  be  present. 

The  sensorium  is  clear  until  the  end,  unless  some  febrile  eomplie^i- 
•n  or  asphyxia  leatls  to  unconsciousness.  The  patients  are  often 
rtreiriely  anxiouH,  excited,  and  wakeful,  esiieciaUy  after  respiratory 
isturbances  have  set  in.  The  organs  of  special  sense  are  not  involved. 
The  disorders  of  deglutition  are  the  most  severe  among  the  bnlliar 
ymptoms.  Solid  particles  are  swallowed  l>etter  than  fluids,  which 
sually  regurgifcite  through  the  nose.  The  patient  is  always  in  danj^er 
f  sutftx^ation  during  meals.  The  disturbanoe  of  articulation  and 
[ilioiiation  may  finally  become  so  pronounced  that  the  patient  cannot 
be  understood.  Vigorous  coughing  is  irajjoBsible.  Great  interest 
attaches  to  the  fact  that  enlargement  of  the  spleen  is  ver^'  often  pres- 
ent. In  rare  cases  the  disease  pursues  a  descending  course.  It  be- 
gins at  the  medulla,  then  descends  to  the  arms,  but  usually  does  not 
reach  the  lower  limbs  on  account  of  the  early  death  of  the  patient. 
We  have  already  spoken  of  its  progress  by  fits  and  starts,  and  would 
merely  remark  in  addition  that,  in  cases  which  are  evidently  closely 
allied,  the  process  may  l^egin  simultiineously  in  parts  remote  from 
one  another — for  example,  the  medulla  oblongatii,  the  cer\ical,  and 
the  sacnd  cord. 

The  disease  may  run  its  course  from  the  fii-st  Hi>inal  symptoms 

the  fatal  termination  in  a  very  short  time  (two  to  three  days) ;  in 

er  cases  a  few  weeks  elapse.     In  a  third  series  of  cases  the  disease 

ihes  a  certain  height  <even  severe  bulbar  sjt'mptoraa  may  develop), 

m  it  comes  to  a  standstill,  and  regresses  to  complete   recovery. 

e  favorable  cases  alw^ays  arouse  the  suspicion  that  we  ha\'e  to  deal 

ith  the  neuritic  form  of  Landry  *s  paralysis.     This  in  assured  when, 

frequently  happens,  we  have  observed  i>ronounced  disturbances  of 

ectrical  excitability,  ^-iolent  pains,  and  tenderness  of  the  nerves. 

De^th  may  result  from  Hsi>h\'xia,  rarely  from  cardiac  |>aralysis. 
Stdihick"  pneumonia  often  sets  in  or  the  primary  infection  per  sc 
Is  to  the  fatal  termination. 

Acute  Disseminated  Eitcephalomtjetitin, 

This  disease  (Leyden^s  acute  central  ataxia)  is  a  myelitis  with 

erous  small  foci  in  the  cord,  pons,  and  usually  the  cerebrum. 

phal  has  described  crises  in  which  tlie  foci  were  confined  to  the 

These,  if  the  foci  are  so  numerous  as  to  produce  distinct  symp- 
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toms,  can  hardly  be  distiuguiahed  from  cases  of  simple  trangTeiw 
m yelitift.    The  cbaTacteristic  featuxe  of  the  clinical  history  is  1 
by  the  combination  of  bulbar  symptoras,  [>erhai>8  also  ol 
symptoms,  with  those  dependent  ou  disease  of  the  cofd.    Then 
cases  alone  will  be  discUBsed  here  in  detail.       Although  tii^  *  -^ 
carefully  observed  cases  were  publiehed  twent^'-five  years  ago,  l 
shown  in  the  historical  rhumi  given  above,  and  subsequeEtlj  nrr 
accurate  clinical  commmiications  wei-e  furnished  by  Leyden  \ 
ing  his  so-caUed  acute  ataxia,  a  knowledge  of  the  disease  hai  i 
been  diffused  largely  in  the  profession.     This  is  only  natural,  beenK 
even  the  latest  and  most  complete  text-books  cm  nervous 
mention  this  affection  cursorily  or  not  at  all.     In  fact,  howeTW*  i 
serainated  encephalomyelitis  possesses  great  practical  imp 
In  the  fimt  place  it  is,  in  our  experience,  more  frequent  than  i 
transverse  myelitis.     This  is  x^articnlarly  true  if  we  speak  o{  ] 
litis  only  in  raises  which,  etiologically,  are  positively  recogaml  l 
iiiHammatory   (those  which  follow  infectious  diseases).     Ho 
these  cases  usually  exhibit  from   the  outset  au   estremelr 
appearance,  while  in  many  of  them  complete  or  almost  cob 
recovery  ensues,     Henc^  the  experienced  practitioner  is  enibMl 
an  early  period  to  allay  the  fears  of  tlie  family  couceming  the  i 
of  the  disease.     As  crises  of  this  disease  present  some  variatiani  ii 
regard  to  etiology  and  symptomatology,  we  may  best  describe  lb 
main  features  of  dinease  by  recounting  the  clinical  history  of  a  fe« 
cases  which  have  come  under  our  own  observatioti. 

Cast  L — Di^semiHafed  EncephulomyeUtk  after'  f  ancrSo.— A  giit 
aged  4  years.  Varicella  ten  days  after  a  sinter  had  been  attwrSei 
After  the  primary  disease  had  Ijeen  recovered  frtnu,  the  patiejat  ^y> 
apparently  well,  but  somewhat  dull.  March  5th,  18^1*2,  on  aw&kiiigiii 
tlie  morning  she  was  in  same  condition  as  at  the  i>resent  time  (Him 
8th).  Sensorium  clear;  answers  all  questions  con*ectly.  Bpe«cb  ii 
tyjiically  scanning,  nasal,  and  sometimes  dysarthric;  the  be^imiiigot 
H  wonl  is  often  explfjsive.  Movements  of  face,  tongue,  and  eyes  izi 
uonnal;  there  is  no  nyst^i^mus;  deglutition  is  good.  In  sittiqg,tltf 
htNul  hLows  treranlons  rfitatory  movements,  and  vigorous  Hhakiogiditt 
tiiB  patient  tixeH  an  object*  Intention  tremor  is  present  on  mcmaf 
Hie  arras,  but  it  is  mixed  with  widely  excursive  ataxic  mumBUHttti 
WbcH  the  patient  is  lying  in  bed  there  are  vigorous  ataxic  moreoiiili 
nf  th(^  le^H  on  attempting  to  get  the  patellar  reflex  and  st 
thn  logs  ou  risiug  from  the  bed.  On  attempting  to  bo! 
t^n^c-t.  there  is  at  fii'nt  violent  shaking  tremor  of  the  leg» 
1 1  link,  arms  and  Jiead,  and  unless  supported  she  woulc 
'I'horo  are  true  ataxic  movements  of  tue  legs  on  attemp 
Hiliing  is  also  imiKissible.  Tlie  patellar  reflexes  are  n« 
I'Mh,  d*H*ided  improvement.  Speech  good,  only  slight 
arms.     Sitting  again  possible,     March  15th,  still  ty] 
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lor  of  the  arms ;  walking  possible  but  with  tottering  and  stamping. 
lie  child  is  mentally  very  excitable*     March  20th,  slight  tremor  of 
and  hands;  standing  and  walkitig  good.     Recovery  soon  be- 
ae  complete  and  permanent. 

Case  IL — Dissemuiated  Encephalomtfelitls  after  Poisoning  tcith  Gas 

hf  UnknowJi   Character,— An  employee  of  a  gas  oompany,  aged  43 

^eara,  while  making  ammonium   sulphate  became  unconscious  and 

ras  found  in  that  condition.     The  nature  of  poisonous  gas  could  not 

I  discovered.     After  admission  to  hospital  he  was  unconscious  for  a 

lew  days,  then  slight  consciousness,  paralysis  of  the  limbs,     Dis- 

sbarged  April,  1892,  ostensibly  cured.     According  to  statement  of 

'le  lodge  physician,  he  was  in  the  same  condition  as  at  present  time 

[(June  3d,  1892).     Walk  notably  affected ;  after  sitting  for  a  long  time 

"le  feet  are  first  glued  to  the  fioor  and  the  legs  are  dragged  after  him ; 

Imdly  there  is  increasing  tremor  of  the  legs,  which  then  extends 

the  trunk,  arms,  and  head,  so  that  the  patient  would  fall  if  not 

[supported.     At  the  Ijeginniug  of  the  tremor  the  heel  is  lifted  from 

"le  floor  so  that  ouly  the  ti|)  t>f  the  foot  is  in  contact  with  the  fioor 

J  (typical  spastic  gait).     No  Romberg's  symptom,  but  there  is  the  same 

I  tremor  of  the  entire  hod\'  in  standing  a+*  in  walking.     Very  vigorous 

ataxic  movements   on  moving  the  legs   in  the  recuml>ent   i>osition. 

?are8i9  of  the  legs,  no  contracture.     Extreme  clonus  of  the  jjatellar 

[and  Achilles  tendons;  npiual  epilepsy.     Coarse  intentitiu  tremor  of 

[the   arms,   sometimes  slight   ataxic  symptoms;    tremor  in  writing; 

Iparesis  of  the  arms.     Pronounced  scanning  speech,  alst)  tremrir  of 

the  face    in    speaking.     Tongue    normal;    no    nystagmus.      Special 

[senses  and  intellect  normal.     Other  findings  normal.     April,  lHil8, 

[material  imi>rovement  in  every  reHjiect.     Gait  at  first  si>astic,  later 

[marked  tremor  and  tottering.     The  legs  are  not  dragged  until  the 

I  close  of  a  half-hour's  examination,  but  are  still  iiaretic.     Patellar  aud 

Achilles  clonus,  liut  not  so  severe  Jis  before.     Ou  movementH  of  the 

ilegs  in  the  recuml^ent  p^mture  there  was  no  intention  tremor  hh  hmg 

the  legs  were  held  rpiietly  in  the  air.     Airms  almost  well,  but  dis- 

ict  intention  tremor  in  the  left  arm.     Bpeocli  Htill  scanning   and 

[Bomewhat   dysartbric.      Slight  tremcjr   of    the   head.     A]>ril,  1894, 

[very  striking  improvement.     Gait  at   first   uurmal,   slightly  spastic 

[after  exhaustion.     No  ti^emor  in  walking  (*r  moviug  the  legs  in  the 

[recumbent  position.     No  patellar  clonus;  slight  clonus  of  Achilles 

I  tendon.     Good  power  in  the  legs.     Nnnnal  findings  in  the  arms  and 

bead.     Speech  still  scanuing.     Patient  resumed  his  work,  hut  grew^ 

[tired  very  rapidly  and  soon  abandoned  it.     At  the  end  of  April,  181*4, 

all  the  sympt-oms  were  again  very  severe.     Gait  oxriuisitely  spastic; 

'spinal  epilepsy.      Strong  tremor  of  left  leg,  not  of  right,  in  moving 

ill  recumlient  position.     Improvement   coutinuod   in   the  arms,   and 

on  returned  in  all  other  ])arts.     In  June,  181)4,  another  relaj>se  D€- 

rred  after  an  attack  of  diarrhoea  lasting  several  days. 

This  patient's  wife  suffered  from  multiple  sclerosis,  as  shown  by 

istic    paresis  witli  tottering   gait»  intention    tremor  of  the  arms, 

tming  s[jeech,  and  slight  disturbance.     The  course  was    chronic 

gressive. 

Oase  IIL^DisHemumfeff  EnrfphnJamifeUtiH  after  Srarlafina.  —A  girl, 
1  7i  years,     October,  1887,  scarlatina  without  diphtheria;  during 
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its  course  there  occurred  sudden  unconsciousness  (im  possible  to  i 
tain  whether  Dephritis  was  present),  which  lasted  thirty  days, 
restlessness,  delirimn,  tonic  contractures  of  the  armB  and  trunk, 
eonscionsness  cleai'ed  up,  but  complete  aphasia  set  in;  the  child  a-" 
pressed  her  desires  by  weeping,  Pronoutjced,  constant  choreic  tucrn^ 
mentSj  especiall}'  of  right  side;  bladder  and  rectum  intact.  h^A 
tii"st  completely  paralyzed;  arms  could  be  raised  somewhat  wA 
marked  ataxic  movements.  Gradual  increase  of  power,  but  pena»- 
tence  of  ataxia,  Christmas,  1887,  sitting  barely  possible ;  pronounaii 
shaking  of  the  head*  Si^ech  is  gradually  learned  again.  FebniAn 
13th,  1888,  intelligence  good.  No  nystagmus  or  other  ocular  gymp- 
tom.  Speech  scanning  and  dysarthric.  Slight  cerebral  pandystt  of 
right  facial  nerve.  Left  arm  stroi.ger  than  the  right,  which  exHlati 
distinct  ataxia.  Legs  not  paretic.  Vigorous  reflexes,  no  cIooibl 
Most  marked  ataxia  of  the  legs  on  moving  them  in  the  recumbent  po 
sition;  gait  ataxic  and  tottering,  with  forcible  stamping ;  walking  pos- 
sible only  with  assistance;  standing  [XJssible  with  feet  widely  s««pi- 
rated.  Sensibility  inUict.  April,  1888,  improved.  Could  walk  a  fri 
Rteps  without  assistance.  In  November,  1888,  gait  stiU  stamping. 
Distinct  ataxia  in  right  arm ;  writing  done  iKX>rly  •  Speech  scamujig, 
no  longer  dysartliric.  April,  1890,  gait  somewhat  uncertain^  iiodii^ 
tiuct  ataxia;  nothing  abnormal  in  hands  and  arms.  Speeeb  Man- 
ning.    Findings  approximately  the  same  in  April,  1896. 

The  writer  (Bruna)  has  recently  observed  another  case,  similirto 
Case  in.,  in  a  bt\v  of  two  years  after  pertussis.  Complete  reoomt 
occurred.     Here  the  choreic  stage  was  especially  distinct. 

From  these  briefly  sketched  cases  it  is  possible  to  gain  a  good 
idea  of  the  disease  and  its  difl'erent  varieties.  From  our  own  data- 
vfttions  and  those  of  others  the  following  general  statements  may  be 
made  concerning  -the  symptomatology  of  disseminated  encepiialf> 
myelitis :  The  dise^ise  almost  always  begins  during  or  immedi^j 
after  an  acute  infectious  disease  or  a  toxaemia,  and  its  frequent  occur- 
rence in  cliildhood  is  explained  by  its  close  relations  to  the  infectioos 
diseases.  It  always  begins  acutely;  in  the  first  c^ise  ab<3ve  imported 
it  begaa  at  night  during  sleep.  In  the  majority  of  cases  the  symir 
toms  of  the  first  stage  indicate  a  serious  implication  of  the  entii* 
central  nervous  system;  these  were  in  Case  II.  [jrolonged  onecik- 
sciousness  aud  at  fii*st  general  x^^J^^b'sis;  in  Ci^se  IIL  micoD- 
scionaness  Avith  restlessuess  and  delirium.  Then  the  miconscio 
ness  gradually  disappears  and  sometimes,  as  in  Case 
;i[ipe3HrH  wliich  reminds  us  at  first  of  a  severe  chorea, 
sia  may  be  present  at  this  time  (Case  HI.),  and  optic 
also  been  observ(*d  in  several  cases.  In  these  sever 
only  after  the  lapse  of  weeks  that  the  disease  rea 
which  is  most  characteristic  and  from  which  tht 
bxia   bas   been  derived.     But  this  does  not  alwi 
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a  series  of  casee^  for  example  in  Case  L,  the  severe  cerebral 

rmptoms  may  be  absent  and  the  di^ea^e  then  begins,  if  we  may 

express  ourselves,  with  the  second  stage.     According  to  Leyden, 

be  clinical  hietory  then  exhibits  the  following  typical  symptoms: 

Ataxic  movements  of  the  legs  or  disturbances  resembling  intention 

2or,  while  standing,  walking,  or  moving  the  limbs  in  the  recum- 

at  position;  similar  symptoms  in  the  arms  on  making  grasping 

aovements;  severe  tremor  of  the  head.     (2)  Disorders  of  speech,  of  a 

ing,  rarely  of  a  dysarthric  character.    (3)  Disturbances  of  intel- 

geuce ;  these  were  absent  in  our  cases ^  after  the  severe  first  stage. 

To    these  w^e    may  add:     (4)   Not    infrequently   exquisite    spastic 

Ijrmptoms  in  the  legs,  more  rai'ely  in  the  ai'ms,  with  correspoud- 

gait  and  often  greatly  increased  tendon  reflexes;   and  (5)  as  a 

[legative  symptom  the  absence  of  all  sensory  disturbances,  includ- 

the  muscular  sense,  and  of  all  disturbance  of  the  sphincters. 

atphal  had  already  emphasized  this  point.     As  regards  special  de- 

lils  and  variations  in  the  course  of  the  disease  the  reader  is  referred 

the  above-mentioned  clinical  histories  and  to  the  writings  of  West- 

)hal  and  Leyden.     It  has  teen  the  custom— this  is  esiiecially  true  of 

llieyden — to  apply  the  term  atiixia  to  the  mok)r  disorders  of  dissenii- 

ated  encephalomyelitis.    This  term  should  be  employed  with  reserve, 

luse  the  disorders  are  in  reality  very  complicated  and  are  composed 

fessentiaUy  of  two  factors,  which  may  also  occur  separately.     For  ex- 

[ Ample,  the  gait  mny  l>e  exactly  like  the  ataxic  gait,  as  in  Case  HI,, 

[except  that  the  tottering  is  still  more  marked  than  in  tal>es;  in  other 

cases  the  gait  is  mure  paretic.     It  is  often  tyi>ically  spastic,  ho  that 

at  every  step  there  is  an  elevation  upon  the  tips  of  the  toes,  and  the 

tremor,  which  finally  attacks  the  entire  body,  at  first  is  composed 

solely  of  these  contractions  of  the  calf  muscles.     In  the  recumbent 

posture  the  tremor  predominates  in  movements  of  the  legs,  but  ataxic 

symptoms  are  by  no  means  entirely  al*sent.     The  symptom  known  as 

static  ataxia  is  especially  apt  to  be  present.     In  our  crises  the  motor 

disturbance  of  the  arms  consisted  of  almost  pure,  coarse  intention 

tremor ;  the  ataxic  element  was  very  slight.     The  latter  predominated, 

on  the  other  hand,  in  WestpliaVs  cases.     This  is  alst*  true  tif  the 

bremor  of  the  head,  which  was  exactly  like  that  of  iuiiltii)le  sclerosis. 

Id  brief,  we  find  most  fretjuently  a  mixture  of  typical  tremor  and 

ataxia,  often  also  paresis.    In  other  cases  one  of  these  sym|ttoms  may 

occur  singly.     The  writer  cannot  refrain  from  pnintiuj^  out  that,  ns 

first  noted  by  him,  it  is  sometimes  very  difficult  to  distinguish  ataxia 

and  intention  tremor  from  one  another.     As  the  myelitic  ftx'i,  ])arti4'u- 

larly  those  in  the  brain,  may  vary  greatly  in  location  in  the  individual 

cases  of  this  disseminated  form,  the  symptoms,  as  a  matter  of  course, 
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wQl  dsamry.     In  some  the  tremor,  in   others  the  ataxia  will 
Poie  ataxia  is  r^^r,  as  is  shown  by  the  afaeence  ni 
of  Hie  feeHiig  of  position. 

As  alreadj  remarked,  there  was  no  disorder  of  intelligence  in  < 
cases,  apart  from  those  seen  in  the  severe  initial  stage.     This  < 
goishes  them  &om  progreesiTe  paralysis,  in  which  extreme 
resembling  intention  tremor,  also  occurs.    In  seTere  cases  the  i 
speech  may  develop  fax>m  complete  motor  aphasia. 

The  coarse  and  termination  vary  greatly.  Thus  in  Case  L 
there  was  rapid  and  complete  recovery ;  in  the  briefly  reported  om» 
following  pertnssis,  recovery  occurred  after  a  long  time.  In  oth^ " 
(Case  ill  )  certain  symptoms  remain  |)ermanently ;  this  seein- 
especially  true  of  the  speech  disturbances.  In  a  third  series  (Oi« 
n. )  periods  of  improvement  and  relapse  alternate.  Death  is  ha; 
outside  of  the  first  stage  in  which  an  accurate  diagnosis  is  foj 
difficult,  or  it  is  the  result  of  complications. 

The  clinical  hif^tory,  especially  in  the  second  stage,  simulate  Art 
of  acute  mnltiple  sclerosis.  Even  in  multiple  sclerosis  there  miTbi 
acute  onset  and  exacerbations,  but  we  usually  have  to  deal  here  witi 
individual  symptoms.  Multiple  sclerosis  is  not  attended  hj  tk 
%  iolent  oDset  of  an  affection  o£  the  entire  ner\'ous  system.  NeTerth^ 
less,  Marie  is  inclined  to  assume  a  direct  transition  of  acute  diMes- 
inateti  scleroaij*  into  mnltiple  sclerosis.  It  mttst  be  remembeivi 
however^  that  such  a  course  has  not  l>6en  clinically  observed  and  that 
as  Ley  den  remarks,  disseminated  encephalomyeUtis  has  no  tendeoer 
to  further  eittension. 

Diagnosis. 

We  will  first  discuss  acuie  or  subacute  transverse  myelitia.  HI 
cliDical  hist^iry  sketched  above  develops  in  an  acute  or  sn 
manner,  it  is  especially  characteristic  in  the  grouping, 
and  gradual  extension  of  the  symptoms,  and  the  diagnosis  of  diSMiirf 
the  t^i>iiiHi  cord  will  be  tiuite  easy  and  comparatively  safe.  The  calf 
difficulties  (but  they  are  often  insurmountable)  arise  when  we  atteoi|i^ 
to  make  the  diaguosis  of  a  true  inHammatory  affection— of  a  myelilii 
ill  the  Htrii'ter  sense.  Here  the  etiological  factors  are  the  mc3d  inh 
portant  in  diagnosis.  If  an  acute  spinal  para' 
infections  disease  or  poisoning — all  the  abovp 
t^^jxieiiiiafi  aod  probably  many  others  must 
inflammatory  character  of  the  disease  is  qu 
no  dmibt  r>f  its  localization  in  the  spinal  t 
deal  witli  a  tnie  myelitis.  A  difficulty  iP 
differentiation  of  transverse   mvelitis  fr 
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Bnch  as  the  latter  is  bIho  especially  apt  to  oe-cm*  aft^r  infections  and 
atoxieatioBS.  Such  differentiation  may  be  impossible  in  some  cases* 
is  is  evident  when  we  remember  that  clinical  obsenations  show 
le  frequent  combination  of  myelitic  and  neuritic  {laresis,  and  that 
3Dt  exact  anatomical  investigations  have  proven  that  the  cord 
irely  is  entirely  intact  in  multiple  neuritis.  Differential  diagnostic 
itores  may  be  presented  by  the  entire  clinical  history  and  by 
:;ial  individual  symptoms.  In  the  first  resiieet  dorsal  myelitis,  for 
example,  pr<?sents  hardly  any  diagnostic  difficulties.  It  is  true  that 
le  tendon  reflexes  may  also  be  exaggerated  for  a  time  in  neuritis, 
contracture  of  the  legs  does  not  *x^cur.  As  tlie  latter  s,>'mptom  is 
found  in  cen'ical  myelitis,  this  may  be  mistaken  for  a  neuritis  of 
le  bracliial  plexus,  but  only  so  long  as  the  myelitis  is  confined  to 
le  gray  matter.  Here  pupillary  and  [laliiebral  fissui-e  symptoms 
Iwould  favor  the  diagnosis  of  myelitis.  It  is  oft^n  diflicult,  if  uot 
limpossible,  to  diatingnish  a  neuritis  of  the  lumUisacral  plexus  from 
ra  lumbar  myelitis.  Features  common  to  botli  affections  are  the 
iflaccid  paralysis  with  atrophy  and  degeneratir>n  reaction  of  the 
Imuflclea,  absence  of  the  tendon  reflexes,  symmetry  of  the  paral\'- 
IseB,  BB.A  iierhaps  their  restriction  to  the  lumbar  or  sacral  plexuses. 
I  As  a  general  thing  the  initial  pains  in  neuritis  are  more  persistent 
land  violent  than  in  myelitis,  and  tenderaess  of  the  i>eripheral  nerves 
pressure  is  not  present  in  myelitis.  On  the  other  hand,  nna^s- 
fthesia  is  barely  indicated  in  neuritis,  l>edsores  do  not  form,  and 
(bladder  disorders  are  extremely  slight.  The  differential  factors 
'  during  the  develojiment  and  course  of  tlie  disease  are  the  following : 
[while  transverse  myelitis  often  begins  in  an  a])oplectiform  manner, 
tiieimtis  develops  sulmcutely  with  the  exception  of  rare  cases;  in  the 
flatter  affection  tlie  paralysis  begins  a  considerable  time  after  the  irri- 
ive  symptoms,  esj>ecially  the  pains.  The  diagnosis  is  jrositive  in 
[>rof  myelitis  when  the  disease  l>egins,  for  example,  with  paralysis 
Fof  the  bladder,  which  hardly  ever  fK^ciii^  in  neuritis.  Recovery  is 
[extremely  rare  in  myelitis;  in  multiple  neuritis  it  is  a  frequent  ter- 
fmination.  Lumbar  myelitis,  which  gives  rise  to  especial  difticulties  in 
[differential  diagnosis,  almost  alwa,^'s  has  an  unfavorable  termination. 
Hence  if  neuritis  can  be  excluded  iu  an  acute  or  subacute  para- 
"-  ->aralyais,  and  the  etiological  factoi-a  which  enter  into  both 
B  uresent,  the  diagnosis  of  true  myelitis  may  l^e  made. 
"•^Iv  different  and  much  more  difficult  when  these 
1  factors  are  wanting.  Here  the  greatest 
the  differentiation  from  hemorrhage  and 
cord.  In  hemorrhage  the  diagnosis  is 
aneous  hemorrhages,  which  resemble 
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cerebral  apoplexy,  are  very  rare  in  the  cord.     The  most  freqneoii 
extensive  traumatic  liemorrhages  coiifined  to  the  gray  maltei. 
the  history  of  the  case  facilitates  the  diaguosis  of  a  hffimatomj 
or  i>erhaps  a  hfemat^Drrhachis.      In  the  latter  event  the  paiw  i 
rigidity  of  the  back  exhibit  a  severity  uhich  is  rare  in  myelitis. 

Much  more  important,  but  also  much  more  difficult,  isthediffei 
tiation  of  acute  myelitis  from  those  vascular  Roftenings  wbidi  uf 
due  in  rare  cases  to  embolism,  and  more  frequently  to  thrombodi. 
We  have  explained  at  sufficient  length  that  these  eases  are  frequent  ill 
that,  in  particular,  the  so-called  acute  Bvphilitic  myelitis  is  usittUv 
of  thrombotic  origin.  Thrombotic  softening,  de|>endent  on  iwaaiu 
disease,  may  ako  develoj)  subacutely,  when  8mall  vessels  are  slovli 
occluded  in  succession-  That  the  differentiation  of  these  caaes  bm 
acute  myelitis  in  not  possible  according  to  present  notions  is  ap^iAWit 
from  the  fact  that  the  theory  of  myelitis  is  based  almost  exclonvil; 
on  the  observation  of  such  cases.  We  believe,  however,  that  &  eonfrt 
opinion  will  lie  reached  if,  in  acute  paraplegia8  of  syphilitics,  ii 
which  all  prodromes,  especially  pains,  have  been  absent,  we  9a«peel 
vascular  softening.  The  termination  will  usually  confirm  the  camrf- 
ness  of  this  view,  because  in  these  vascular  cases  iuunctiniis  trU 
uaturally  prove  as  useless  as  in  the  analogous  affection  of  the  bruJi 

Iiesiona  which  compress  the  cord— caries,  tumor  of  the  spi]tt,Md 
intravertebral  tumors — are  mainly  apt  to  be  mistaken  for  chronic oty*- 
litis.  But  the  sudden  siuking-in  of  the  spine  in  ca^e^  of  caries  audi 
tebral  tumors,  and  the  acute  oedema  in  those  of  intravertebral  \ 
mRY  give  nse  suddenly  to  paraplegias  at  a  time  when  the  troe  \ 
of  the  primary  diseaH©  is  not  clear.  As  a  general  thing,  howftn^l 
deformity  will  be  demonstrable  io  diseases  of  the  spine,  audi 
of  the  meninges  will  usually  have  been  preceded  bv  a 
|)eriod  of  root  symptoms. 

It  is  hardly  possible  to  mistake  acute  myelitis  for  me 
l3ecause  clinically  we  scarcely  ever  find  primary  spinal  meliiBgi6^' 
and  tuberculous  and  purulent  forms,  althaugh  they  extend  to  the  cari 
also  involve  the  cerebral  meninges  and  thus  exclnde  the  diagsooi 
of  myelitis.  Syphilitic  meningomyelitis  may  occasionally  es^ 
acmtely  to  the  cfjrd,  but,  as  in  tumors  of  the  membranes,  root  ij 
toms  have  usually  been  present  for  a  long  time,  Tl 
be  decided  1>y  the  history  and  the  results  of  treatmen 

Hysteria  produces  clinical  pictures  which  are   mc 
us  of  chrxmic  myelitis,  but  in  rare  cases  a  symptoi 
develop  acutely  whicli  may  arouse  the  suspicion  of  i 
ample,  a  spastic  ]>arai)Iegia  with  contracture  and   ij 
It  would  carry  us  too  far  to  mention  all  the  difft 

k  _ 
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Uenallj  the  etdoiogical  element  in  hvBteria  is  psychical ;  the  aneeB- 
tiiefiia  which  may  be  present  exhibits  eharacterlBtic  boundaries ;  the 

Qcmtractures  are  excessive  while  the  tendon  reflexes  are  not  so  jiro- 
notinced;  the  clonus  i^  not  so  protracted  as  in  organic  disejises;  cys- 
titis, decnbitus,  muscular  atrof»hj,  and  degeneration  reaction  are 
wanting.  Hence  the  diagnosis  of  acute  transverse  myelitis  is  to  be 
made  when  etiological  factors  which  favor  inflammation  attend  the 
z&pid  development  of  (>araplegic  symptoms  and  multiple  neuritis  can 
be  excluded.  If  tliese  eti<:>logical  factoi-s  are  lackingj  the  diiTereutia- 
tion  from  acute  compression  is  usually  easy ;  but  that  from  vascuhir 
softenings  is  diflicuU  aud  often  inj[  possible.  In  sy]>hilia  acute  vas- 
enlar  softening  of  the  cord  is  by  far  more  frequent. 

Everything  has  been  said  ab<jve  concerning  the  segment  tliag- 
It  may  here  be  mentioned  that  when  the  disejise  iuvolves  rmly 
part  of  the  transverse  section,  the  general  as  well  as  the  segment 
agnosis  of  mjf  elitis  Wcomes  diflicult.  The  clinical  pictures  of  other 
ific  forms  of  cord  inflammation,  for  example  anterior  [jolinmye- 
,  or  obscure  symptom  complexes  will  then  be  |)roduced.  Ah  a 
►iter  of  course  we  cannot  dirtcuHs  all  the  posnibilities. 
Before  making  a  diagnosis  of  vhmnic  transverse  myelitis,  which  is 
extremely  rare  disease,  all  other  possibilities  must  \m  excluded. 
,e  diagnonis  of  a  chronic  myelitis  is  most  i^lausible  when  it  follows 
disease  which  is  i>ositively  known  Jis  an  lunite  Kjniial  iniiaiumation. 
this  is  not  true,  we  must  exclude,  on  account  of  tlieir  relative  fre- 
ency,  the  chronic  comjiressioDS  of  the  cord,  the  most  frequent  of 
which  is  that  due  to  sivinal  caries.  As  a  matter  cjf  cnurwe  only  th<we 
canes  need  be  considered  in  which  the  morbid  symptoms  ou  the  iiart 
of  the  spine  are  slow  in  developing.  Such  crises  are  hy  no  means  rare 
and  then  nothiug  remains  except  to  make  a  pnnisiona!  diagnosis  of 
chronic  myelitis.  This  is  alsf»  true  of  the  much  rarer  ctuiipressinn  by 
liunors  of  the  vertebrae  and  spinal  meninges  and  by  imcliymeniugitis — 

Epecially  hypertrophic  cen'ical  pachymeniogitis.     All  tliese  diseases 
,11  hardly  be  mistaken  for  myelitis  when  they  run  a  so-called  clansi- 
1  course,  but  they  may  deviate  so  much  from  their  cluiracteristic 
symptoms  that  it  is  impossible  U^r  a  long  time  to  distiuguish   them 
from  a  simple  chronic  myelitis.     Id  such  dijubtful  cjises  it  is  always 
>rtjint  to  examine  the  sjiiue  rei>eatedly  ftjr  deformity  ^^v  local  teu- 
less.     For  an  ac^count  of  tlie  more  si>ei'ial  s\  mptonis  we  refer  to  the 
ons  on  caries  of  the  spine  antl  spinal  tumiu*s. 
tmong  the  diseases  of  the  spinal  cord  itself  the  differential  diag- 
\  must  take  into  consideration  ByriugomyeHa,  so-called  rumbiiied 
m  diseases,  and,  above  all,  multiple   sclerosis.     Syringomyelia, 
h  was  formerly  regarded  ajs  a  periepend>  lua!  or  cavitary  mye- 
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litis,    can  be  mistaken  for  myelitis  only   in  casce  in  which 
example,  wlieD  the  cavity  is  located  in  the  doiBai  cord)  the 
symptoms  cooBist  in  the  main  of  a  spastic  spinal  paralysis,  uid  li 
characteristic  sensory  disturbances  are  not  distinct.     The  iad  i 
some  cases  of  combined  system  disease  cannot  be  distingoiBhed  1 
chronic  myelitis  is  evident  from  the  statement  of  Leyden  and  ' 
acheider  that  many  cases  are  really  instances  of  chronic  myehtis;  I 
symptoms  often  exhibit  the  characteriBtics  of  a  diffuse  disease  oft 
cord.    But  generally,  as  Oppenheim  has  emphasized,  multiple  e 
is  wrongly  regarded  as  a  chronic  myelitis.     Every  observer,  on  c 
invf^stigatiou,  finds  an  increasing  number  of  eases  of  multiple « 
in  which  the  first  symptom  developed  acutely,  and  myelitis  is  i 
readily  excluded,  ©specially  when  this  first    symptom,  as  m  i 
happens,  was  an  iuflammation  of  the  optic  nerve.     But  this  doMi 
liappen  in  all  cases.     An  insidious  slow  onset  and  progress  of  illt 
symptoms  are  also  frequent  in  multiple  sclerosis.     A  confasioni 
chrouic  myelitis  arises  in  cases  in  which,  while  foci  are  preeeoliai 
brain,  they  do  not  give  rise  to  distinct  symptoms,  or  when  (as  I 
in  very  rare  cases)  multiple  sclerosis  appears  anatomically  b  i 
Hliape  of  a  diffune  affection  which  is  confined  to  the  spinal  corf. 
all  these  doubtful  cases  we  shall  often  hit  the  nail  on  the  headbf  i 
ing  a  diagnosis  of  multiple  sclerosis  rather  than  of  myelitis.    Ch 
syphilitic  meningomyelitis  may  be  distinguished  from  aiiiiplec 
myelitis  b^v  the  previous  history  and  the  final  outcome.     Inthestfl 
the  tlisease  is  very  rarely  confined  to  the  spinal  cord  and  still  i 
rarely  to  one  spot  in  the  cord.     The  cases  are  much  morefreqwflki 
which  the  symptoms  indicate  manifold  foci,  and  usually  intliel 
as  well  as  the  cord. 

Formerly  chronic  multiple  neuritis  was  often  mistaken  for « 
myelitis;  the  reports  of  cases  of  chronic  myelitis  terminilusf  i 
recovery  probably  depend  in  part  upon  this  mistake.  Thediffa 
tiMl  poiutrt  in  the  diagnosis  of  acute  neuritis  and  myelitis  ha^f  I 
given  above,  aud  rtiufatis  mfifandh  they  may  l>e  applied  to  ( 
cases.  We  have  already  said  that  hysteria  may  also  simulate  a  c 
myelitis.  Here  the  differentiation  may  be  difficult  even  for  thee 
the  important  factors  have  been  mentioned  under  the  heading  of  i 
myelitis. 

Lffiitirif\H  pnntbjsw   has    such    characteristic   syi 
rectjguition  does  not  offer  the  slightest  difficulty.     I 
ever,  and  oft^n  impossible  to  distinguish  the  perip] 
paralysis   from  the  central  va^iet\^      The  term: 
almost  always  appears  to  be  decisive  in  favor  of 
In  addition,  a  slow  course,  severe  pains,  and. 
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the  nerves  on  presBure  favor  the  diagnosis  of  the  latter  variety ; 
is  also  true  of  atrophy  and  dii^tiDct  electrical  disturbances  of  the 
IHficles.  After  alcoholic  excesfies  the  peripheral  form  is  undoubtedly 
frec^uent  than  the  central. 
Disaemimded  mcephahmyeKtis  also  exhibite  such  a  well-defijied 
:'ter  in  its  etiology,  symptoms,  and  course  that  the  diagnosis 
be  called  an  easy  one.  In  the  first  stage,  however,  with  its 
rere  general  and  mental  symptoms,  a  ijoaitive  diagnosis  may  be 
I  possible.  If  we  are  brought  face  to  face  with  the  fulh'  developed 
iptoms  of  the  second  stage  and  know  nothing  of  their  mode  of 
?t,  it  is  naturally  possible  to  mistake  the  dise^ise  fcjr  multiple 
lerofiis.  If  Marie  were  correct  in  his  opinion  that  these  ai*ute  forms 
pass  into  true  multiple  sclerosis,  this  would  not  be  a  mis- 
te^  but  such  a  transition  has  not  been  clinically  observed.  Until 
lis  is  done  it  is  better  to  regard  disseminated  encephalomyelitis  as 
special  disease  which  has  no  tendency  to  progress  and  is  distin- 
lished  from  multiple  sclerosis  by  the  sudden  onset  of  all  the  8ymi> 
>ins  at  once,  following  directly  an  infection  or  intoxication. 

Cases  of  disseminated  encephalorayelitis  with  impaired    intelli- 
^nee  may  be  mistaken  for  general  paralvHiH.     In  the  latter  affection 
le  tremor  may  be  as  pronounced  as  iu  the  former;  in  not  a  few  canefl 
Mesis  is  mist^aken  for  multiide  sclerosis.     In  encephalomyelitis  the 
iementia  is  never  progressive;  tlie  absence  of  syphilis  al«o  weighs 
ivily  against  the  diagnosis  of  general  x>aralysis. 
The  extremely  rare  ataxia  (pseudotabes  perii)herica)  which  is  due 
neuritis,  can  hardly  be  mistaken  for  the  central  variety.     As  com- 
plete restriction  of  peripheral  neuritiH  to  the  sensory  nerves  hardly 
wer  occurs,  careful  observation  will  disclose  muscular  paralyses  with 
itrophy  and  electrical   disturliances.     Furthermore,  the   tendon  re- 
lexes  are  absent;    the  patients  siifTer  from  pains  and  amesthesia. 
these  symptoms  are  absent  in  disseminated  encephalomyelitis, 
f peripheral  i>seudotalTes  the  disturljances  in  movement  consist  of 
pure  ataxia;  intention  tremor  is  wanting.     A  feature  conimon  to  Imth 
BS  is  their  occurrence  after  infectious  diseases  and  intoxications. 

PHotmosis. 


36  prognoflis  of  acute  transverse  myelitis  is  very  serious  and 

'B  doubtful.      In  many  cases,  perhaps  in  the  majority,  death 

inevitable  termination.     This  may  occur  in  the  acute  stage, 

^r  tlie  beginning  of  the  disease  or  oiil\  after  prolonged  suffer- 

former  event  occurs  particularly  in  tlie  cases  known  as 

issima  in  which  the  disease  extends  rapidly  over  large 
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parts  of  the  transverse  and  longitudinal  sections  of  the  cofd. 
in  which  the  paralysiii  runs  an  ascending  course  are  esp 
dangerous.  If  death  does  not  enBue,  the  moet  varied  terminati 
are  poseible.  Most  frecjuently  there  is  considerable  improre 
but  this  remains  imperfect.  It  ia  rare  that  the  disturbance  ol 
tion  remainB  the  same  as  at  tlie  height  of  the  disease,  and  still 
is  the  termination  in  complete  recovery.  More  8i>ecial  data  < 
ing  the  prognosis  of  individual  cases  can  hardly  be  furnished, ; 
it  is  sciircely  possible  to  make  a  general  prognoais  in  regard  to  lik  or 
complete  or  incomplete  restoration  to  health.  The  following  geuenl 
viewpoints  may  serve  as  a  guide  in  the  prognosis :  (1)  The  mtndi^ 
of  the  development  and  extension  of  the  disease ;  (2)  the  level  of  I 
lesion ;  (3)  the  causal  factor ;  (4)  the  absence  or  presence  of 
complications,  particularly  decubitus.  As  a  matter  of  couree 
four  factors  cannot  be  separated  sharply  because  they  partly  iovo 
one  another.  Let  us  examine  these  conditions  a  little  more  do 
The  acute  onset  of  the  disease  has  a  bad  prognostic  sigmfic 
wlien  assc3ciated  with  rapid  and  diffuse  extension  along  the  buDsnosi 
and  longitudinal  sections.  But  if,  on  the  other  hand,  the  svmpiiMiw 
indicate  the  affection  of  a  small  section  of  the  cord»  esjiecially  an  ib- 
complete  transverse  section,  the  prognosis  is  relatively  favorable  ^hh 
the  inflararaation  begins  verj"  acutely.  In  such  cases  the  procw 
usually  comes  rapidly  to  a  standstill,  ivhile  the  cessation  of  the  pro 
gress  can  never  be  told  when  it  spreads  slowly  and  more  snbacutely. 
The  prognosis  becomes  much  more  serious,  whatever  the  level  of  ti^ 
disease,  if  the  entire  transverse  section  is  involved,  ti  these  cases  tb^ 
sensory  disturbance  below  the  lesion  is  complete,  so  that  the  danger  d 
bpdsiires  is  much  greater  and  the  disorders  of  the  bladder  and  tedbam 
are  also  especially  severe. 

In  regard  to  the  second  factor,  viz.,  the  level  of  the  disease,  the 
most  favorable  prognosis  is  offered  by  cases  of  circumscribed  and  not 
total  transverse  dorsal  myelitis.  In  these  cases,  w^hich  are  fortn- 
uately  the  m<ist  frec|uent,  the  improvement  is  often  very  marked.  So- 
called  spastic  paresis  is  generally  left  over ;  the  paresis  and  spiso 
are  often  very  slight  and  only  the  permanent  clonus  of  the  teadoo 
reflexes  indicates  the  previous  existence  of  myelitis.  Usually,  how- 
ever, vpry  slight  vesical  symptoms  are  also  present. 

In  lumbar  myelitis  the  vesic^il  and  rectal  disorders 
pronounced  and  hence    cystitis^   with   its  dangerou 
decubituH  are  mucli  more  fretjuent.      Death  usual] 
comi>aratively  sliort  time,  and  in  the  rare  CAses  in  i 
served  the  paralysis  remains  flaccid  so  that  the  abi 
restored,  as  iu  dorsal  myelitis. 
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The  most  dangerous  form  is  cervical  mjelitis.    If  it  extends  to 

be  plireiiic  nocleua  and  is^  in  a  measure,  transverse,  so  that  the 

tboracic  respiratory  muscles  are  ])aralyzed,  death  is  inevitable.     If 

he  patient  e8cai>es  with  life,  atrophic  paralyses  persist  in  the  arms 

addition  to  sxjantic  paralysis  of  the  legs,  ie,j  the  ability  to  work  is 

dmost  entirely  abtilished* 

Imiwrtant  prognostic  data  are  also  supplied  by  the  etiology.  Pick 
remarked  and  Oppenheim  strongly  emphasizes  the  fact  that  cases 
ith  an  undoubted  infectious  etiology  offer,  on  the  whole,  a  relatively 
ivorable  prognosis*  He  refers  partietilarly  to  the  good  prospects  of 
"ecovery  in  gonorrhceal  myelitis  (this  is  frecjuently  a  meningomye- 
litis)*  A  jfriori  it  is  not  improbable  that  the  cases  of  myelitis  will 
isorrespond  to  the  varying  degree  of  danger  of  the  primary  infections, 
the  level  and  extent  of  the  disease  also  being  taken  into  consideration. 
Thus,  it  is  easily  understood  that  myelitis  as  the  result  of  tnljerculosis 
has  a  very  serious  prognosis.  To  the  comparatively  favorable  course 
of  acute  transverse  myelitis  aft^r  infections  is  probably  due  the  fact 
that  eases  attended  with  very  severe  pains  usually  permit  a  favorable 
prognosis.  The  pains  indicate  a  combination  with  neurifcis  and  the 
(latter  is  especially  fretjuent  after  infectious  diseases. 
1  As  a  matter  of  course  the  age  and  general  condition  of  the  patient 
mi  the  beginning  of  the  tlisease  exert  a  very  considerable  influence  on 
Ihe  prognosis.  The  tendency  to  a  fatal  termination  is  least  during 
childho<xL  Very  great  importance  attaclips  to  satisfactory  nursing, 
e8i>ecially  when  death  does  not  occur  during  the  first  stage,  and  a 
long,  severe  sfiell  of  sickness  follows.  The  third  important  prog- 
nostic factor,  viz,,  the  complications  (bedsores  and  cystitis)  depends 
mainly  upon  the  nursing.  The  latter  determines  wliether  these  com- 
plications will  develop  or,  at  least,  whether  they  will  attain  a  degree 
which  threatens  life. 

The  prognosis  of  chronic  myelitis  is  more  serious  than  that  of  the 
acute  form,  liecanse  the  disease  almost  always  advances  uninter- 
ruptedly ancl  finally  destroys  vital  centres  or  leads  to  death  from 
marasmus.  A  standstill  CK^easionally  occurs  and  then  the  prognosis 
depends  upon  the  amount  of  destruction  in  the  cord.  Termination 
in  recovery  should  always  arouse  tlie  Rusjiicion  of  a  wrong  diagnosis, 
particularly  of  confusion  with  neuritis  or  with  compression  of  the 
rd  in  cases  of  spinal  caries. 

Landry's   jmralyms   with    central    localization    almost    certainly 

oves  fatal.     The  diagnosis  is  a  sentence  of  death.     We  should  give 

»  cautious  prognosis,  however,  l>ecause  the  differpntiation  of  central 

from   peripheral   ascending    paralysis   is  not  always  possible  and 

recovery  often  occurs  in  neuritis. 
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On  the  other  hand  the  prognoais  of  acute  disseminated  erwt 
myelitis  is  very  favorable.     Here  we  must  consider  the  u^uallj  < 
tinct  infectious  etiology  and  also  the  fact  that  the  disease 
occurs  in  youth,  often  iu  childhood.     Death  oc^rurs,  if  at  all,  in 
first  stage,    which   is   obscure  in  regard   to  diagnosis.     Comph 
or  nearly  complete  recovery  is  frequent,  but  there  is  a  tendencv  to  re- 
lapses*    Here  also  the  prognosis  of  the  nervous  disease  may  < 
spond  to  that   of   the  primary  infectious  disease.     I  observe 
plete  recovery  after  varicella  and  pertussis,  and  partial  recovery  j 
scarlatina.     As  a  matter  of  course,  the  extension  of  the  disease  i 
also  be  considered.     The  prognosis  would  l>e  different  if  these  < 
often  passed  into  multiple  sclerosis,  but  this  sequence  haa  not ; 
been  proven, 

Tbeatkent- 

The  treatment  of  acute  transverse  myelitis  naturally  Ls  di^ 
into  two  sections :  (1)  The  treatment  of  the  disease  during  its  d 
ment  and  at  its  height ;  and  (2)  the  treatment  of  the  period  of  ood- 
valescence  and  of  the  permanent  sequels.  As  the  treatment  of  tlse 
second  half  of  acute  transverse  myelitis  is  hardly  different  from  tliil 
of  the  x>rimarily  chronic  form,  it  will  be  discussed  later  in  deseriUflg 
the  treatment  of  the  latter  affection,  and  we  shall  confine  ourselveg  far 
the  present  to  the  consideration  of  intervention  in  the  first  stigB  rf 
acute  transverse  myelitis. 

Is  there  a  prophylaxis  of  acute  myelitis?  This  can  only  proeeed 
from  a  knowledge  of  the  etiological  factors.  We  know  that  to 
disease  occurs  mainly  after  infectious  diseases  and  intoxicatioiB. 
The  prophylasiis  would  then  be  directed  towards  minimizing  iktst 
two  causes  as  much  as  possible ;  in  regard  to  intoxications,  this  sub- 
ject possesses  intimate  relations  with  the  hygiene  of  trades  And 
foods.  Moreover,  hh  the  possibility  of  an  invasion  of  the  spinid  corf 
is  ])re8eut  iu  almost  all  infectious  diseases,  the  greatest  caution  an<j^ 
be  exercised  in  these  diseases.  For  example,  the  patients  mtml  t^| 
warned  a^^ainst  bodily  exertion  during  convalescence,  inasmuch  10 
this  may  poHsibly  convert  the  cord  into  a  lociis  mifioris  resistentifr. 

Formerly  the  alxirtive  treatment  of  myelitis  was  much  didcisif4 
and  Erl)  and  Gowers  still  mention  it*     As  a  matter  ^ 
impossible  io  very  acute  cases,  while  in  those  which  h 
acutely  it  may  possibly  be  useful  if  employed  very  e 
question  arines  whether  any  remedies  can  prevent  a 
is  already  developing,  and  then  again  who  would  ve: 
positive  diagnosis  of  myelitis  at  such  an  early  stj 
possess  no  means  of  judging  of  the  value  of  the  tre 


[Und,  if  the  latter  ahould  be  followed  by  r^overy,  we  would  often  be 
I  justified  iu  excluding  myelitis-  For  all  these  reasons  we  may  emiiloy 
[in  abortive  treatment  Oiily  such  measures  as  cjuinot,  at  least,  do  any 
The  best  measure  would  be  diaphoresis  with  hot  paii^ks,  aa 
)  are  justified  iu  assuuxicg  that  a  favorable  effect  may  be  produced 
Yigorous  diaphoresis  in  infectious  diseases. 

At  the  hei|;lit  of  the  disease  the  main  object  of  the  phywiLuan 
Ifihould  be  U>  secure  the  best  possible  care  of  the  ijatient.     Tliis  is  not 
[b  triiliyg  matter.     By  a  careful  suj^oiTinion  of  all  details,  even  those 
lof  an  appareutl\  tritUug  character,  the  irhysiciau  V4\ii  often  do  much 
E^n^ice,  and  above  all  ho  can  i>reveut  harm.     From  tljo  very  beginning 
\ot  tlie  disease  the  juitient  requires  rest  in  lj43d;  at  the  height  of  the 
thin  follows  of  itself.     The  re»t  in  l)ed  muHt  l>e  carried  out 
fBtrictly,  and  the  patient  may  not  be  removed  even  to  attend  to  the 
I  wants  of  nature.     The  aiTjmgenient  of  the  lied  itself  is  very  important. 
Upon  a  spring  mattress  is  placed  a  hair  mattrens  which,  for  conveni- 
tance  of  removal,  should  \m  mmle   of  several  }iarts,     U[iou  thi^  is 
[placed  a  linen  sheet,  and  then  a  large  waterimiof  cloth.     Tlie  middle 
land  lower  i>arts  of  the  patient^s  trunk  are  placed  from  the  start  ujion 
la  large  water  bag,  over  wliich  is  spreail  a  linen  cloth.     Tlie   [billows 
LBhould  alst>  l>e  made  of  horsehair.     F(»lds  in  the  iKHlding  shiiuhl  l>e 
jfoUy  avoided.     When  possible  two  l>eds  should  Imj  lie  jit  in  readi* 
a,  80  that  he  can  be  placed  iu  the  Si^cond  one  when  the  fimt  <ine 
made  up  or  when  it  has  been  Hoilod.     It  is  alsd  very  comforting 
[to  the  jiatient  Uy  be  x^l^^^'f'd  iu  a  frewh  ImmI  at  niglitfalL     If  two  rooms 
I  are  at  our  disjiosal  the  l:>eds  sliould  l)e  ]»l!U*ed  on  castors  so  that  they 
may  be  easily  rolled  from  one  ror^m  into  the  c»tlif'r.     The   patient 
sbould  not  constantly  occupy  the  same  j^jsition  in  bed;  he  shonki  lie 
changed  from  the  Imck  to  one  side  or  the  other  and,  if  ]K)Hsil>Ie,  oc- 
€3asionall\'  i<  i  the  alxlomen.     These  recommendations  ah  me  will  often 
[jBfoflBce  to  avert  the  greatest  danger  to  tiie  life  of  the  jiatient,  viz.,  bed- 
sores; in  addition,  the  mont  scrupulous  clt^aulinesH  is  necessary.     The 
cleanliness  is  iuterfered  with  to  the  greati^st  extent  by  the  fretpient 
disturlmnces  of  the  vesical  functions.     More  rarel}'  the  rei-tal  disturl>- 
ane^es   act   in  thiB   way.     The    most   careful    attention   is   netessary 
because,  in  the  most  severe  cases,  the  patient  hiuLself  dt>eft  urjt  notice 
the  soiling ;  when  this  takes  place  the  patient  and  the  bed  slu>nld  be 
eaned  at  once,  if  possible.     This  m  best  done  by  keeping  a  bath- 
(b  in  the  sick-room.     The  patient  is  iilaced  iu  the  tub,*  washed,  and 
3  bed  arranged  at  the  same  time.     The  aoiliug  of  the  bed  witli 
rine  may  often  be  kept  within  ceiiJiiu  limits.     If  tliere  is  w(^akness 
i  the  detrusor,  the  cathett^r  should  be  used  at  the  proper  time  when 
lere  is  complete  retention  of  urine.     This  also  holds  good  in  incou- 
Yot.  XJ— 49 
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tinenoe  because  the  bladder  contains  a  good  deal  of  nnjie  b  a 
iBchuria  paradoxa^  and  after  its  evacuation   the  incontiiKnn 
ceaseB  for  a  time.     In  the  Beverest  cases  of  vesical  panlf asvlMi 
sphincter  v^icte  can  retaiB  even  small  amoimts  of  unxie  fort 
period  only  and  the  urine  is  eacaiuug  almost  constautl.i ,  artificial 
ala,  into  which  the  penis  is  placed,  may  be  employ" ed  in  maleftin 
to  prevent  continued  wetting  of  the  bed.     It  must  bo 
however,  that  in  such  cases  decubitus  develops  not  infrequentlj 
the  glans  of  the  anaesthetic  penis  or  cedematous  prepuce, 
accidents  should  be  guarded  against  by  placing  cotton  bet¥t« 
glans  and  uriual  antl  frequently  changing  the  cotton.     Good 
have  not  yet  been  constructed  for  women.     It  is  best  to  place 
their  thighs  hirge  pledgets  of  cotton  or  pillows  of  moes,  and  to 
them  frequently. 

Soiling  witli  fieces  generally  occurs  only  every  few  days, 
there  is  usually  constipation  and  great  dryness  of  tlie  £iih:«s.    It 
often  be  preveuted  entirely  by  the  regular  removal  of  the  hard 
mansi^s  eiilier  niaunMlly  ov  by  means  of  iujeetions. 

Alcohiilif  lutions  for  the  back  are  very  jMipular  among  the 
At  all  events  they  do  no  harm,  especially  when  the  |)atient  is 
wine  kept  cloan. 

It  must  be  c<)iicededj  however,  that  decubitus  cannot  alwavs  l» 
prevented,  des[ute  the  careful  employment  of  these  measnra.  Wto 
decubitus  has  developed,  it  is  test  to  apply  borated  or  iodofonn  oiiil* 
meut  several  times  a  day  and  also  after  each  soiling,  mitil  tli€  g»ft* 
gi*enous  parts  have  been  exfoliated;  when  tlie  granakdoos  iit 
exposed  nitrate  of  silver  ointment  may  l>e  used.  With  careful  itttt* 
tion  in  cases  in  which  the  disease  in  general  has  a  tendeiscr  io 
iiu[)rove,  we  may  often  cure  deep  lieiisores  or  at  least  prevent  flieir 
extension.  We  shall  then  not  be  apt  to  oljserve  the  very  grate  dflo, 
fur  example,  tliose  atteuilod  with  erosion  of  the  verteliral  eolumiL 

Next  to  d*>cnbitus  the  life  of  a  patient  suffering  from  myelitiii 
most  threatLmeil   by    cystitis  and    its    sef[uelfiG,    pyelitis,  De 
and  imeniia.     If  a  patient  suffering  from  ischuria  paradoxa  and 
tinence  tjf  urine  is  not  properly   cared  for,  cystitis  will  ineti 
develop     The  urine  must  lie  evacuated  artificially,  usually  with 
catheter.     Everything  depends  upon  the  most  scnip 
of  this  instrument.     Metallic  catheters  should  be  pa 
aletjhol  flame  immediately   before   they  are  used;    - 
should  be  kF|>t  constantly  in  thr-ee-{>er-cent.   carbo^ 
Irrlgaiirtn  of  tlie  anterior  part  of  the  urethra  is  also 
cathetori/atioii,   in  order  that  infectious  germs  lai 
from  this  part  into  the  bladder.     We  believe,  howc 
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^  continued  paraljeia  of  the  bladderj  when  catheterization  is  necessary, 
cystitis  can  hardly  be  prevented.  When  the  bladder  can  be  exiiressed 
this  manipulation  ia  accordingly  indicated. 

A   cystitis  which  has  developed  may  be  relieved  by   irrigations 

of  the  bladder  with  four-per-cent,  boracic  acid.     Mineral  waters,  such 

hBS  those  of  Wildtingen,  Bilin,  and  Vichy,  may  also  be  giveii,  esiiecially 

|p  nephritis  is  threatening.     On  account  of  the  increase  in  the  amount 

of  urine  the  use  of  these  waters  will  still  further  increase  the  difficul- 

I  in  nursing. 

The  patient  should  be  weU  nourished,  but  as  a  matter  of  course 

must  avoid  food  which  is  difficult  of  digestion  or  excessive  in 

ouiit.     On  account  of  the  cystitis,  beer^  wines,  and  spices  should 

avoided. 

Only  the  well-to-do  can  Ije  cared  for  proj^erly  at  home;   other 
,tient«  should,  in  their  own  interests,  seek  admission  to  a  Imspitfd. 

In  regard  to  more  active  therapt^utic  [procedures,  the  lirst  recom- 
menclatinu  is  iiti  ttoctrt.  In  forme i"  times,  particularly  in  France, 
much  reliance  was  placed  ni>on  so-t-alled  autii)ldog<>sis.  The  intlam- 
mation  wjis  to  be  relieved  by  the  applicidinji  uf  ice  tu  the  spine,  of 
fCha[»nian'H  ice-bag,  or  by  derivative  meiusures,  inunctions  of  gray 
ointment  or  application  o(  iinline,  citiis,  or  th*3  vigorous  use  of  the 
actiud  cautery.  The  effect  of  all  theses  mi^astires  is  pruhlematical, 
and  the  more  vigorous  ones  among  them  luust  certainl.)-  be  discarded 
because  they  directly  invite  the  danger  of  decubitus-  A\e  would  \m 
jnu4st  inclined  to  use  iu unctions  of  gray  oiutmmt,  especially  if  there 
were  any  suspicion  of  syphilitic  nieniugomyelitis.  We  have  already 
ei pressed  our  opinion  concern i ng  the  us*^  of  dia] ^ht  tresis.  As  a  matter 
of  coui*se,  this  may  be  employed  ni>t  alone  as  an  abortive  measure  but 
aLso  at  the  height  of  the  disease. 

Not  much  can  be  i^xiJcctod  from  mediciuid  remedies  iu  myelitis, 
and,  unless  thert' are  pusitivi^  indications  f*ir  quiuine,  it  is  U^st  to 
dist-ard  them  eufcirely.  If  the  wliglitest  suspicion  of  syphilis  arises^ 
jK>tassiuni  i*jdide  or^  lifstter  still,  inereurv  nuist  at  once  be  adminis- 
tered vigorously.  It  mast  be  remembered,  ho\\'ever,  tliat  "acute 
syphilitic  myelitis"  is  almost  always  a  vascular  softening,  and  tbat 
restoration  of  the  iiarts  destroyed  by  the  softening  cannot  be  attained, 

the  most  we  can  only  prevent  the  further  extension  of  the  disease 

the  vessels. 

In  the  acute  stage  hot  baths,  especially  steam  baths,  should   be 

>ided;  warm  baths  may  act  favorably.     The  employment  of  elec- 
Ity  in  the  acute  stage  of  myelitis  is  a  useless  annoyance. 
Fhe  pains  must  sometimes  be  relieved  symptomatically,  and  since 
do  not  last  long  in  myelitis  wc  need  not  hesitate  to  ubo  nior- 
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phi  tie.    8(  liliaui  salic  \  late  may  also  be  irieil.    The  mus^i'uliir  imU 
ill  tLfc'.  le^H  aro  ufteu  very  cliHteHsiii^  and  can  liiiriUy  be  rplififiwi^ 
Warm  butli.s  perIiH|is  are  immt  UHpfal.     Hypunticb  mu&t  8on 
be  empliJ\  etl. 

It  in  evideut  tbat  tbe  pruaifecta  for  tlieraiHjatic  siiccestics  in  i 
myelitic  are  nut  very  promiaing.  Complete  recovery  occurs  in  i 
cftBea  and  more  fretiuently  there  is  very  considerable  bnpt 
but  we  would  be  inclined  to  attribute  these  favorable  ter 
rather  to  the  vlu  mcdleatrix  nahirce.  We  are  satisfied  when 
attention  |)la€6B  the  patient  in  the  most  favorable  |>osition  for  \ 
healing  action  of  nature*  As  a  matter  of  course,  Htill  lens  can  be 
ex|)ected  from  the  treatment  of  chronic  myelitis.  It  in  ciuul^ 
teristie  of  this  disease  to  progress  unintermptedly  and  fiiuillv  to 
prove  fatal  by  the  destruction  of  vital  centres.  Nevertheless,  ire  mir 
not  idly  fold  our  arms  but  must  employ  all  measures  wUcfa  n^j 
briiiK  i^^y  I'elief  to  the  imtient  or  which  offer  any  hope  of  effediof 
an  arrest  of  the  disease. 

In  the  treatment  of  chronic  mjelitis  as  well  aa  the  oonTalensI 
stage  of  ficute  myelitis,  we  lay  chief  stress  on  a  number  of  plijiidl 
methods,  balneotherapy,  hydrotherapy  in  the  stricter  sense,  anddvo- 
trotlieraphy,  the  latter  in  combinatton  with  gji^uastica  and  nuangik 
Wb  may  remark  here  that  the  ci'edit  enjoyed  by  these  meihodi  rf 
tniatmeut  must  1x3  attributed  to  the  results  obtained  io  the  contidfli* 
cent  Htagt\H  ui  acute  myelitis  rather  than  in  chronic  myelitis  propflr* 
Erb  has  made  the  mo^t  extensive  and  critical  stud^^  of  balnsotiienfyf 
aud  hydrotlierajiy  in  myelitis,  and  we  merely  rejjrodoce  here  hi 
Htatemoiits.  He  advises  against  the  use  of  indiiFerent  thermal  waleo; 
tliOHc  which  have  a  high  temperature  are  directly  dangerous,  parfi* 
larly  in  recent  canes  aud  in  ohl  ones  which  have  a  tendency  to  ^lawT- 
l>atious.  Much  more  favorable  are  the  results  with  cool,  carbooAkd 
baths,  for  example,  in  Oeynhausen  and  Nauheim.  These  baths  niij 
not  be  too  cool  uor  their  duration  too  long  and  the  amount  of  carfaook 
acid  ahould  not  be  too  great.  Sea-bathing  is  to  be  recommended  colt 
for  very  vigorous  individuals  when  recovery  is  pni^'tically  compldi. 
Erb  has  a  very  favorable  oi)iuion  concerning  hydrotherapeutic  roenfr- 
ures  in  myelitis.  Only  mild  forms  may  be  used— simple  packs,  k«M 
hatha,  and  witz  bathw*  Very  low  temperatures,  vigorom 
protnictiHl  appHcations  are  to  lie  avoided.  The  water  c 
be  continni^d  t(K>  hmg  without  interrui>tion»  It  is  pre 
it  after  a  while.  An  cBsential  element  iu  the  water  cnu 
in  the  appi^tite  and  the  stay  in  the  o\mn  air.  In  vie 
agreeable  personal  experience,  we  regard  steam  bath 
gerous  in  chronic  mycHtis. 
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■The  hopes  which  were  formerly  placed  in  the  electrical  treatment 

'  nt  chronic   myelitis  were  greatly    exaggerated.      Today   there  are 

probiibly  very  few  oeurologista  whi>  believe  in  the  direct  action  of 

I  electricity  upon  tlie  diseased  spinal  cord.     Nevertheless,  direct  gal- 

I  vanization  of  the  spine  is  the  best  method,  l>ecause  it  is  at  all  events 

linnocnons.     We  mnst  advise  against  faradization  of  the  paralyzed 

tpartB,  if  they  are  contractnred,  because  this  may  give  rise  to  annny- 

[ing  spasms.     In  like  manner  galvanization  sliouhl  be  ax>plied  very 

[c«ntioixsly  upon  anaBsthetic  parts,  on  account  of  the  possibility  of 

[producing  excoriations.     The  flaccid   paralyses  of  luraliar  myelitis 

[may  Vie  directly  trt^ated  with  electricity — preferably  witli  galvanism — 

[but  we  are  hardly  justified  in  attributing  favorable  results  to  this 

treatraent.     A  favorable  action  upon  weakness  of  the  Wadder  is  some- 

[  times  exerted  by  vigorous  direct  galvanization  of  the  vesical  region^ 

^  with  interruptions  and  changes  of  polarity. 

MaKsage  and  mild  gymnaHticfl  are  advisable  when,  as  happens 
I  chiefly  in  df>rsal  myelitis,  the  i>atieut  is  again  able  to  walk  and  suflfers 
only  from  s[>astic  paresis.  Great  caution  in  necessary,  aud  above 
I  all  exhanstiou  must  be  avoided,  bec*anse  this  is  apt  to  produce  a 
relapse*  Short  walks  with  frerpieut  peritFds  of  rest  are  the  form  of 
gymnastics  best  atlapted  to  the  jmtient^  frfim  a  menttxl  as  well  as 
physical  point  of  view.  Mercury  and  |>otassium  iodide  may  be 
employed  whenever  the  slightest  indication  exists.  A  trial  of  ni- 
trate of  silver  is  also  allowable.  In  the  convalescent  period  of  acute 
myelitis,  tonics,  such  as  iron,  quinine,  cod-liver  oil,  and  arsenic,  are 
indicated,  and  pariicnlarly  nourishiug  food.  The  patient  should  be 
in  the  open  air  as  much  as  posnible.  The  treatraent  can  best  \m 
carried  on  by  a  trip  to  a  well-condneted  sanatorium  in  a  mountainous 
region. 

Complications,  such  as  decubitus  and  cystitis,  are  treated  in  the 

same  wa^'  as  in  acute  myelitis.      We  must  be  more  careful  in  the 

administration  of  morphine  to  relieve  pain,  because  as  a  matter  of 

'  Connie  the  danger  of  producing  morphinism  is  greater  iu  chronic 

cases. 

In  Landn/s  pamhfms  of  a  central  cliaracter  rigorous  diaphoresis 
is  indicated.     On  account  of  the  danger  of   "sehlnck  jmenmonia/' 
ecial  consideration  must  be  ^laid  to  the  disorders  of  deglutition. 

Diaphoresis  is  also  indi^^ated  in  the  acute  stage  of  vtaephfth- 
^felitiA.  The  proper  nursing  of  the  patient  is  sometimes  rendered 
Scult  in  this  stage  on  account  of  the  delirium.  The  severe  choreic 
vements  may  give  rise  to  injury,  while  the  danger  of  decubitus  is 
I  l>ecause  anppfithesia  is  generallv'  alisent.  In  the  cjises  which 
idly  run  a  favorable  coui-se,   uothing  need  be  done  at  a  later 
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perioiL     Wlien  tbe  convalesceuce  is  delayed,  the  treatment  is  thi] 
same  as  in  other  forms  of  myelitis. 

ABSCESS  OF  THE  SPINAL  CORD. 

Circiimscriljed  coUectioDS  of  pus,  at  least  those  of  some  &ist^  »e 
extraordinarily  iufreqaent  in  the  spiiial  cord.  Ullmanii  in  1889  vm 
able  to  find  only  five  cases  in  the  literature  in  addition  to  the  one 
reported  by  biniBelf,  and  two  of  these  wi>uld  seeiD  to  Ije  rather  d«mbl- 
ful.  Since  that  time  only  a  very  few  inobited  caaes  have  bifli 
obser\^ed  (Eisenlohr,  Schlesinger,  Stemljerg,  Hf>men).  The  ptae» 
tical  importance  of  abscess  of  tbe  spinal  cord  is  for  this  reason  lOf 
slight,  aad  it  will  be  seen  to  be  8till  less  when  we  come  to  inqoiio 
into  tbe  etitjlogical  conditions  of  its  occurrence.  Grave  injmies  of 
tbe  spiual  cord  come  first  into  cou^sideration,  luid  her©  we  have  to 
deal  with  canes  in  which  there  is  an  extensive  injury  of  the  spinil 
cord,  following  fracture  or  luxation  of  tbe  vertobriB.  ProliaWj 
always  infective  germs  enter  tbe  8i>inal  canal  throut^h  some  lesiuu  of_ 
tbe  skin  ma*le  at  tbe  same  time,  and  we  nearly  always  find  itn 
cjuence  a  purulent  meningitis,  upon  which  tlie  occurrence  d  ; 
abscess  in  tbe  spinal  cord  dei»euds.  As,  however,  the  de 
lesicm  has  already  totally  abolished  tbe  function  of  the  coitl  tl  i 
injured  spot,  an  abscess  occnmng  later  at  the  same  point 
cause  the  ap|iearance  of  any  new  symptoms.  The  progno^i 
such  cases  will  also  hardly  be  modified  by  the  formatian  d  i 
abscPHS. 

Metastatic  abscesses  of  the  spinal  cord  have  been  observed,  asi 
the  cases  of  Nothnagel,  Eisenlohr  and  Homeo,  in  which  multiii 
abscesses  in  tbe  brain  and  spinal  cord,  accompanied  by  meningiki 
were  caused  by  a  putrid  bronchitis;  also  in  tbe  case  of  Ulhiiiim, 
w^bich  in  all  probability  represented  a  metastasis  of  a  gonorrli»**» 
and  which  also  was  complicated  Avitb  a  meningitis  in  two  easels  cf 
Sclilesinger  and  in  one  of  Sternljerg,  which  latter  was  due  to  a  pura- 
lent  cystitis.  Finally,  numerous  small  abscesses  in  the  cord  hi^? 
also  occurred  in  pya-niia  by  w^ay  of  metastasis,  Thiis  we  s«e  tltii 
tbe  abscesses  occur  almost  exclusively  as  complications  of  atliag»tt 
themselves  fatal  affections.  Tbe  abscess  is  fnrthc 
alwavH  cnnii>licated  with  a  meningitis. 

Small  jmrulont  collections  may  also  occur  in  the  coi 
of  eerel)rospinal  meuingitis.  They  may  not  produ 
fl initial  symptnras,  and  are  practically  of  no  importai 

Tt  is  of  interest  to  note,  as  Gowers  points  out,  ^ 
mvt^ litis  very  rarely  leads  to  abscess  formation. 
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mogt  cases  of  ibiA  so-called  iDflammaiioti  of  the  dpinal  cord  are  in 
tnitli  uot  iiiiammatory  at  alL 

8pinal-cord  abscesses  may  be  siugle  or  multiple,  the  latter  being 
tie  rule  in  cases  of  metastasis,  Wben  the  absceas  is  single,  the  eorci 
18  seen  to  be  enlarged  at  the  point  where  it  is  located;  it  is  usually 
situated  centrally.  On  section  a  greenish^  fetid  pus  exudes.  In 
tho»e  cases  in  which  white  pus  is  sjioken  of,  the  conilition  was  prob- 
ably one  of  Hiiyi)le  softening  only.  The  abscess  has  no  envelo])ing 
membrane,  but  the  pus  is  ftjund  free  in  the  substance  of  the  cord, 
usually  occupying  the  greater  part  of  its  thickness.  The  pus  con- 
tains remains  of  disintegrated  nerve  tissue.  The  wall  of  the  aljscess, 
which  may  consist  of  nerve  tissue,  of  course  presents  marked  signs  of 
iiiihimmatory  swelling,  with  broken-down  fibres,  numerous  blnod- 
veBsels,  and  leiic*x*ytes.  A  purulent  meningitis  is  nearly  always 
present;  in  Homen's  c^j^e,  however,  it  was  absent. 

The  sytnpfotiiH  of  an  al)scess  of  the  spinal  cord  must  be  those  of  an 
abolition  of  the  fuuctious  of  a  whole  cross  sectitjn  of  the  cord,  of 
sudden  onset,  accompanied  by  fever,  and  rapidly  extending;  occa- 
Bionally  the  symptoms  may  indicate  the  presence  of  mu]ti]>le  ab- 
Boeeaes.  As  death  usually  occurs  rapidly »  many  of  tlie  symptoms, 
which  otherwise  indicate  witji  more  or  kss  certainty  tlie  location  of 
a  lesion  in  the  spinal  cord,  will  be  less  distinctly'  marked.  Thus,  the 
tendim  and  skin  reflexes  will  be  absent  wherever  the  seat  of  the  lenian 
may  Ije,  and  grave  paralysis  of  the  l>huUler  an<l  the  rectum  will  be 
present.  Beilsores  will  be  rapidly  [iroduced.  More  definite  con- 
clusiouK  may  be  drawn  from  the  extent  of  the  i)aral\  sis  and  the 
height  of  the  leHion;  the  course  of  the  aflectiou  is  usually  too  .short 
to  allow  for  the  appearance  of  distinct  muscular  atrophies,  which 
are  so  important  for  segment  diagnosis.  When  the  seat  of  the 
leeion  is  in  the  lower  cenical  region  of  the  cord,  contraction  of  the 
pupil  and  narrowing  of  the  palpebral  fissure  may  also  occur.  Puru- 
lent meningitis,  which,  Jis  we  have  seen,  is  a  nearly  constant  compli- 
cation, will  declare  itself  by  violent  ratliating  pains  and  stiffness  in 
the  back.  The  symptomatology  will  of  course  be  materially  modi- 
fied by  the  underlying  cause  of  the  abscess, 

A  diagmmi^  is  imj possible  in  those  cases  in  wliich  the  abscess  OC' 

us  in  a  segment  which  has  l^een  severely'  contused  l>y  the  original 

iury,  especially  when  a  purulent  meningitis  is  also  iire^^eut.     In 

e  manner  it  will  of  course  l>e  impossible  to  diagnose  small  pum- 

collections  in  cases  of  primary  punUent  meningitis,     A  diagno- 

possible,  and  has  lieeu  positively  made  In-  Notlmagel,  when  the 

ins   of  an  excessively  acute  trausverBe  myelitis  ai>pear  in  a 

¥hich  we  know  of  the  es.istence  of  a  i)rimary  purulent  col- 
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lection,  wliicli  might  eventually  lead  to  the  procluL'tion  of  distmit  ab* 
scesses   by  mefaistasis;    it  will   became   more  probable  wlienolher' 
ayinptoma  of  pyaemia  are  also  present,  ixnd  it  become^s  meet  probilkj 
when  the  primary  puruleot  focus  ia  a  puti-id  bronchitis  or  perhft|fti 
purulent  cystitis,  as  these  two  affections  neem  to  have  a 
tendency  to  metastases  in  the  nervous  tissues.     As  in  abeoeet  ol  ^ 
brain,  so  also  here  the  main  point  in  the  diat^nosis  is  the  demoMto- 
tion  of  tlie  |jriinary  abscess. 

The  pratjiitms  is  al*solutely  bad.     Death  always  occnrs.    In  i 
cases  the  priiiiiiry  disease  is  fatal  in  itself,  the  abscess  of  the  spiiuJ 
cord  and  the  iinrulent  meningitis  seiTe  only  to  hasten  the  end. 

There  is  no  freaimeut  of  spiiial<tord  abscess  that  will  avail,  Intbe 
case  of  a  metastjitic  aljscess  we  might  possibly  evacuate  the  pus,  boi 
when  such  a  dia^^nosis  is  possible,  an  inculpable  primary*  lesion  it 
usually  present,  as  well  as  other  non-opera!>le  metastatic  ahscpflMi. 
Furthermore,  as  has  already  been  said,  the  localization  of  an  j 
in  the  spinal  cord  is  jieeitliarly  difficult,  and  the  nietjistases  in  I 
crises  especially  are  frequently  multiple.  Even  in  the  unlikely  ( 
of  a  complete  evacimtiou  of  the  spinal  abscess,  any  marked  imp 
raent  in  the  symptt)nis  could  scarcely  be  IioimmI  for, 

SYPHILIS  OF  THE  SPINAL   CORD. 

Syphilis,  as  it  occurs  in  coniiection  with  the  spinal  cord,  may  1 
either  extras pinal  or  intraspinal.     The  extrjispinal  origin  is  the  mow 
rare.     It  prewenis  its<*lf  in  the  form  cjf  a  syphilitic  disease  of  lliBj 
bones,  j^enerally  a  ]>erio9titis  gummosa  of  the  spine,  followed  byci-l 
ries  and  necrosis  of  the  bone,  and  finiilly  by  involvement  of  theapjiiil 
meninges  and  of  Uie  cord  itself. 

Intraspinal  syphilis  lum  various  forms.  The  chief  type  isstp 
litic  meningitis  (^r  meningomyelitis  spinalis.  The  diseaae  begins  in 
the  dur*a  tnater  with  the  formation  of  syphilitic  grannlation  tissue  and 
speciric  disease  of  the  vessel  walls.  In  its  furtlier  course  the  *ffeo- 
tion  extends  laterally  tli rough  the  spinal  cord  and  causes  a  transveiw 
myelitis.  But  this  latter  form,  transverse  myelitis,  may  arise  pri- 
marily, i.t\j  without  j>assing  through  the  raeniuges.  It  is  then  pnJ)- 
ably  due  tti  sjincitic  vascular  changes. 

IsnliitHd  syphilitic  atrectifms  of  individual  spinal  tra- 
fuL     A  special  form  of  lateral  sclerofiis,  which  is  said  t^i 
a  primary  sypliilitic  infectitm,  has  lieeu  described    hy 
finally  J  the  sypliilitic  infection  may  find  expression  i 
gummata  nf  the  s]>inal  cord. 

All  of  these  affections  are  directly  connected  with  t 
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syphiliB,  and  may  coiiHeciiiently  be  regarded  as  direct  sequeli©  of  it* 
Kot  so  witli  the  indirect  seqiiek  of  eyphiliH  of  the  cord,  wliicli  prob- 
ably* depend  rather  upon  the  morbid  jiroductH  of  syphilis,  and  are 
therefore  ^ith  i>rt>priety  called  m etas \' phi litic  processes.  The  t^^pe 
iif  the«*e  is  tal>es  dorsalis, 

Svphilis  4jf  the  8pinal  cord  may  also  appear  as  a  pai't  of  k^^u^^I'^'I 
syphilis  of  the  central  nervous  system,  lues  cerebroHpiualis, 

SYRINGOMYELIA. 

There  is  probably  bo  affection  of  the  Hpiusil  cord  winch  has  l>eeu 
more  thorou^^hly  studied  of  late  years  than  syrinf^oniyelia,  and  imr 
knowleilge  €jf  this  singular  disciise  lias  been  con*esjj4iudingly  iu- 
cpeasetb  Althfmgh  as  recently  as  1878  Erb  could  say  in  his  t^^xt- 
book  of  diseases  of  the  spinal  c<3rd  that  "  al:  present  there  are  no 
means  of  making  the  diagnosis  nf  Bvringomyelia  during  the  life  of  the 
patient,  we  can  imly  make  vague  snppositions  regarding  it/'  at  the 
present  time  a  series  of  well-detined  symjitoms  enables  us  to  diaguos- 
tieate  the  disease  with  certjiinty. 

Etiology. 

The  etiology  of  syringomyelia  is  still  alisolutely  unlcnoT^Ti.     In 
the  majority  of  case^  there  is  i>robably  an  anomalous  embryonic  de* 
velopment»  which  in  later  years  results  in  syring4)myelia  uninfluenced 
by  external  causes.     Occupation  has  nothing  to  dn  witli  it,     Overex* 
ertion,  eapecially  of  the  hands,  is  also  of  very  doubtful  etiological  im- 
portance.    Yet  trauma  is  not  to  be  absolutely  rejected  as  an  accessory 
cause,  although  it  can  only  develo]*  the  tendency  iu  tlie  disease  which 
is   already  i>reseut — it  cannot  cause  the  disease   itself.      Falls  and 
blows  upon  the  back,  and,  recently,  injuries  of  the  hands,  and  espe- 
cially of  the  fingers,  f^ften  of  a  quite  trivial  nature — t.f/,,  punctures 
by  small  splintei's  of  wciod  or  metal — have  l>eeu  reporteil  Jis  exciting 
causes*     Occasionally  infectious  diseases  seem  to  initiate  the  alfec- 
tion.     Thus,  cases  have  Ini^en  dencribed  in  which  the  disease  devel- 
oped as  a  sequel  of   ty]^lioid  fever,  scarlet  fever,  measles,  articular 
•lieuniatism,  intermittent  fever,  pneumonia,  or  pleurisy.     Finally^  it 
ihould  also  lie  mentioned  that  the  first  symptoms  often  a[>j)ear  afte^" 
shihlbiith,  although  we  are  not  justified  in  inferring  any  etiological 
lonnection  of  this  process  with  the  disease.     Chronic  alcoholism  and 
jyphilis,  the  two  factoid  which  ]>lay  so  prominent  a  i>art  in  thf^  cau- 
sation of  other  nerv4>ns  diHeases,  need  hardly  Im^  considered   in  the 
iaae  of  syringomyelia. 
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An  inlierited  tendenc}^  to  the  disease  seems  never  to  be  preBeot 
With  respect  to  the  sex  of  the  patients,  the  majority  appear  ta  be  j 
males,  but  statistics  naturallj  vary  somewhat  acconliiig  to  the  d 
of  patients  observed  by  each  author.     The  age  in  which  tbediseiili 
first  appears  is  most  frequently  betr^^een  the  eleventh  and  th^  ^k^^ 
tieih  year.     Cases  are  very  rare  after  the  sixtieth  year.    Sdileanger , 
found  the  a^e  in  one  hundred  and  ninety  cases  to  be  as  follows: 

1  to  10  years  ,,..,, ».•...  r, 4  I 

llto30    « 3«  8 

21toS0    " 53  25 

31to40     " aO  IS 

41  to  50    " 4  7 

rAtom  ** 3       s 

Above  60  years 3        1 

138       57 

In  women  tlie  dise^ise  appears  to  begin  late  in  life  more  freqneoflj 
than  in  jnen* 

Pathological  Anatomy. 

Anatomically,  syringomj^elia  is  a  formation  of  cavitieB  witlufi 
the  spinal  cord,  which  cause  the  organ  to  resemble  a  pipe  (*^^P7^« 
whence  the  name.  This  i>rocess  of  the  formation  of  cavities  mi5 
iiflevi  the  central  canal,  resulting  in  a  progressive  widening  of  the  W* 
ter — the  disease  then  being  called  hydromyelia ;  or  the  cavities  »i« 
formed  independently  of  the  central  canal  at  the  outset^ — syringomje- 
lia  in  the  narrower  sense  of  the  word.  Cases  of  true  hydromjcUi 
will  not  he  fnrtlier  considered,  since  they  present  either  no  dinical 
symptoms  or  such  as  are  absolutely  incapable  of  diagnosis. 

Syringomyelia  iu  the  narrower  sense  of  the  word  consists  in  tbe 
f(7Fmation  of  cavities,  which  develop  with  especial  freiiuency  behixid 
the  central  canal  in  the  gray  commissure,  and  from  this  jKvint  eiteiid 
laterally  in  an  irregular  way.  The  cavities  involve  by  preference  ti» 
posterior  eornua  and  columns,  and  occasionally  attack  also  the  Ulte- 
rior c<:>rnua  in  tlie  anterior  columns,  but  almost  never  the  lateral  coJ- 
umiis.  The  form  and  size  of  the  iudividnal  cavities  are  as  UTBgoltf 
as  their  distribution ;  the  transverse  section  is  therefore  —-**  — — -^ 
metrical .  Tlie  cavities  are  of  the  most  various  forms,  «• 
cuiar,  sometimes  oval,  sometimes  a  long  fissure.  Thi 
ries  as  greatly.  It  is  generally  between  1  and  10  mm. 
ca\ities  in  which  one  could  insert  the  tip  of  the  lii 
cavities  are  generally  filled  with  a  turbid  fluid,  so  that 
nal  cord  is  incised  a  true  fluctuation  can  be  prodi] 
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^iiii  nj  n  separated  from  the  healthy  tissue  by  a  firm,  hard  membraoe. 
^Hieir  iiiteritir  is  liued  with  epithelium.  OccaHionally  it  cau  Ije 
denioiietrated  that  several  small  cavities  have  united  to  form  a  single 
lari^er  cavity;  not  iiifrequentl>",  too,  some  of  the  cavities  l>eeonie  con- 
nected with  the  central  canal. 

The  whole  njiinal  cord  and  even  the  medulla  oblongata  may  Ije 
sittiircked  by  the  disease.  Us  favorite  Iwation  is,  however,  the  cervi- 
cal cord;  the  procesH  almost  invariably  begins  there. 

What  is  the  origin  (jf  tlieHe  cavities?  With<jut  discussing  the 
differences  of  oj anion  of  the  various  authorities,  we  may  state  the  re- 
sult of  sueli  investigations  as  liave  been  made  up  to  the  present  time 
to  be  that  the  cavities  may  originate  in  either  of  two  w^ays:  1,  From 
a  congenibd  raalfurmation  of  the  central  canal;  2,  From  jirnliferation 
and  8ubsef|uent  desttuction  of  the  neuroglia.  The  latter  condition  is 
called  gliosis  or  glicmiatosis.  Occiisionall,v  both  nuides  of  origin 
are  combined. 

Tlxere  are  certainly  cases  whicli  originate  from  a  simple  hydrnmy- 
elia,  I.e.,  hxnn  au  embrvcmic  dilatation  ai  the  central  canal,  in  conse- 
<iuence  of  tlistm-bances  in  the  j>r<jcess  of  its  obliteration  or  in  conse- 
quence of  a  constriction  of  the  eord  iH>Hterior  to  the  ct^ntral  canal. 

lu  other  cases,  the  i*rimary  factor  is  a  in'oliferation  of  the  glia, 
which  proceeds  generally  from  the  vicinity  of  the  central  Cimal,  but 
which  may  also  Ijegiu  in  the  posterior  coruua  and  occasionally  in  the 
white  matter.  Perhaps  this  is  a  proeess  of  fcetal  origin,  fo^al  nests 
of  glia  cells  peraisting  and  being  stimulated  to  proliferate  by  some 
secondary  irritation;  jierhaps,  as  either  authors  think,  the  jjrolifera- 
tion  may  originate  also  in  the  normal  glia  tissue.  The  view  is  also 
held  that  a  x>roliferation  of  epend\  ma  colls  proceeds  from  the  central 
canal  and  thus  forms  the  basis  of  the  process.  However  tliat  may  be, 
a  proliferatiou,  a  glif^sis,  is  developed  in  the  glia.  From  this  a  cav- 
ity Ih  formeil  through  the  destruction  of  portions  of  the  tumor  as  the 
result  of  retrograde  metamor[)hosis.  The  details  of  this  jirocess  are 
still  a  subject  of  controversy,  especially  as  to  the  questnm  whether  it 
is  to  136  regarded  as  inflammatory  or  neoplastic. 

As  secondary  changes  in  tiie  nerve  tissues  consequent  to  the  glio- 
sis are  found  degenerations  <^f  the  nerve  fibres,  degeueratitms  and 
atroph\'  of  the  ganglion  cells  fif  the  gray  matter  as  well  as  of  the  an- 
terior and  the  posterior  cornua,  and  fln:Uly  also  vascular  changes  in 
the  form  of  thickening  and  hyaline  degeneration  of  the  walk  of  the 
blood-vessels.  Hemorrhages  may  also  l.>e  foujid  in  the  gliomatons 
tLBsue. 

If,  however,  this  tissue  df>es  not  form  cavities  through  retroj^^ade 
metamorphosis,  it  grows  steadily  and  assumes  finally  the  character 
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of  a  tamor,  an  a  renult  of  which  the  whole  spinal  ocnd  maj  apf(ifiit  ] 
considerably  increased  in  volume.  Ur>on  transverae  aeetioii  thtn  i 
then  seen  a  solid  tumor,  generally  surroanding  the  centnl  canii,  1 
occasionally  demonstrable  in  other  regions,  e8x>«^i^ij  the 
comua,  which,  precisely  Like  the  cavities,  extend  vertically 
the  cord  to  a  varying  distance.  This  condition  is  called  e^ntrdi 
sis  or  j^liomatosis*  The  formation  of  cavities  and  ^liomatosift,  tiiiitt, 
rppreseni**  the  two  terminal  stages  of  gliosis.  They  may  be  foQul 
united  in  one  npinal  cord;  there  may  be  present  a  solid  gUamalosi^ 
which  in  one  or  more  places  has  develo|»ed  c^Htie^. 

Symptomb. 

That  which  is  moet  chamcteristic  in  the  complexns  of  symp 
of  syringomyelia  is  the  combination  of  muscular  atrophy  with  •»* 
sory  and  trofvhic  dii^tnrliimces.  There  is  a  serifss  of  other  aymplaDS, 
but  these  must  be  regarded  as  secondary  and  comparatively  nmlIlpo^ 
taut* 

We  will  first  describe  the  individual  symptoms,  without  r^ferwiop 
ia  the  order  of  their  appearance. 

The  motor  affections  present  themselves  especially  in  the  form  of 
muscular  atrophies.  These  are  the  result  of  the  compression  whiii 
the  anterior  comua  undergo  through  the  growth  of  the  csavitiea,  M 
are  also  caused  by  the  involvement  of  the  gray  aDterior  comua  tiKn- 
selveiis  in  the  process  of  cavity  formation,  and  finally  by  the  jirevioaslT 
mentioneil  secondary  degeneration  of  the  ganglia  of  the  anterior  ooh 
nua.  The  atrophy  of  the  muscles,  which  may  become  extienie^  ii 
therefore  always  degenerative.  Different  electrical  reactiooa  u^ 
found,  according  to  the  intensity  of  the  prooees.  In  case  of  a  rampk 
compression  of  the  anterior  comua,  either  no  change  or  at  most  ft 
trivial  quantitative  diminution  in  the  electrical  excitability  can  ba 
demonstrated.  If  the  anterior  cornua  have  become  involved  in  tlie 
glia  proliferation,  or  if  they  have  already  undergone  secondary  de- 
generation, their  tToi>hic  influence  over  nerve  and  muscle  is  abolishal 
and  the  rei\ction  of  degeneration  can  be  obtained  from  the  muscfe 
fibres  which  depend  ujKin  these  ganglionic  cells,  i.^.,  stuggiah  gll- 
vanio  cr»ntraetion  with  reversal  of  the  contraction  forn 
tion  of  fanulic  excitability-  Wlwik  through  atrophy  « 
ci^rnmi  the  muscle  has  become  completely  atrophie<l  ai 
of  fat  iiUil  c*>nnective  tissue,  its  electrical  excitability 
K>th  cun^nt^'%. 

The  electrical  examination  of   the   atrophied  n: 
much  |>nu*tice  and  jwitience.     Since  fibres  which  hav< 
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emted  often  lie  side  by  side  witli  those  wliicL  etill  react  normally, 
tiie  mtiBcle  must  be  gone  over  millimetre  by  millimetre,  in  order  to 
find  the  reaction  of  degeneration. 

In  correspondence  with  the  originatiun  of  the  anatomical  lesionn 
in  the  cervical  cord,  the  atrcrphy  Ijegins  almoat  always  in  the  hands, 
and  ©ttpecially  in  the  muacleB  HU[>plie€l  by  the  ulnar  nene,  in\'<jl\ ing 
8QbBe(|uentiy  the  regions  to  which  the  median  in  distributed.  Final- 
ly, all  the  muscles  of  the  hand  become  atrojjhied,  and  the  familiar 
clawed  hand,  the  main  en  (P'{(fi\  is  iiroduced,  the  i>reponder»uce  of  the 
flexoi^  and  oxtenwt*rs  of  tlie  forearm  resulting  in  abnormalities  of  po- 
sition of  the  phalanges.      Fibrillary  t^vitchings  are  very  fretjuently 

^0eeu  in  the  atroi)hied  muscles.  The  atrophy  may  l>e  more  marked 
one  hand  thiin  in  the  other;  at  the  l)eginning  of  the  disease  it  may 
even  he  confined  t*i  one  hand.  Ah  the  disease  jjrogresses,  the  proc- 
ess may  remain  limitt*d  to  the  hands,  or  it  may  spread  more  widely. 
In  the  latter  ca«e  the  muscles  of  the  f*>rearm  and  lower  part  tyf  the  arm 

rare  generally  passed  over,  and  the  muscles  alMuit  the  shcmlder^  esjie- 
cially  the  deltoid,  are  next  implicated  (Duclionne-Aran  type).  The 
other  shoultler  muscles  are  then  att>icked,  and  after  them  the  mUHcles 
of  the  lower  arm.  If  the  disease  still  iirogresHes,  the  nuiscles  of  the 
back  are  next  invtdved,  then  the  inter  costal  s  and  the  abdominal  mus- 
cles; and  finally,  although  this  is  extremely  rare,  the  muscles  of  the 
lower  extremities.  Here  the  calf  muscles,  the  glutei,  the  extensors 
of  the  leg,  and  very  often  the  vastus,  are  most  atropliied.  And  here, 
too,  from  tlio  preponderance  of  the  antagonists,  deformed  ]>oBitions 
of  the  feet  are  met  with. 

Deviations  from  this  ty i>ical  course  of  tlio  atrophy  ma\'  occur,  in 
that  occasitjually  the  affection  may  liegin  in  the  dorsal  *>r  lumbar 
cord,  in  which  case  the  lower  extremities  are  fimt  and  most  severely 
affected,  while  the  upper  are  invrilved  at  a  mufh  hiter  ]>eriod,  and 
may  even  escape  entirely.  Excnptitmally,  whtm  the  tlisease  is  ItK'ated 
in  the  cervical  cord,  the  atrophy  may  l>egin  about  the  whoulder  and 
pass  to  the  hand  muscles  subseciuently  (Immeroscafnilar  tv  po). 

The  atrophy  of  the  nuiscnlature  is  not  alwa\s  distributed  svm- 
metrically  in  the  two  halves  of  the  body ;  there  are  even  cases  in 
which  an  absolutely  one-sided  atn>phy  is  iirewent  (gliosis  unilatei^alis). 
In  all  cases  in  which  the  lower  extremities  are  not  themselves 
the  seat  of  the  disease  they  are  iudirectly  imiilicated,  since  the  so- 
called  com  plexus  of  spastic  symptoms  develr»  I  IS  in  them— severe  ac- 
tive and  passive  spasius  of  iha  mns(*les,  with  t'ontra^^tures  and  greatly 
incre*i8fKl  patellar  reflexes,  occasitnially  alsu  t*lonus  of  the  feet.  True 
ataxia  is  also  often  present.  The  rjucNtion  Imw  this  complexus 
of  symptoms  is  to  be  explained  needs  further  investigation.     It  has 
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ll^  il  ariMs  from  the  eeeiHidarT  degenenitioaclllii 
nets,  wbich  boqneiilljr  devalopd  when  the  Smm 
lindieceriTcaloord.    Olii0niliaveex|»ea8€dtheopiDioikti 
suBpIj  the  eompveawm  erf  tiiese  tiuets  by  the  gUosis  or  gjia 
ndkoB  to  pvodnoo  ^nslie  phfiinnncnn 

W^  R^gaid  to  Urn  mmmtmtmti^nm  of  motor  irritation,  the  ifaril- 
larj  trilchtqg?  of  the  atrophied  nmsculatiiFB  have  alread v  been  neD- 
taooed.  SHighi  tremor  ol  the  handa^  which  sometimes  soggeete  tslB^ 
lioii  lienor,  local  csarape  of  individiml  groups  of  mnsdee^  tfld 
^eDeraliiSBd  conml&ioiK  inTicdTing  considerable  portioiia  of  the  Ixi^; 
hare  been  reported. 

The  distnrhance  of  sensihility  which  is  characteristic  of  sTrbizt*- 
mjella  is  ttie  aoK!aDed  partial  paralysis  of  sensation,  the  discov 
which  fomiA  aa  epoch  in  tiie  historj  of  syringomyelia.  It  caiiiu4y  d 
coarse,  be  affirmed  that  this  complexus  of  symjitoms  is  found  eidi- 
sively  in  syringomyelia^  bat  it  occurs  in  connection  with  the  other 
sTmptiiTiis  only  in  this  disease.  The  details  will  be  considered  nnte 
the  hesui  of  «Ufferential  diagnosis.  Partial  ]>aralysis  ot  aenolm 
coDsisfs  in  thlii,  that  while  the  tactile  sensations  are  perfectly  Domiil 
or  at  nioe^t  sUj^htly  lessenetl,  the  sensation  of  [>aiu  is  much  timm- 
isheil  and  that  i»f  tern (lerat ore  a|>iiears  Uj  l)e  quite  abolished.  This 
liaralysis  of  sensation  is  never  confined  to  the  course  of  single  nenee^ 
but  ap) years  in  segments  correst>onding  in  the  divisions  of  the  spinil 
cord— in  an  arm,  in  om*-half  of  the  trunks  in  one  leg.  Its  Urat' 
ite  location  is  the  extremities  and  the  upper  part  of  the  trask. 
Ill  Keneral,  it  may  be  said  that  it  pursues  the  same  course  as  ibB 
atrot»hy. 

In  greater  detail^  these  disturbances  of  sensibility  present  the  U- 
Itmiiig  jiicturf*:  The  s^^nne  of  touch  is  ctjuipletely  normal  in  almantill 
casfH;  contact  with  tho  linger  tip,  a  brush,  the  head  ol  a  pin,  m  wt- 
mally  j^en^ivt^l  and  pn»i)erly  localized.  There  are,  it  is  tnie»< 
in  wtn*'h  a  innn/  t»r  le^ss  couiiiderablediminntion  of  the  sense  oil 
in  prps*Mit,  Imt  they  art*  very  rare.  In  syringomyelia  the  aenae  of 
\mu  always  undergoes  a  more  or  less  well-marked  diminution^  whidi 
may  ljecf»me  complete  aualgeBia.  The  patients  no  longer  feel  pin 
l>rieka  and  faradic  cuiTents  upon  the  skin  as  pain,  and  in  the 
eases  do  not  feel  them  at  all.  Extensive  surgical  oper-^'- 
casioually  l>e  f»erformed  upon  them  without  pain.  1 
of  the  ili>ef)t'r  partes  may  also  be  impaired,  so  that,  for 
til  res  (if  the  1x>ne  are  no  longer  felt  to  l3e  painfuL 

Tlif*  iinjisiirrnent  of  tlie  sense  of  pain  begins  refj 
^t'Ys  jLnd  the  haiiil,  and  travels  upwanls  to  finall 
trunk.     It  may  occasioually  be  ojii lateral  only. 
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^y  extend  still  farther  upwards  and  involve  the  distribution  of  the 
Itrigeiiiitius  in  the  face* 

The  temi>erature  sense,  i.e.,  the  ability  to  distinguish  differences 
1  of  tern  per  atiirt?,  is  totally  abolished  in  most  cases.  Hence  the  follow- 
[ing  very  characteristic  feature  of  the  disease:  These  disturbances  of 
f sensation  are  wont  to  appear  first  upon  the  fingers,  and  the  patients 
[inay  rnnse<iuently  receive  burns  upon  them  which  they  do  not  perceive, 
ad  ooly  le^im  of  from  the  resulting  lesions ;  the  hands  and  fingere, 
[-accordingly,  present  many  scars  as  the  result  of  such  awitlents. 
[Frt>m  the  hands  the  disturbances  of  the  temi^erature  sense  extend  to 
[the  trunk*  Objective  examination  shows  that  the  patients  in  the 
affected  either  do  not  distinguish  warmth  and  cold  at  all  and 
each  case  perceive  only  the  contat^t  of  the  wann  or  cold  object,  or 
iat  i>er\"eiied  sensations  are  present;  warmth  is  felt  as  cold,  and  vice 

The  mucous  membranes  also  often  participate  in  the  distui-bances 
[of  the  temperature  sense,  so  that  the  patients  may  eat  tun  hot  food 
I  without  hesitiition. 

Besides  tiiese  objectively  demoustrable  diMturbances  of  sensibility, 

I  are  also  sulijective  aljnormalities.     They  consist  of  iiuins  antl 

irfestfaesiie,  bt>th  especially  Itx-alized  in  the  hands  and  anus,  and 

j  both  often  the  first  symptom  of  the  disease.     The  pains  are  teariag, 

lancinating,  and  biiniing,  and  are  often  considered  to  Ije  of  a  rJieii- 

[  matic  nature-     The  i>ariesthesiie  are  described  as  sensations  of  priek- 

fing  or   numlmess,   and   are  especially  locali/jj^d   in    the  linger  tifis; 

here  the  patients  have  the  feeling  of  "going  to  sleep''  and  numbness, 

so  tliiit  they  can  no  longer  feel  a  needle j  pick  up  a  small  coin,  ete. 

Occiisiunally  pains  and  i>ara*st  lies  ire  are  combined.     Very  often  also 

there  are  abnormal  sensations  of  heat  and  cold  in  the  tif>s  of  tlu'  tin- 

gei-s. 

The  arms  and  the  trunk,  as  well  ;is  the  hands,  jnay  be  the  seat  t*t 
subjective  4listurbanceH.  In  the  h-gs,  im  the  eontrarv ,  tliese  disturb- 
ances are  very  rare.  If  they  occur,  they  consist  chiefly  in  parfesthe- 
siae  of  the  soles  of  the  feet. 

Trophic  changes  are  observed  in  the  skin,  the  subcutaneous  cellu- 
lar tissue,  and  the  bones  and  joints. 

La  the  skin  are  found  hyperamia  or  antemia,  dermatitis,  ery- 
thema, herpes,  spontaneous  gangrene,  atrophy  or  iiypertrophy,  pem- 
phigus vesicles,  hyperidrosis  or  anidrosis,  ulcerations  and  rhagades. 
There  are  also  chauges  in  the  nails — lu'ittleneMs,  deformities,  and 
distinct  Icmgitudinal  niarkings.  Panaritium  and  phlegmon  occur  in 
the  sulKrutaneous  cellular  tissue. 

The  implication  of  the  bones  and  joints  in  the  disturbances  of  uu- 
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Iritiaii  i^  in  the  form  of  the  so-ealled  arthro[>aihy.  There  ar^eitl 
into  the  articular  capsules  which  are  dilated  i 
or  tiiere  is  true  thickeiiiiig  and  i^weUiug  of  tlie  urticulirc 
c(  the  bones.  Spi^iitaiieotLs  fractnrf^  of  the  bouee  often  occiir»  U 
fnwrtnres  without  any  or  with  only  a  trivial  injury.  The  temdeocyl 
ifoeh  &actiire«i  dei^enck  niton  preWc»us  changes  of  the  oHseonsI 
especially  absorption  of  the  canceUous  tissue  and  increaBe  of  the  i 
ulltty  cavity.  On  account  of  the  disturbance  of  the  sense  of 
fnidiireB  are  generally  quite  painleaa  and  often  heal  coropletelj  ioi 
shDormally  brief  time,  althongb  in  some  cases  defomiitiea  ouiTi 
salt. 

In  the  spine  the  trophic  diBturbances  often  manifest  themseltoil 
the  form  of  a  scoliosis  or  kyphosis.     The  scoliosis  generaUr  1 
in  tlie  dorsal  vertebne.     It  is  certainly  iu  most  c^iises  to  be 
directly  to  a  tn>i»hic  affection  of  the  spinal  colauiD,  but  may  < 
ally  be  caosed  by  a  unilateral  paralysis  of  the  mtmcles  of  the 
dae  to  atn»phy. 

The  cutaneous  reflexes  of  the  cremaater,  the  abdomeD,  aod  \ 
soles  oi  the  feet  are  generally  incre^iHed  in  syriogomyeUa,  Thii 
singular  fiict,  for  often  the  part  of  the  skin  wliicli  is  stimu 
example,  the  sole  of  the  fo*>t^ — may  l>e  aumBthetie. 

The  tendon  reflexes  in  the  arms,  when  the  disease  has  its  i 
seat  iu  tlie  cx^rncal  cord,  are  generally  entirely  absent;  wtulabi 
lower  extremities,  on  at'coimt  of  the  spafttic  c^mditious,  they  are  i 
iucreiksetL  If  the  process  has  become  e^tablisbed  in  the  to 
cord  and  has  destroyed  here  the  centre  for  the  patellar  reflii,  I 
la tt+^  r  il  i  H  a  p  1  >earH , 

Affections  of  the  bladder  and  of  the  rectum  ^enendly  do  noli 
l>ear  for  a  long  time,  but  may  develop  in  the  later  stages  of  the  J 
eii^i',  and  are  then  not  distinguishable  from  the  common  distor 
of  Kpiual  origin  which  affect  these  organs^ 

Tlie  genital  fuactioun  are  generally  but  slightly  ttfTected.    Lt*^ 
sexual  appetite  as  well  as  increase  in  sexual  excitability  hnvebettJ 
Berilx  tl. 

If  the  HvriugomyGlia  advances  upwards  from  the  cervical  corll 
ma\'  attack  the  medulla  oblongata^  and  i>roduce  a  series  of  i 
biillvir  symptoms. 

The  trigeminus  is  first  affected  in  the  form  o 
of  seusaiiim  in  the  portions  «>f  ski^* 
f occasionally  also  there  is  pam 
sioTi  of  this  nerve  is  imjilit  ateo 
a  t'uni|)lete  sibnlitioii  nf  that  fu 
lary   twitchings,  atrophy,  and 
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paralysis.  Involvement  of  the  vagus  is  manifested  by  impeded  deg- 
lutition, paralyses  of  the  laryngeal  muscles,  esjiecially  of  the  posti- 
cus and  reeurrens,  as  well  as  by  ansesthesia  of  the  i)harynx  and 
oesophagus,  which  results  in  a  loss  of  the  cough  and  deglutition  re- 
flexes. The  cardiac  disturbances,  consisting  in  irregularity  of 
rhythm,  acceleration  or  retardation  of  the  pulse,  and  stenocardiac  at- 
tacks, are  to  be  referred  to  implication  of  the  vagus.  The  same  is 
true  of  the  parsesthesife  of  the  internal  organs,  sensations  of  cold  in 
the  lungs,  and  sensations  of  cold  or  of  burning  in  the  stomach  and  in- 
testine. 

Taste  may  be  affected  in  the  form  either  of  ])artial  imi)airraent  of 
sensation  or  of  its  entire  loss.  Implication  of  the  facial  nerve  in  the 
bulbar  affection  is  manifested  by  paresis  or  contractures,  rarely  by 
paralysis.  Paralyses  of  the  eye  muscles  occur,  especially  paralysis 
of  the  abducens,  more  rarely  of  single  branches  of  the  oculomotorius. 
Frequently  the  sympathetic  fibres  are  affected;  there  is  then  a  myo- 
sin with  narrowing  of  the  aperture  of  the  lids  on  the  side  involved — 
the  so-called  oculopupillary  symptom.  Nystagmus  has  also  been  re- 
ported. 

The  origin  of  the  contraction  of  the  field  of  vision  which  some- 
times occurs  is  not  perfectly  clear.  Aside  from  the  cases  in  which 
syringomyelia  is  combined  with  hysteria,  in  some  cases  of  uncompli- 
cated syringomyelia  a  considerable  concentric  contraction  of  the  field 
of  vision,  especially  for  colors,  and  above  all  for  green,  is  found. 

The  bulbar  symptoms  of  syringomyelia  are  generally  distributed 
irregularly  in  the  two  halves  of  the  body ;  they  are  certainly  never 
symmetrical — a  fact  which  corresponds  with  the  irregular  i)rogression 
of  the  disease. 

General  cerebral  symptoms  also  occur  in  syringomyelia — Iiead- 
ache,  dizziness,  optic  neuritis,  vomiting,  and  spasms.  These  phenom- 
ena are  to  be  referred  to  the  fact  that  the  pathological  process  pro- 
duces an  enlargement  of  the  medulla  oblongata,  which  may  comj^ress 
the  cranial  contents. 

The  development  of  syringomyelia  is  always  extraordinarily  slow 
and  insidious;  its  course  may  extend  over  twenty  years.  The  first 
symptom  is  generally  a  disturbance  of  the  temi)erature  sense;  then 
pains  and  parsesthesise  are  developed,  to  which  succeeds  atroj^hy  of 
the  muscles  of  the  hand.  The  trophic  disorders  are  later  in  ai)pear- 
ance. 

The  prognosis  is   always  absolutely  unfavorable.      Death  takes 
place  from  cystitis,  decubitus,  or  general  pyemia ;  occasionally  also 
from  paralysis  of  respiration,  either  of  central  origin  or  due  to  an  im- 
plication of  the  respiratory  muscles. 
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The  symptoms  wliicli  liave  just  been  described  in  detail  eoustilBllj 
the  type  of  the  disease,  i.e.,  the  form  in  which  tlie  process  begins  b 
the  cervical  cord  and  advances  either  upwards  or  dowTiwards  ic<irvicil 
type). 

BejsideB  this  form,  however,  there  are  others,  the  varioiuj 
lies  in  the  course  of  which  present  a  widely  varying  picture,  soikit 
only  the  principal  forms  can  be  described. 

And,  first,  it  may  hajjpen  that,  as  has  already  been  meutioaed, 
tlie  affection  may  develop  chiefly  in  the  dorsal  or  lumbar  ttml,  i 
which  case  atrophies  and  disturbances  of  sensibility  first  appesr 
the  lower  extremities,  and  the  arms  may  occasionally  escape  ^j 

Fiiiiher,  there  are  cases  in  which  the  disturbances  are  ahncst 
clusively  motor,  sensory  symptoms  in  the  form  of  j^in, 
or  other   subjectively  demonstrable  abnormalities,   appearing 
late  in  the  disease  or  not  at  all.     If  to  these  are  added  early 
tures  of  the  legs  with  increase  of  the  patellar  reflex,  a  inctoie  is 
sentod  which  strongly  suggests  amyotrophic  lat-eral  sclerosis  of 
com  plexus  of  spastic  symptoms.     We   shall  return  to  tliiB 
again  when  speaking  of  the  diflferential  diagnosis. 

The  abr>ve-mentioned  humeroBcapidar  tyi>e  of  the  atrophy  may  !■ 
HO  promiueDt  jxs  to  simulate  the  juvenile  form  of  progreaaiTe 
cjilar  dystrophy,  especially  if  the  sensory  mauifestatinns  are  U 
sliglit. 

If,  on  the  other  hand,  the  sensory  phenomena  predominate  gresllj, 
the  motor  s]diere  being  implicated  slightly  and  at  a  late  |>efi(dtt^ 
may  bo  jmiduced  an  assemblage  of  symptoms  much  lite  bjilffi^ 
particularly  if,  as  not  rarely  ]uti>pens,  the  posterior  roots  md  Ik 
posterior  columns  are  attacked  unilaterally,  so  that  a  hemiaiueBilMai 
can  be  dr^monst rated. 

A  quite  distinct  variety  of  syringomyelia  is  that  form  wbicb  Ban* 
ifests  itself  almost  solely  by  trophic  disturbancea-  In  these  cm* 
besides  the  more  or  loss  well-marked  muscular  atrophy,  there  sit 
found  on  the  liands  clia[js  of  the  skin  in  great  nmnl^ers,  fmnkmp^ 
aritifi,  and  tissures  and  thickening  of  the  finger  joints.  Objertn* 
tf^sting  of  the  sensibility  reveals  also  the  characteristic  (lartul  f* 
r.'ilysis  of  st^iisatit^n.  Cases  of  this  kind  were  described  by 
in  1<S83,  tind  were  regarded  as  constituting  a  dise£ 
Jlorvao  himself  designated  as  "  pareaie  analj 
extiviiiites  snpeiieuros,"  or  as  "  pares oanalg^ 
riouros/'  But  it  is  now  known  that  the  s 
do|>encls  anatoniically  upon  the  same  procf 
and  then  fui'e  should  not  be  soi»arated  frc 
symptoms  occurs  only  in  lepra;  if  this  c 


SYRINGOMYELIA. 


787 


eluded,  a  gpinal  gliosis  will  alwajB  prove  to  be  the  anatomical  basis 
of  the  affection. 

Finally,  it  may  happen  that  the  gliosis  and  the  formation  of  cavi- 
tiee  are  confined  exclusively  to  the  posterior  columns.  Then,  of 
course,  the  clinical  picture  may  agree  corapletely  with  that  of  tabes 
dorsalis.  It  has,  moreover,  been  proved  by  fjathological  investiga- 
tion that  syringomyelia  may  be  combined  with  genuine  tabes. 


DiAONOBIS. 

These  considerations  lead  iis  naturally  to  speak  of  the  differential 
3Dsis  which  in  syringomyelia  covers  a  wide  field,  and  in  many 
BS  is  attended  with  great  difficulties* 

Atrophies  of  the  hand  nmscles  in  connection  with  spastic  phenom- 
ena in  the  legs  are,  excepting  syriDgomyelia,  found  especially  in  amy- 
otrophic lateral  sclerosis.     But  tliis  disetise,  at  least  in  all  tyi>ical 
cases— and  others  need  not  now  bo  considered^is  dependent  upon  an 
,  anatomical  process  which  is  confined  to  the  motor  apparatus,   I'.c, 
\  the  ganglion  cells  of  tlie  anteritjr  cornua  and  the  corresponding  pe- 
ripheral nerves,  never  attacking  the  sensory  paths.     If,  however,  a 
few  atypical  cases  of  amyotrophic  lateral  sclerosis  occur  in  which  dis- 
turbaoces  of  sensibility  are  ijreseut,  the  latter  never  extend  so  widely 
I  distributed  over  considerable  i)ortions  of  the  body  as  iu  syringoray- 
'elia;  and,  a!x>ve  all,   j>artial  jiaralysis  of  sensation  is  never  found. 
The  possibility  that  the  medulla  (^l)Iongata  may  become  imiilicated  is 
common  to  l)oth  diseases.     But  the  bulbar  symptoms  iu  amyotrophic 
lateral  sclerosis,  iu  corresirontlence  with  the  symmetrical  extension 
of  that  process,  are  almost  invariably  bilateral  and  symmetrical;  in 
syringomyelia,  however,  as  has  already  l>eeu  emphasized,  they  are 
unsymmetrical  and  often  unilateral.     It  must  lye  admitted  that  those 
icsases  of  s\Tingom>'elia  in  which  the  sensory  symptoms  are  very  late 
in  appearing,  so  that  at  tirst  only  atro[i!iy  of  the  muscles  of  tlie  liand 
and  spastic  pheuoniena  iu  tlie  lower  extremities  are  ijreseut,  ma^'  o[i- 
pose  insuperable  obstiicles  to  the  differential  diagnosis  from  amyotro- 
jihic  lateral  sclerosis. 

Spinal  progressive  muscular  atrojihy  also  licgins  with  atrophy  of 
^^  -  hand  muscles.     But  in  this  afft^ctiou  there  are  no  sensor \  disturb- 
^%  and  no  spastic  symptoms  t^f  the  lower  extremities.     Moreover, 
ourse  f>f  the  disease  is  somewlmt  more  rapid;  and,  finally,  it 
not  be  forgotten  that,  in  coraparisrm  witli  syringomyelia,  spi- 
:res8ive  muscular  atrophy  is  a  very  rare  disease. 

i  of  syringomyelia  may  be  confounded 
iressive  muscular  dystrophy.     But 
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in  tliki  mSeddcn  abo  there  are  no  seosoiy  distnilwieos,  and  i 
eliangea  cif  elecslrical  excitability  which  may  oociir  in 
are  wantipg. 

Caries  of  the  cenrieal  apine  may  lead  to  atrophy  in  the  hudii  t 
distarbaiioea  of  a^tsibilitr,  and  to  ociilopnpillar\"  symptoms ; 
least  in  the  more  adTanoed  stages,  the  presence  of  Tertebml  ( 
may  be  reoognized,  or  tnbercnloofi  affections  of  other  otgaim  m^  1 
oevSCwod* 

Affections  of  the  brachial  plexus  may  simulate  syringom yelu. 
the  so-called  (jaralyses  of  the  upper  plexus,  known  bb  the  Diich 
£rb  parali  aes,  only  the  mnsclea  about  the  shoulder  and  in  tbe  ; 
(and  in  the  forearm  only  the  supinator)  are  affected,  a  lo 
which  would  not  be  found  in  syringomyelia.     On  tbe  other  liandt  ] 
ralysis  of  the  lower  [jlexus,  Klumpke's  paralysis,  affects  esp 
the  small  hand  muscles  and  produces  also  oculopupillary  pLeuon 
The  doubt  will  be  decid*Hl  by  the  fact  that  these  plexus  x^aralm 
prcxluced  almost  solelv  from  tratimatisra,  and  also  that  the  dwtnrlK 
anees  of  senHilrility  whieli  follow  them  affect  all  kinds  of 
instead  ijf  beiu^  jiartial,  as  in  syringomvelia. 

Mtiltifile  ut'uritiH  may  alno  he  mistakeu  for  syringomyelia,  h 
ili'iH  idnn  there  are  atrophic  jiaralyses;  iu  fiict,  partial  paraljtais  rf 
SGDsatioD  is  not  very  rare  in  neuritis.  Yet  in  syringomyelia  tho  i^ 
verr^  pain  of  neuritis  and  the  extreme  senaitiveness  of  the  nerrot 
to  ]»reHHun^  are  alweut;  and  finally,  the  partial  ] paralyses  of  i 
(IrMiot  a  fleet  whole  st'i^  me  uts  of  the  body,  as  in  syrin>comyelii^  1 
Hi"e  rather  cNjiitiiiml  to  the  eourne  a(  single  nerves. 

Paehymeuin^,'itiH  cervicaliH  hyi>ertrophicaj  besides  atroplile  poxtbr-j 
SOS  of  the  hand  mu^4cles,  jiresents  also  imin,  trt>phic  diatnrb 
and  distiirlmnces  of  Hennibility,  occasitmally  also  even  spaatic  pise 
noinena  in  the  legs.  The  distinction  from  syriDgoin%'elia  may  tl«f^ 
fore  occasional ly  prove  very  difficult.  It  is  to  lie  made  by  tbe  bds 
that  the  wlinle  enm>*e  of  pachymeningitis  eer^ncalin  hypertropliiaii 
nuieh  ni(»re  rapitl,  that  the  disturbances  of  sensibility  ahnost  alitjt 
afL^^.  all  kiuils  rjf  sensation^  and  that  paiu  is  the  most  comiiMOi* 
ftsitiin*  tjf  the  tlisi'use. 

llmniatoinyiUia    is  also  more  fre^luently  located   in  the  eerncA 
cord,  and  from  tills  part  extends  longitudinally  thro  '  "    ** 

it  attains  snrne  nize  it  may  therefore  simulate  syrii 
sive  for  the  diagnosis  of  inematomyelia  is  the  prooy 
as  the  cause,  as  well  as  the  rapid  development  of 
lowed  liy  their  slow  retrogression  in  cnnseqnence 
sori)tinu  (jf  tlie  henic^n'hage;  while  syringo^ 
ctnirsB,  Imt  is  prt)grcMHive. 
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\  That  multiple  scleroaia  may  present  a  similar  picture  to  that  of 

Syriugomyelia  is  evident.     Tliere  are  fouod  in  it  the  complexus  of 

Bpastic  eymptoms,  nvHtiigmiia,  muHcnJar  atrophy,  and  occasionally 

also  diBtnrbances  of  Bensibili ty.     But  very  rarely  in  multiple  ecleroais 

i  are  there  so  extensive  muscular  atrophies  as  in  syringomyelia,  and, 

'above  all,  the  reiK-tinn  of  degeneration  wljich  may  be  found  in  Rvriu- 

gomyelia  is  absent  here.     Moreover,  tlie  disturbances  f>f  sensibility 

whic^li  fx*enr  in  multiple  scleroRiH  never  jyossess  the  character  of  the 

imrtial  jjaralvfies  of  sensation;  and  finally,  trophic  affections  of  the 

'  banes  and  joints,  such  as  are  found  in  syringomyelia,  are  great  rarities 

in  multiple  sclerosis.     However,  it  is  adinitted  that  multiple  sclerosis 

cannot  be  excluded  with  cerbiint\'  in  any  diffuse  disease  nf  the  central 

\  nervotLH.  system. 

The  relaticm  t\{  tal>es  dorsalis  t*>  syringomyelia  hiis  already  been 
n«*ticed.  There  are,  in  fact,  closes  in  which  the  two  diseanes  cannut 
be  distinguished  fr<:»m  each  other,  especially  because  of  the  ti-ojihic 
iliwtiirbances  which  are  ho  extrusive  in  tjil>es  as  well  tin  in  syriDgoin^- 
elia.  As  points  tif  difference  may  be  nieutinued  the  facts  that  in 
taben  the  process  generally  begins  in  the  legs,  in  syringomyelia 
iu  the  ujiper  extremities;  that  while  in  tal>es  atrophy  of  the  mus- 
cles of  the  bauds  may  develoi>  as  a  consequence  of  secondary 
peripheral  nenotis,  yet  this  in-cm-s  tmly  iu  the  last  stages  of 
the  disease,  but  in  syringomyelia  it  constitutes  the  l^egiuning; 
finally,  that  iu  the  large  majority  of  ciises  of  tidies  a  previous 
syphilis  jdays  an  etiologicid  role,  while,  as  was  remarked  at  the 
beginning,  tlie  latter  almost  never  ban  such  a  significance  in  syrin- 
l^omyelia. 

The  dijignosis  between  syringmny  elia  and  leprosy  may  occasifmally 
be  diMcult.     Lepra  aua^sthetica,  iu  whirh  form  alone  the  ijm^stioM 
could  of  course  arise,  also  causes  nmscular  atro]ihy,  esi)eeially  in  the 
bands,  and  trophic  and  sensory  disturbances,  tlie  sense  of  tempera- 
ture especially  suffering.     On  the  other  hand,  there  are  fouTjd  in  If^p- 
rosy  the  charaiteristicleitrous  skin  affections — nodes  with  ulct^rations, 
white  anrnsthetic  cicatrices,  and  in  the  secretion  of  the  ulcerations  the 
lejira  bacillus  may  be  demonstrated,  whii-lu  of  course^  establislips  the 
diagnosirt  l)eyond  doubt     In  leprosy  tlm  nerves  are  very  sensitive  to 
-  ressure  and  are  to  1>g  felt  as  piiinful,  thickened  cords,  which  never 
ictirs  in  syringomyelia.     The  disturbances  of  sonRiliility  in  leprosy 
*ect  almost  solely  the  hands  and  fcot,  and  in  them  are  developed  by 
ference  in  the  most  peripheral  prtrtions.     They  never  cnrresjMmd 
I  syringomyelia  to  the  individual  segments  of  the  spinal  cord. 
tie  symptoms  in  the  legs  are  rarities  in  leprosy.     And  finally,  the 
t  the  patient  in  cpiestion  comes  from  a  leprous  region  i>r  has 
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receutl^'  dwelt  in  such  a  locality,  is  of  importance  for  the 
of  leprosy. 

Treatment. 

Since  we  cannot  in  any  way  modify  the  disease  pTooeaa  in 
spinal  cord,  it  is  evident  that  there  can  be  no  hope  of  a  suooeasM 
treatment  of  syringomyelia.  There  remain  only,  on  tlie  one  haiui 
palliative  treatment,  t.f,,  securing  a  quiet  life  for  tlie  patient  nod,  i( 
necessary,  heatment  of  the  trophic  affections ;  on  the  other,  snggo- 
tive  or  hope-inspiring  treatment^ — hydrotherapy*  baths,  immtage,  and 
inunctions. 

SPASTIC  SPINAL  PARALYSIS- 

Anatomically,  the  so-called  spastic  spinal  paralysis,  also  ksowo 
as  lateral  scleroBis,  consists  in  a  degeneration  of  the  lateral  pvTamidal 
tracts.  Tliis  is  found  with  relative  frp(iiiency  at  autopsies.  WheUiar, 
however,  it  is  proper  to  regard  it  an  a  primary  disease^  is  a  stall  ns- 
decided  question.  There  is  no  doubt  that  lateral  sclerosis  oecoa 
more  frecjueiitlv  in  tlie  train  of  other  diweases  of  the  ftj>iiml  cord  and 
braiu  than  as  a  perfectly  independent  afl*ectiou  withfiut  any  other 
changes  in  the  central  nervous  system.  A  few  autopsies  do  indeed 
prove  the  fact  of  tlie  occurreuce  of  primary  lateral  Hclerosis,  but  th^y 
must  be  considered  rare  exceptions  incomjiariHcm  with  the  mnchiDi:w^ 
nuiiierouH  cases  in  which  the  affection  simply  constitutes  a  symptom 
ol  tlie  primary  disease.  Since,  therefore,  priiuary  lateral  sclercwb 
must  l>e  regarded  aa  a  rarity,  it  is  l>etter  to  designate  the  symptums 
wliicli  are  produced  in  genend  by  the  degeneration  of  the  lateral  cfi^ 
nmiis  MS  tilt*  spiistic  symptom  complexns.  This  eompleicns  prest^nts 
a  wi>li-marlied  clinical  picture,  which  is  found  in  the  coiinw  nfrv 
rioiLH  dineases  of  the  nervous  system,  to  b©  described  in  detail  fur- 
ther on. 

Symptoms. 

The  disease  always  begins  in  the  lower  extremities  with  the  feel- 
ing f >f  tension  iiiid  HtiffuOvSa.     The  patients  describe  their  conditioii  bj 
the  expreHsiou,  "thetendonB  are  getting  kMi  short."     The  once  per* 
fectly  easy  movemeutjs  of  the  legs  and  feet  become  d"'^     '*    *'      ^ 
is  Dotifeablv'  nffected,  and  all  exercise  of  the  lower  ext 
involvew  effort— such  aa  dancing,  skatingp  mountain- 
\h  either  greatly  impeded  or  rendered  impossible.     ) 
sioii,  fatigue  is  sonn  felt  in  tlie  legs  after  very  « 
mitiirv  twitchiiigs  of  the  legs  ; 
The  jiatliological  condition  is 
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PB.  One  leg  alone  may  be  attacked,  the  other  showing  the  Bame 
nptoms  only  at  a  much  later  r>eriod. 
In  the  further  course  of  the  disease  geuuine  contractures  develop 
in  addition  to  the  weakness  and  stiffneBs^  of  the  muscles.  These 
affect  the  adductors  and  extensors,  eapecially  in  tlie  thigh  and  in  the 
1^,  the  Hexors  of  the  feet,  causing  abnormalities  in  the  i>osition  of 
the  extremities.  Upon  examination  of  the  patients  the  following 
condition  is  discovered :  The  active  mobility  of  the  leg  is  nowhere 
ab*>lished,  hut  is  much  impeded,  liecause  in  every  movement  the  ex- 
cursion of  the  joint  cannot  be  fully  candied  out  on  account  of  the  ten- 
sion of  the  muscles.  If  passive  movements  are  performed — if,  for 
examjde,  one  attempts  to  move  the  thigh  at  the  hip-ji)int,  a  certain 
force  is  necessary  to  overcome  the  tension  of  the  adductors  which  fix 
the  thigh.  In  severer  grades  of  the  affection  such  movement  is  actu- 
ally impossible.  It  can  be  demonstrated  that  the  muscles  are  in 
part  distinctlv  contractnretl,  especially  the  atlductors  of  the  thigh 
and  the  flexors  of  the  feet.  In  consetiuence  of  the  contracture  ot  the 
adductors  the  legs  cann*>t  be  siifficicutly  separated,  and  the  knees 
strike  agaiuHt  one  another. 

The  aff«H*tion  is  most  manifest  in  the  gait,  which  is  called  the 
"spastic  gait."  Since  the  legs  are  kept  flexed  at  the  knee-joint  l>e- 
cause  of  the  contracture  of  the  ilexoi*s  of  the  l>ack  of  the  thigh,  the 
conii>lete  extenwion  of  the  knee  necessary  for  normal  walking  cnnntit 
b«e  effected.  The  foot,  on  accuunt  of  the  contracture  of  its  flexors,  is 
planted  only  by  the  toes,  never  with  the  wh<4*^  sole — it  gives  tlie  im- 
pression that  the  patients  are  glued  t<^)  the  floor.  They  dnig  their 
feet  forward  painfully  by  very  small  ste})s,  seeking  to  comjumHate 
for  the  insufficient  mobility  of  tlie  thigh  at  the  hiiJ-joiut  by  thnisting 
forward  tlie  whole  pelvis.  Their  sh<]>es  are  always  worn  tln*ough 
first  or  even  exclusively  at  the  tiji,  never  in  the  nuddte  of  tlte  sole. 

The  second  peculiarity  of  the  spiistic  crnnplexus  is  the  enormous 
increase  of  the  tendon  reflexes.     A  tiuite  gentle  touch  u]nm  the  ten- 
don of  the  rjuadriceps  suffices  t(3  excite  the  patellar  reflex.     An  ex- 
tension of  the  leg  is  then  jiroduced,  whicli  may  jtass  into  a  tonic  cmi- 
traction  of  the  qnadricei*Sj  lasting  for  several   seconds,  so  that  we 
speak  of  a  })atenar  ttmns.     Very  *  if  ten  the  ]mtellar  reflex  is  excited 
in  the  intensity  just  described  by  simply  seating  tlie  patients  upon  a 
^  so  that  their  legs  hang  free.     The  pidl  u])on  tlie  (|Uadric(^]iH  ten- 
hiis  induced  is  snflicient  to  cause   the  reflex.     Attention    has 
been  directed  to  another  j>henomenon  connected  with  the 
teu^lon,  which  is  dependent  ui>on  the  increased  reflex  ex- 
If  the  patella  is  pulled  forcil)ly  downwards,  a  strong  clonic 
of  the  whole  quadricei>s  is  produced.     lu    the  severer 


792  BRUNe  ANIJ  WmOi^CHElD  — DISEASES  OF   THE  SPINAL  COED. 

forms  of  tlie  spastic  c*im plexus  tlie  so-called  dorsal  or  foot  cIodua  i 
always  ijresent.     U  in  i)assive  exteiisiuu  the  tocyt  is  forced  \ 
upwards,  in  conseiiueiice  of  the  I'eaultiiig  tension  of  tbetendoj 
tliere  occurs  a  vigorous  contraction  of  the  calf  muscles,  which 
duees  a  quivering  uf  the  whole  calf,  and  which  may  even  be  con 
nicate<l  to  the  entire  extremity. 

Otherwif^e  there  are  no  nen  e  diRturbances  in  the  leg?.    The  i 
cles  do  not  atroi>hy,  the  electrical  reaction  remains  nnchauBcdy  \ 
sensibility  eontimies  to  be  normal,  ti'ophic  changes  do  not  occur,  i 
the  funetit>ns  of  the  bladder  and  of  the  rectuni  are  never  < 
The  t!4)ntraetureH  and  the  incre^iaed  tendon  leflexe^  are  the  ch 
istic  features  of  the  disease. 

Occasionally  the  same  process  is  found  in  the    arms,  and  ] 
too,  there  are  contractures  and  8|>aBnis  of  various  musi^-les,  comb 
with  an  increase  of  the  tendon  reflexes.     The  triee|i8  tendon  rellei  ii 
much  pxji^gerated,  and  the  peric:)steal  reflex  is  also  increaaed. 
the  spaBtic  symptom  complex  is  very  rare  in  tht^  anas. 

Etioloqt. 

Tlie  cause  of  these  phenomena,  as  has  already  been  stated,  is  to  I 
sought  in  the  degeneration  of  the  lateral  i>}ramithil  tracts.  It 
probable  tliat  centrifugal  fibres  lie  in  these  tracts,  which  are  to  be  i^ 
garded  as  reflex  inhibitory  in  function.  Lesions  of  these  filire* 
would  naturally  [>roduce  an  increase  of  the  tendon  re^exes.  The 
cause  oi  tlie  contractures,  how^ever,  has  as  yet  not  been  demonatntoi 

The    S[)tLHtie    complex    affecting    tlie    legs    is    found    in 
diseases  of  the  ner%xais  system,  namely,  hydrocephalus,  ©ncej] 
progrcKHivo  i>anLly.4is,     Of  diseases  of  the  spinal  cord  are  espeeiilljl 
be  mentioned  chnmic  myelitis  of  the  cervical  and  dorsal  portioBii 
syringomyelia,  hyJromyelia,  insidar  sclerosis,  amyotrophic  Uiaii 
sclerosis,  and,  finally,  the  combined  system  diseases  as  soon^ 
have  invt>lved  tlie  lateral  tracts. 

Hysteria  may  also  cause  the  complex  of  spastic  aympton 
spastic  i>]ieiiomena  may  o(*cnr  in  lathy rism  and  iu  pella^^i* 

Tlie  diagnostic  i>roblem,  therefore,  when  the  complexus  of  spifitio 
syraphiiim  is  ]>reseiit,  is  Uy  demonstrate  the  existence     ' 
disi'ases  just  niumerat^Hl  by  means  of  the  other  symp 
to  prove  the  dependence  of  the  complex  upon  it.     4 
ufit  l>e  forgot  km  that  many  of  Uie  diseases  mention! 
tlieraselves   for  years  only  l>y  the  spaiitic  sympti^m 
finally  a  sym]vtora  which  does  not  belong  to  it  apj 
tlie  primary  disease  known.     This  is  especially  true 
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MS,     We  must  not  therefoi*e  coucluile  with  abeohite  ceiiainty  fi-oiu 

lie  absence  of  otlier  symptoms  than  tlinse  of  tlie  spastic  sympkjm 

implex:  tiiat  a  case  18  one  of  uiunixed  primary  silastic  spinal  paraly- 

for  death  may  tinally  occur  from  iDtercurrent  disease  before  the 

^primary  affection  lias  had  time  to  manifeBt  itself- 

Prognosis  and  Treatment, 

The  projifnosis  and  treatment  vary  with   the    original    disease. 
[Nothing  is  to  be  exi>eeted  from  treatment,  excejrt  in  case  of  S3'philis, 
len  an  energetic  treatment  by  iomictifJiis  nhould  be  iuatitiited,  for 
itment,  if  too  late,  is  useless.     If  atrojihy  or  cicatricial  tissue  have 
leveloped  in  the  intraspinal  tissues,  mercury  is  no  longer  of  l>eneiitp 
aide  from  the  use  of  mereur> ,  thermal  waters  and  saline  baths  jire 
[the  most  imjjortant  remedial  measures  in  the  unsatisfactory  treatment 
[of  these  chronic  diseases  of  the  spinal  cord. 

AMYOTEOPHIC   LATERAL  SCLEROSIS. 

Amyotrophic  lateral  sclerosis — better  named  myoatropliic  lateral 
[sclerosis— as  its  name  implies^  cousiHts  in  an  affection  of  the  gan- 
lf[;lioii  cells   of   the  gray  anterior  cornua~atro]>hy'-combined  with 
Bpastic  paralyses— lateral  sclerosis. 

Patholo<3ical  Anatomy. 

Corresponrling  to  these  affections,  there  is  found  a  degeneration 
of  the  anterior  and  lateral  pyramidal  tracts,  which  may  be  followed 
from  the  lower  lumbar  to  the  cervical  cord,  but  very  often  froiQ  the 
latter  region  invades  also  the  higher    motor  paths,   Lt'.,  the  motor 
paths  in  the  pons,  the  crura  cerebri,  the  iuteiiial  capsule,  and  even 
tlie  L-eutral  co u vol uti oils,     SimulttLneously  with  this  pnH-esH  tln^re  de- 
velops atrophy  of  the  ganglion  cells  of  the  ant^i^rior  cornua,  whii-h  be- 
ginid  generally  in  the  cervical  cord  and  advances  df>wn wards.     Finally, 
the  atrf)pliy  alHo  attiu^k^  tiie  nerve  nuclei  in  the  medulla  oblongata,  so 
that  the  nuclei  of  the  fat^^ial,   hypoglossus,    trigeminus,   and  vagus 
^arves  may  become  affected.     The  j peripheral    motfir  nerves  which 
Toceed  from  the  ganglion  t'ellm  of  the  anterior  c^jmna  or  from  biilljar 
uclei  manifest  degeneration  also,  although  in  a  lesser  degree.     The 
luscles  which  de]>end  for  tlieir  niitriti<in  upon  the  diseased  gaugboo 
tUs  are,  of  course,  attacked  by  tlegenerative  atrophy.     The  romaiu- 
g  jKJrtions  of  the  spinal  cord,  esi»ecially  the  other  tnicts  of  white 
ptter,  remain  i)erfectly  normal. 
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Etiology. 

Very  Kttle  is  known  witli  regard  to  tt©  etiology-    Exposuw ' 

cold,   overexertion,   psychical  excitement,    and    trauma    have 
thought  to  be  causativej  but  their  influence  c^iniiot  be  positiTeljl 
proved.     The  diaea-se  begins  between  the  twenty -fifth  and  fortj-l 
years.     Men  are  attacked  with  decidedly  greater  freriuency  than  i 
men. 

Symptoms. 

The  begumings  of  the  diseaae  consist  always  in  a  weakness  of  \ 
upx>er  extremities,  especially  of  the  hand  muscles,  and  of  a  stiffn 
in  the  legs,  which  easily  become  tired.     There  in  also  unfiteadines  i 
gait.     Soon  the  first  atrophies  appear  in  the  hands.     These,  as  a  i 
attack  first  the  ball  of  the  thumb  and  the  hypothenar  eminence,  I 
the  interossei.     A  corresponding  loss  of  function  is  produced, 
through  the  preponderance  of  the  antagonists  the  hand  soon 
"clawed''  (main  en  (jriffe).     The  atrophy  then  advances  with  compan* 
tive  raijidity,  and  attacks  the  extensors  of  the  forearm,  the  deUoid, 
and  the  triceps.    The  muscles  very  frequently  exhibit  fibrillary  twitch-j 
ings.    Electrically  there  is  either  no  change  or  a  quantitative  lessen 
of  excitability  ;  iu  certain  muscle  fibres,  esi>ecially  of  the  hand  i 
cles,  a  distinct  reaction  of  degeneration  may  be  detected. 

Besides  these  atrophies,  contractures  also  soon  appear;  thearnw 
are  in  the  iionitioii  of  adduction,  the  forearms  are  flexe<l,  the  haadii 
are  either  pronated  or  strongly  flexed.  Moreover,  the  ])ower  of  tha 
whole  arm  is  more  diminished  than  appears  to  corresiMind  with  the 
ccmditimi  of  the  muscles  first  atrophied.  In  musclei*  in  which  atn> 
phy  can  hariUy  be  demonstrated,  there  is  already  great  loss  of  po»er* 

At  an  early  period  a  considerable  increase  in  the  tendon  reflsMi 
iu  tlie  arms  is  manifested ;  the  periosteal  as  well  as  the  tendinotis  A^M 
Hexes  are  extremely  vigorous.  A  blow  upon  the  tendons  of  th#  iJ^ 
juuator  longus  or  of  the  triceps,  as  weU  as  upon  the  radius,  ctlk 
forth  at'tive  muscular  contractions. 

Sensibility  romaios  quite  normal  in  the  great  majority  of  j 
iu  very  few,  panesthesijie  and  slight  pains  in  the  hai 
described.     Trophic  changes  do  not  occur. 

In  the  lower  extremities  rigidity  of  the  legs  is 
most  conspicuous  feature,  atrophy  in  this  region  I 

Luite  unirirportaut.  The  muscles  of  tlie  legs  shois 
is  and  loss  al  force.  Active  and  passive  spasr 
o  freiiuently  developed.     The  tendon  reflexes 
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gerated;  foot  clonus  can  be  elicited  in  the  majority  of  oases.  The 
spasms  produce  a  spastic-paretic  gait,  the  patients  touching  the 
ground  almost  solely  with  the  tips  of  the  toes  and  dragging  them- 
selves along  with  small  steps.  The  entire  complexus  of  spastic  symp- 
toms becomes  thus  developed.  In  the  legs  there  are  never  disturb- 
ances of  sensibility.  The  bladder,  the  rectum,  and  the  sexual 
functions  are  also  never  affected. 

After  a  duration  of  years  the  process  finally  invades  the  medulla 
oblongata,  and  bulbar  symptoms  are  developed.  These  manifest 
themselves  as  atrophy  of  the  lips,  in  consequence  of  the  implication 
of  the  nucleus  of  the  facial,  and  as  atrophy  of  the  tongue  from  lesion 
of  the  hypoglossus — both  atrophies  produce  dysarthria.  If  the  vagus 
is  affected,  disturbances  of  deglutition,  abnormalities  of  the  heart's 
action,  and  occasionally  also  serious  disturbances  of  respiration  are 
produced.  If  the  degeneration  attacks  the  nucleus  of  the  trigeminus, 
Xmresis  of  the  masticatory  muscles  occurs.  The  sensory  fibres  of  the 
medulla  nerves  likewise  are  never  implicated.  The  reflexes  in  the 
regions  supplied  by  the  nerves  from  the  medulla  are  much  increased ; 
there  is  a  particularly  great  increase  in  the  masseter  reflex. 

The  affection  lasts  from  four  to  six  years.  Of  course,  the  prog- 
nosis is  always  absolutely  unfavorable,  and  therapy  is  powerless. 
Death  generally  takes  place  from  paralysis  of  respiration. 

Diagnosis. 

This  is  not  difficult,  if  it  be  remembered  that  amyotrophic  lateral 
sclerosis  attacks  only  the  motor  apparatus,  and  that  it  consists  in  the 
singular  combination  of  atrophy  of  the  arms  with  spasms  of  the 
legs.  Every  other  disease  which  presents  this  complex  of  symp- 
toms in  connection  with  disturbances  of  sensibility,  can  therefore  be 
excluded.  Syringomyelia,  for  example,  might  be  suspected,  for  this 
disease  also  first  causes  atroi)hy  of  the  hands  and  then  spasms  of  the 
legs,  if  it  were  not  that  there  are  always  marked  disturbances  of 
subjective  and  objective  sensibility.  Only  when  the  posterior  comua 
escax)e  in  syringomyelia,  which  sometimes  liai)pen8,  is  there  a  clini- 
cal picture  which  much  resembles  that  of  amyotrophic  lateral  sclero- 
sis. 

In  chronic  myelitis  atrophies  of  the  arms  and  spasms  in  the  legs 
are  sometimes  met  with  likewise ;  but  at  the  same  time  there  are  al- 
ways more  or  less  pronounced  disturbances  of  sensibility,  and  esi)e- 
cially  of  the  bladder  and  rectum. 

Multiple  sclerosis,  besides  the  symptoms  characteristic  of  amyo- 
trophic lateral  sclerosis,  which  may  also  occur  in  it,  presents  scan- 
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ning  speecli,  intoiitiaii  tremor,  and  atropby  of  the  opiie  nene; 
sioDally  it  caunot  lie  ox  eluded  with  absolute  certaintr. 

The  spinal  form  oi  i>rDgres8i\e  muscular  atrophv,  wlikh  alw^l 
begius  iu  the  miisclee  of  the  hand,  ib  attended  neither  by  < 
of  Beni^ibiJifcy  nor  by  aimsms  of  the  logs. 

Pachymeningitis  cervicalis  hypertrophica  mar  abo  be 
by  paresis  aud  atrophy  in  the  armn  and  spasms  in  the  legs,  Imtluttl 
more  rapid  course;    pain  and  dirttiirlmnces  of  sensibility  mie 
present. 

Peripheral  polyneuritis  may  occasionally'  manifest  the  oompkn  j 
of  symptoms  belonging  ti>  amyotroi>hic  lateral  sclenisis  in  the  im^  < 
but  will  always  show,  l)e8ides  these,  disturbances  of  sensibility,  aai  ' 
tliere  will  be  no  increase  of  the  tendon  retie^ses. 

Finally,  the  bulbar  form  of  amyotrophic  lateral  Bclerosi^  maj  b  ' 
cnnfnunded  with  other  diseases  of  the  raednlla  oblongata.  Tu  b  ^ 
considered  are  the  acute  bulbar  jiaralyse^  from  hemorrhage  m  tA 
eniug,  which  are  distinguished  by  their  soddeniiees  of  oiiset  ul 
chronic  progressive  bulbar  parfil^N'sis.  The  latter  is,  of  eonrae,  ijtuift 
identical  with  the  bulbar  form  of  amyotrophic  latend  sclerosis.  And ii 
distinguished  from  the  purely  spinal  form  of  the  disease  only  bj  tb 
absence  of  atrophy  in  the  hands.  But  the  two  diseases  may  beooa- 
biued  with  one  another. 

Teeatbiekt. 

Amyotro]^hic  lateral  sclerosis  is  incapable  of  lieing  benefited  bf| 
tfeatiJient.     In  the  absence  of  anything  l>etter,  electrotherapy  ia  < 
IjloytHh 
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Tlie  an:itoniical  basis  <»f  this  affection  is  a  lesion  of  the  mo 
[jaratus  fruin  the  gray  anterior  comua  to  the  muscles,  the  motor! 
giitju  cells,  the  auterifir  nerve  nxits,  the  peri[>heral  motor  nerve,  aadi 
fiually,  the  lunscles  also  falling  a  prey  to  degenerative  atrophy. 

PATHOLOOIOAIi  ANATOMY. 

The  tletails  of  the  auatomical  picture  are  as  foUc 
cornua  are  diminished  iu  size;  the  ganglion  cells  o 
wholly  or  in  part  tlisapx>eared;  those  cells  which 
atrojihietl,  i.e,,  the  cell  itself  has  become  die 
contracted,  and  the  processes  are  was* 
granular  aud  have  umlergone  fa" 
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for  the  mtiut  part  exhibit  only  a  partial  dej^eneration ;  beBides  fibrsB 
wbieh  are  still  i»erfeL*tly  normal  are  foiuid  others  with  fattj  or  pig- 
mentary degeneration,  as  well  as  with  interstitial  i^roUferatiou  of  con- 
nective tissue.  The  atrophic  iniiBcles  nhow  in  part  onlv  simple  atro- 
phy, i.e.,  considerable  diruiniition  in  thicknens  of  the  fibres  with 
preservation  of  their  transvcrHe  striation;  but  for  tlie  most  part  there 
IB  degenerative  atroph^'— Bplittiag  of  the  fibres,  increase  in  the  num- 
ber of  the  muscle  nuclei,  ]>rolif(*rati<m  of  tlie  interstitial  connective 
ti88ue,  and  fatty  defeneration  o(  the  muscle  «ul>stance. 

lu  this  disease  the  white  matter  of  the  spinal  t*<ntl  remaius  iiuite 
intact.  The  few  cases  in  whicli  Ijcsides  the  cbauges  already  men- 
tioned  a  de^eueration  t»f  the  lateral  tracts  was  also  found,  must  be  re- 
l^arded  as  atypical,  and  in  view  of  their  great  rarity  need  not  be  con- 
sidared* 

Etiology. 

■  Practically  nothing  is  kn*>\vn  with  regard  to  the  etiology  of  srunal 
I  muscular  atrophy.     Stjmetimes  uver-fatigue  of  the  hands,  as  in  wash- 

■  iiig»  thre.shiiigj  etc.,  may  seem  to  play  a  j>art  iu  the  cansntion;  but  by 
^BO  means  always.  Heredity  Jilso  a]>pear8  to  be  of  little  iufiuence. 
■Men  are  more  frequeutl^'  attainted  than  women* 

SYMPTOJWa. 

The  disease  liegins  l>etween  the  twentietb  jiud  fiftieth  year,  with 
slowly  increasing  weakness  of  tlio  iip[)<'r  extremities,  esfjecially  of  the 
hands.  It  l>eeomes  ditficult  for  the  piitieut  to  perform  delicate  niove- 
nients  with  them.  But  pain  or  other  disturbance  of  seusibility  is 
entirely  abseut.  After  a  time  atrnphy  maDifestH  itself  in  tli© 
hands,  generally  first  at  tack  iug  th^*  aiidut^tor  and  opjjoncus  pullicis, 
but  soon  involving  the  other  muscles  of  the  hand,  the  wlicile  thenar, 
the  hypothenar,  and  the  iuterossei.  H^mcc  arine  the  familiar  Kiukiug 
of  the  interosseous  s[iaires,  the  wasting  of  the  ball  of  th*^  thumb  and  of 
the  little  finger,  and  finally,  thr<aigli  the  jn'ej»nnderanee  of  the  Hexora 
and  extensors  of  the  forearm,  the  ft^tntf  in  [injfv.  As  the  atrophy  ex- 
tends it  over  lea  JJH  usually  the  muscles  of  the  forearm,  to  next  attaek 
he  shoulder  muscles,  especially  the  posterior  and  up|>er  third  of  the 

kUoid.  Then  the  biceps  is  affectetb  lifter  tliat  the  muscles  of  the 
Tm,  the  extensors  at  an  earlier  j>eriod  than  the  flexors.  The  tri* 
^  generally  h pared  f^jr  a  very  long  time,  The  muscles  of  the 
L  re  next  impHejde<1  in  the  atrophy  ;  first  the  trapezins,  next  the 
^^.  the  rhombnideus,  and  the  latissimus  dorsi,  the  muscles  of 
^B  id  neck  generally  es<*ai)ing.     The  atrojihy  very  rarely  oo- 
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curs  in  the  lower  extremities.     If  it  does  appear  here  it  i^  only  in  (iie^ 
last  stages  of  the  disease. 

The  course  of  the  atrophy  just  described,  which  begins  in  Ai 
small  mitscles  of  the  hand  and  advances  graduallj'  in  a  centripelil 
direction— known  as  the  Ducheniae--4j*iiu  tvpe — is  the  most  comaioB 
but  not  the  only  form  of  the  disease.  Thus  it  may  happen  thMtb 
atroph}'  begins  in  the  shoulder  muscles  and  only  subeeqtifiiiflf  lit 
tacks  the  muscles  of  the  band. 

Ml  the  atrophies  in  this  disease  are  well  marked.  Since  the  sab- 
cutaneous  connective  tissue  and  the  fat  participate  in  the  atropbt,  liie 
contoui"s  of  the  bones  are  everywhere  sharply  prominent.  The  atn> 
X)hied  muscles  show  almost  without  exception  strong  fibrillary  cudIiic- 
tions,  which  may  even  be  manifested  in  muscles  whicrh  hare  not  baa 
visibly  affected  by  the  disease.  There  are  variouH  changes  in  tk 
electrical  excit^ibility,  iiccordiug  to  the  eouditinn  of  the  affected  noi- 
cle  or  nerve.  If  a  considerable  number  of  healthy  nerve  and  moaik 
fibres  are  still  present,  there  is  only  a  more  or  less  pronounced  ifoat- 
titative  LliminutHm  of  the  excitability,  which,  as  tliede^eneratiaD]fO- 
gressively  increases,  may  finally  be  entirely  lost.  With  tlie  incrane 
of  the  degeneration  and  atropliy  <^f  the  ganglion  cells  of  the  aoierior 
coruua,  their  trophic  iniluence  pro[)ortiomitely  diminishes  and  Ita 
reaction  of  degeneration  l^ecomes  manifest  in  the  muscles.  This  re- 
action is,  of  course,  only  demonstrable  in  some  of  the  fibres,  baooK 
of  the  slow  progress  of  the  anatomical  changes.  It  will  therefore  ht 
necessary  to  examine  each  bundle  of  fibres  individually,  in  older  to 
detect  abnonual  slowness  of  contniction.  By  some  authowafliih 
crease  in  miisruLir  excitability  has  been  descril>ed  as  occurring  m 
muscles  which  are  not  yet  visibly  atroplued,  this  increase  thni*  lead- 
ing to  the  formation  of  a  bad  prognosis.  This  condition,  howevav 
seems  not  to  be  constant. 

Tlie  ttmdon  reflexes  of  the  arms  are,  o{  course,  eompletelv  abol- 
iwlit^tl.  This  is  true  also  of  the  legs  tis  soon  as  tlie  disease  attacb 
tliem.  Disturbances  of  the  sensibility  are  completely  absent,  nor  nt 
there  any  sulijective  abnormalities  of  sensation  in  the  form  of  rm 
paricstliesia,  etc. 

But,  o]i  the  other  hand»  slight  vasomotor  and  trophic  distoA- 

ances  may  occasionaUy  develop;  above  all,  a  certain  co^^ '*'" 

anonis  of  tlit^  sfcin  over  the  atrophied  muscleji  of  the  har 
and  tljick*^niug8  af  the  skin,  and  brittleness  and  splitti 
The  bladder,  the  rectum,  and  the  genital  functions  ah 
tact. 

Occasionally  in  the  further  course  of  the  disease 
changes  attack  tlie  ner\'e  nuclei  of  the  medulla  ub 
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peripheral  nerves,  and  bulbar  affections  develop  in  the  form  of  atro- 
phy of  the  tongue,  with  conseciueiit  difficulties  of  8i:»eech,  disturb- 
'  anceB  of  mastication  and  of  respiration,  partial  paralysis  of  the  facial 
,  nerve,  etc. 

The  course  of  the  disease  is  always  very  chronic,  extending  often 
Vcfver  decades.     Remissions  hai^dly  ever  occur;  the  disease  advances 
[irresistibly,  though  slowly.     Death  occurs  either  from  iatercuiTent 
^  disease  or  from  pandysis  of  respiration,  in  consequence  of  the  impli- 
cation in  the  atrophic  f>rocess  of  the  respiratory  muscles  or  from 
lesions  of  their  bulbar  centres. 

DUQKOSIS. 

This  is  very  easy  in  the  pronounced  cases,  if  the  significance  of 
the  fiict^  that  the  disease  begins  in  the  hands  and  that  the  sensibiHty 
is  not  impaired  be  appreciated. 

Amyotrophic  lateral  sclerosis  also  produces  atrophy  of  the  mus- 
des  of  the  hand,  the  .sensiliility  remaining  normal,  but  is  always  ac- 
companied by  spastic  phenomena  in  the  legs  and  incre^ise  of  the  ten- 
don reflexes  in  the  arms. 

Pachymeningitis  cervicahs  hypertrophica,  which  may  also  cause 
atrophy  of  tite  hand  muscles,  is  always  attended  by  phenomena  of 
sensory  irritation  in  the  arms,  and  produces  especially  objective  dis* 
turbances  of  sensibility. 

Caries  of  the  cervical  spine  causes  not  only  atrophy,  but  also  ol> 
iectivel\'  demonstrable  changes  of  sensibility  in  the  hands.  More- 
over, at  least  in  its  more  advancod  stagcn,  sciisitiveDess  of  the  cer- 
vical vertebras  on  pressure  f^r  a  gibbua  in  that  region  can  always  be 
detected. 

In  syringomyelia,  the  disease  which  roay  most  reseml)le  spinal 
progi^essivo  muscular  atropliy  with  rt^spect  to  the  degree  of  the  atro- 
l>hy  of  the  hand  muscles,  the  utro[*hies  are  generally  unsymme- 
trically  and  irregularly  deveIo|)ed  in  the  two  hiuids,  and  extensive 
subjective  and  objective  disturbances  of  sensibility  are  always  con- 
spicuoua  features  of  the  disease. 

The  distinction  from  tlie  myijpathic  forms  of  prr»greHsive  nuiscu- 
lar  atrophy-,  the  so-called  progressive  muscular  dy9tro[th^>',  will 
be  necessary  only  in  the  few  exceptional  cases  in  which  spinal  pro- 
gressive muscular  atrophy  l>egius  in  the  sht)ulder  muscles,  i>reciHely 
like  the  juvenile  ft>rm  of  the  dystroidiv,  A.'^ide  from  the  fact  that 
their  further   course  will  diifereotiate  the  diseases— the  dystrophy 

Ldoes  not  attack  the  muHcles  of  the  bauds — a  distiDciinii  can  be  niade 
by  the  behavior  of  the  atrophic  muscles  to  electricitv  ;  in  dystrophy 
there  is  no  reaction  of  degeneration. 
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Certain  foriiis  of  multiple  oeuritis  nmy  ai  timefi  prodoee  I1m>  | 
noraeiiii  of  H[riDHl  muscular  atro]>liy.  But  in  tbam  there  will  all 
be  ftlno  a  diBturbance  of  HenHibOUy. 

Fimiily,  atro|)liy  of  the  Bmall  musclos  of  the  hand  aUo  oc 
the  ftjrm  of  the  soH^valled  oecaimtion  atrophies,  t.e.,  they  aro  pr 
by  overexertiou  of  certaiu  functianaUy  conii6cte<l  mu8cl€«.     Bat  1 
the  Q€CUpatioa  which  oaaaeB  the  damage  maked  the  etiolcigj  i 
and,  moreover,  these  oot»upatioii  atrnj>hit»H  ara  almost  oIwajts 
biued  with  parajHthesii©  and  slight  objectively  demonateible  < 
aiic©«  of  Hf^iisibility. 

Artliritie  luurtt^uhir  atrojihy  may  netnl  counideration,  if  Ilia  i 
der  or  If^g  muwdt*H  are  affected;  lewM  ho  iu  case  of  atro[>by  of  the  wm^ 
cle«  of  the  hand.  Li  the^e  atrotihies,  which  ilei^end  ni>oii  firtiiMrT 
joint  dirteaHe,  it  will  always  l)e  poflsible  to  demouHtnite  the  Utltf» 
while  in  spiunl  prog^^B8ivo  muscular  atroph\  the  joints  aw>  alwiiiih 
l>erfectly  uormaL  Artbritia  atrophy  in,  mt>reover»  mtmlly  impid  in 
itH  ouBet,  but  never  manifcMtH  ({ualitative  electrical  cbaxigeii  of 
bility, 

Fiiiaily,  it  should  Im>  n^iiin  emiihaHizod  that  apiiml  pr 
murtc'ular  atro|>hy  m   a  relatively   mm  dii^eaae,   a  fact   which 
sometimes  be  taken  into  consideration  in  the  differential 

Treatment. 

There  is  no  treatment  for  B[)inal  pntgnjiSHive  muHcular  iitvfiij* 
It  is  ciiBtomary  t^>  prest^rilw?  for  the  patients  electricity,  iiiMMiigi^ 
wanu  baths  (indifferent  thermal  Bpnngs,  siiliue  lmtUs)»  and  the  Bbn 
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TABES  DORSALIS. 


Synonyms. — Locomotor  ataxia;  BUckenmarksschmndsucht ;  Scle- 
rosis of  the  posterior  columns. 

That  such  a  well-marked  disease  as  tabes  should  have  been  first 
recognized  as  a  distinct  affection  only  about  fifty  years  ago  is  not 
flattering  to  the  medical  profession.  It  is  true  that  many  statements 
of  the  older  physicians  are  interpreted  to  apply  to  tabes,  but  these 
expressions  are  so  indefinite  that  no  particular  weight  is  to  be  given 
them.  It  is  generally  stated  that  Duchenne  was  the  actual  discoverer 
of  tabes.  This  is  not  strictly  correct,  inasmuch  as  Wunderlich  and 
others  had  given  very  good  accounts  of  the  disease  before  him. 
Nevertheless  the  admirable  description,  worthy  of  a  clinical  genius, 
given  by  Duchenne,  who  knew  nothing  of  the  work  of  his  predeces- 
sors, deserves  the  highest  praise.  From  Duchenne' s  time  until  to- 
day there  has  flowed  an  ever-widening  sti'eam  of  articles  upon  tabes. 
The  essays  devoted  to  this  subject  up  to  the  present  time  number 
about  two  thousand,  and  every  year  enlarges  and  deepens  our  knowl- 
edge of  the  disease.  It  is  impossible  to  give  here  an  adequate  review 
of  the  literature  of  the  subject.  Those  who  are  interested  in  it  are 
referred  to  special  works.*  If  the  fact  that  the  sharply  marked  pe- 
culiarities of  tabes  were  long  unrecognized  is  not  complimentary  to 
the  perspicacity  of  our  ancestors ;  on  the  other  hand,  the  fact  that 
year  by  year  tabes  is  becoming  more  and  more  common  throws  an 
unfavorable  liglit  upon  the  morals  of  modern  life.  We  know  now  that 
tabes  is  metasyphilis,  i.e.,  a  sequel  of  syphilis.  Tabes  becomes  more 
frequent  in  just  the  degree  that  syphilis  extends.  We  should  not, 
therefore,  regard  ourselves  as  extraordinarily  clever,  for  it  is  now 
easier  for  us  to  study  tabes  than  it  was  for  the  earlier  physicians. 

Like  tabes,  general  paralysis  of  the  insane  was  late  in  being  recog- 
nized but  becomes  more  frequent  year  by  year.  The  two  diseases,  in 
my  opinion,  are  essentially  one— metasyphilis  of  the  nervous  sys- 
tem. Their  localization  alone  differs,  that  is,  if  the  brain  is  especially 
diseased  we  speak  of  general  paralysis ;  in  case  the  centripetal  nerve 

•  I  have  regularly  reported  the  articles  on  tabes  in  Schmidt's  Jahrbtlcber  der  ge- 
sammten  Medicin  since  1879.  In  these  reports  all  of  the  important  modem  con- 
tributions are  reviewed. 
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fibres  are  particularly  affected  the  teim  tabes  ia  used.     The  1 
developmeDt  of  our  knowledge,  however,  and  the  usage  of  pradkil^ 
medicine  separate  tabes  from  general  paralysis.     This  usage,  whidi 
classifies  the  former  with  diseases  of  the  spinal  cord  and  the  lite 
with  mental  diseases,  is  followed  in  this  work. 

Etiology, 

The  ignorance  as  to  the  causes  of  tabes  which  at  first  prevailed  led 
investigators  to  take  into  consideration  all  the  conditions  which  could 
possibly  have  a  share  in  the  origiEation  of  the  disease.  It  is  there- 
fore surprising  that  the  connection  between  syx>hili8  and  tabes  wn 
pointed  out  only  at  a  relatively  late  period  and  that  this  etiologf 
found  at  first  little  acceptance* 

Duehenne  was  of  the  opinion  that  syphilis  often  seemed  to  he  *tti« 
only  rationar*  cause  of  locomotor  ataxia,  but  that  since  the  symptoiii 
were  the  same  as  in  the  other  cases  and  since  antisyphilitic  treataeot 
was  of  no  benefit  this  supposed  etiological  relationehip  did  not  eiist 
Eiseuniaun  and  E.  Schulze,  indeed,  pointed  out  the  importance  etio- 
logical ly  of  aiphilis,  but  their  data  were  insufficient.  It  was  not  iiDtil 
1876  that  A.  Foumier  expressed  emphaticjiUy  the  opinion  that  svpl- 
iUs  is  one  of  the  most  frequent  causes  of  tabes.  Vulpian  sympir 
thizeil  with  his  views  but  believed  that  syphilis  merely  predispoied 
to  Ubes.  In  the  year  1879  W,  Erb  first  supported  Foumier  8  riev; 
of  HO  patients  with  tabes  Fournier  found  previous  syphilis  in  24,  Erfi 
found  27  out  of  44  cases  with  a  syphilitic  history.  In  the  same  jetr 
Erb  reported  the  results  of  an  examination,  as  a  control-exxjerimaii 
of  85  men  over  twenty-five  years  of  age,  among  whona  only  14  wen 
found  to  have  had  syphilis.  Since  that  time  Erb  has  been  led,  hs  i 
coustautly  increasing  accumulation  of  statistics^  to  support  Foor- 
nier's  views  mmt  strongly.  After  his  first  publication  statistics  weif 
collectetl  from  all  ^luai-tera^  and  some  of  tliera  were  of  a  very  unsatifl- 
factory  nature.  Old  histories  of  cases  were  examined,  the  cases  o( 
tabes  in  which  antecedent  syphilis  was  noted  were  collected,  aadtk 
rej^ort  was  juiule  that  only  *20  or  30  per  cent,  were  found  to  be 
syphilitic. 

The    Berlin    nenrolopista,    Westphal,    Remak,    Bernhardt,  *ni 
pg[>ecially  Leyden,  attacked  the  new  dm-triiie  with  e-special  eneiK'^ 
It  found  opponents  in  France  also.     Julliard  and  Charcot  thougbt 
that  syphilif*  of  the  spinal  cord  had  an  appearance  differing  frcim_ 
that  of   tal>es,     Chan'ot  and  his  school  declared  that  a  * 
heredity"   was    without    question    the   cause   of  tabes.      In 
cpient   publications    expressions   of    opinions   for  and 
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^p  theory  alternated  witli  each  other.  L.  Meyer,  of  Berliu,  found  not 
one  ease  with  previous  syphilis  among  19  rases  of  tiiben  in  women. 
A  strong  supporter  of  Fomiiier'a  view  appeared  in  W.  K.  Gowers, 
who  fouod  70  j>er  cent,  of  cases  of  tabes  to  be  Hyphilitic  (1881).  In 
1881  Erb  jjublished  for  the  first  time  statistics  dealing  with  large 
numbers  of  cases.  He  found  of  100  patientw  with  tal>es  88  per  cent,, 
among  400  patieuts  with  other  diseases  only  2H  per  cent,  to  have  had 
Antecedeut  syphilis.  The  question  was  discusseil  at  the  international 
congress  in  London  where  Erb  vigorously  defeuiled  his  views. 

Id  1882  Fournier  Jigain  declared  that  in  the  vast  majority  of  cases 
tabes  was  of  syphilitic  origin.  Siuce  1875  in  117  cases  of  tabes 
lie  had  found  91.45  per  cent,  to  have  had  syphilis.  He  empha- 
sized the  facts  that  tabes  begins  almost  always  in  the  tertiary  stage 
(in  HTi  cases  out  of  SO  after  the  third  y^ar)  and  that  the  syplulis  had 
generally  been  mild.  (Of  B4  cases,  in  none  had  the  disease  been 
irery  severe,  10  had  had  Hyphilis  of  medium  severity,  and  (M  benign 
syphilis,)  lu  18H3  Erb  re[Jorted  2(X)  cases  of  tal>es ;  9  of  these 
were  without  sy  iihilitic  infection.  Of  1/200  cases  of  other  diseases  be 
found  22,75  per  cent,  to  be  infected.  In  1H84  Opjfenheim  found  out 
of  100  cases  of  talies  59  without  syithilitic  infection,  Bernliardt  in 
four  successive  groups  of  statistics  computed  that  40,  60,  57 JJ,  aiitl 
83  per  cent,  of  cases  were  Kyi>hilitic.  This  is  a  good  example  of  the 
way  in  which  the  percentage  grows  witli  increasing  care  in  the  inves* 
ligation  of  the  history  of  the  patients. 

Since  1883  American  neurologists  have  taken  jmrt  in  the  contro- 
versy^  among  whom    may   Ijc    nn^ntionctl    Birdsall,   L.    WeVw-r,    antl 
Seguiu.     The  last-named  found  7*2.22  [ler  cent.  <if  tabes  cases  syjjhi- 
litie.     In  1884  I  was  able  to  dechup  froni  th^^  statistics  of  Fournier 
and  Erb,  as  w^d!  as  from  Erb's  study  rif  st'iit^s  i>f  casps  f>f  other  dis- 
aases,  that   the   connection    betwecji   syphilis   and  tabes   is  as  well 
proven  as  anything  could  be  which  is  not  suHceptilde  of  exact  demon- 
stration, that  negative  do  not  tliH]>rove  [jositive  statistiis,  that  t  lie  re 
are  numerous  facts  besides  thn.s^*  derived  frcan  stati.stics  which  h^atl 
us  to  infer  the  connection,    that  tlin  nl>jections  id  opponents  only 
show  that  tabes   is  not  tertiary  8\  jdiilis,   that  these  objectituiH  h>se 
their  weight  if  tabes  is  reganled  as  a  soquc!  of  syphilis  and  that  with 
our  present  knowledge  it  is  jirojier  to  view  syphilis  as  the  coiuHiio 
fiitie  fftta  i}0}t  or  as  the  piimary  t'luisp  in  all  cases  of  tabes,     Striim- 
3ell  gave  his  adiiesion  to  the  view  that  tabes  is  a  se(]ne]  of  syphilis, 
iving  fcaind  90  per  cent,  of  his  tabes  jiatients  to  Ih^  syphilitic.     He 
mglit  tliat  a  toxin  originates  in  the  body  nf  the  syphilitic,  and  that 
•^oxin  produces  talies.     But  Deitlit-r  he  nor  others  ventured  tt^ 
bhe  existence  of  "non-syphilitic  tabes," 
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la  1885  another  important  work  by  Fournier  appeared*  Of  H 
new  cases  of  tabes  there  were  only  9  in  which  Foumier  tbaught  thai 
syphilis  should  be  excluded,  ^Lod  these  statistics  are  the  mora  vain- 
able  bec^UBa  all  the  importMiit  details  are  ^ven  for  each  eata.  b 
the  two  series  of  statistics  of  FourDier  113  per  cent  of  the  cmmm  «9i 
syphilitic.  Fniiher  study  showed  that  the  frequency  of  oocn 
syphilis  was  piirallcled  by  that  of  tabes  in  different  claaaeA  and 
pies.  Thus  Minor  found  that  the  latter  waa  as  rare  a»  tba 
among  the  Jews,  and  that  Ixjth  were  comparatively  frequaut 
tlie  Eussians.  Several  authors  pointed  out  the  rarity  of  Iraili  i 
among  the  clergy  and  anioog  Quakera,  The  correcfacMia  of 
nier's  doctrine  came  to  be  more  and  more  widely  accepted. 
heim  admitted  it  without  reserve  in  1889,  as  did  alao  F,  Raj 
And  the  netiessity  of  holding  tal^es  to  be  always  the  result  of  ayphilai 
also  became  recognizetl  D.  Dniramond  and  P,  Marie  expirmwt 
that  view  and  Strum t>ell  was  inclined  to  accept  it,  Erb  con 
unwearied  in  the  collection  of  materiah  In  \H96  he  had  alhiii 
posal  the  histories  of  701)  cases  of  tabes,  of  wliich  90*35  por 
w^ere  syphilitic.  Among  his  last  2(XJ  cases  there  were  cmlj  4^ 
which  infection  was  not  probable.* 

The  following  may  be  regarded  as  now  certainly  proren:  In  lb 
great  majority  of  cases  of  tal:>e4*  it  is  iK>ssible  to  demonstraie  tb«  pn- 
vious  existence  of  syphilis*  Tabetic  jiatients  in  whom  auch  tnleoln 
is  improbable  are  extremely  rare.  Before  we  pHX-eed  to  drawfu* 
ther  conclusions  from  this  let  ns  examine  more  closely  the  comljlioo 
under  which  Uibes  appear. 

Jf/c— Tabes  is  extremely  rare  in  children.  If  the  literatim  d 
the  subject  is  explored  we  may  succeed  in  ct>llet.»ting  i^erhajia  Iwdw 
or  fifteen  cases  in  which  talx»s  began  before  the  tifteenth  year.  But 
in  almost  all  of  these  cases,  it  wa8  jKissible  to  demonstrate  heredtlut 
syphilis,  aa  was  the  cuse  in  some  of  Foumier's  patienta,  in  tvodl 
Oowers*,  in  three  of  B.  Remakes,  in  one  of  StriimpeU'a,  etc*  Al- 
most as  rare  is  tabes  in  old  age.  O.  Berger,  however^  reposttd  i 
tabetic  patient,  seventy -four  years  old,  who  had  been  ill  far  H^ 
years.  He  was  infec;tefl  with  syphilis  in  his  aeveiDtieth  yemi*  b 
about  two-fMids  of  the  cases  inheM  begina  l>etween  the  thirlietb  iiii 
fortieth  years^  rarely  before  the  twenty -fifth,  and  rarely  after  thilfr 
tieth  year.     All  authorities  are  pretty  well  agreed  in  thi«. 

Sex, — Tabes  at  the  usual  age  is  much  more  fnH|uent  in  ; 
in  women.     But  this  diffen^nce  does  not  exist  in  tabea  (and 
paralysis)  of  the  joung,  in  which  the  female  sex  is  affected  vitb  i 


*  A  delaSlad  expoettloti  of  th<i  bifttory  of  the  quaitJoo  of  Ibt  ^ffilillllle 
of  tabef  if  to  be  fouuti  in  m^  "  .Vrurukigiaehe  Bultrtf^, "  Htfl  iH 
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:htly  greater  fre<|iiencj,     Statemente  as  to  the  uiuDerical  ratio 
the  frequency  of  the  disease  in  the  two  sexes  vary  greatly.     Erb 

only  32  women  among  600  eases  of  tabes,  Foomier  only  2  women 
112  cases.  Some  German  authors  find  a  ratio  of  1:8;  in  Berlin 
le  ratio  was  fonnd  to  be  1 : 4.4.  Such  differences  depend  manifestly 
part  upon  the  kind  of  clientele,  in  jjart  upon  the  composition  of 
Jie  population.  All  authors  state  that  tabes  is  much  more  rare 
Mnong  the  women  of  the  well-to-do  classes  than  among  the  poor, 
mong  40  female  cases  of  tabes  I  found  only  1  woman  belonging  to 
le  upper  classes.  I  have  personally  examined  about  50  tabetic 
romen.  In  the  great  majority  previous  sy  philis  was  certain  or  highly 
HTobable;  in  not  a  single  case  was  it  improbable.  The  average  age 
if  the  patients  was  thirty -five  years;  the  average  interviil  between  the 
philis  and  the  beginning  of  tiil^es  eight  years.  Of  32  tabetic  female 
mtients  of  Erb's  14  were  certainly,  12  very  probably  infected;  in 
only  2  was  there  no  evidence  of  infection.  Recently  Erb  has  reported 
9  additional  cases  of  which  6  were  certainly,  2  almost  certainly,  and 
very  probably  infected  with  syphilis. 

Coioitnf  and  Clam. — In  the  so-called  civilized  countries  tabes 
►robably  occurs  everywhere  with  about  equal  fretjuency,  and  Hh  rela- 
.oub  to  age,  sex,  and  class  are  everywhere  the  same.  That  it  ii^  much 
,ore  rare  among  barbarous  thau  among  civilized  peoples  seems  also 
b©  certain.  It  is  here  alone  that  the  freqneucy  of  tabes  and  that  of 
philis  do  not  appear  to  coincide.  Re]jorts  of  (jeoples  among  whom 
philis  is  said  to  be  widespread,  but  tabes  very  rare,  are  fre<iuent. 
[t  is  true  that  the  Rtatements  im  to  the  freipiency  of  sypliilis  ofteu 
ifest  upon  very  insufficient  foundatiou,  but  the  fact  ma\'  Ije  admitted 
to  be  in  general  correct.  If  this  l>e  the  case,  we  must  suppuse  that 
eertaia  secondary  couditioaH  are  necessary'  if  tabes  is  to  follow  syph- 
ilis, and  these  must  be  left  for  the  future  to  make  clear.  At  all  events, 
this  lack  of  parallelism  between  the  two  affeetious  does  not  obtain 
everywhere,  for  among  the  Arabs  of  Xoi-th  Africa,  for  example,  more 
careful  investigation  has  showu  that  the  occurrence  of  tabes  and  of 
general  paralysis  keeps  pace  witli  ttie  exteusiou  of  syphilis. 

In  ci \dli zed '  lauds  there  is  a  contrast  between  city  and  country. 

In  the  country  tabes  is  much  more  rare  than  in  the  city,  and  the 

ger  the  city  the  moi-e  frorjuent  the  disease.     It  is  more  correct, 

•haps,  to  say  that  tabes  increases  in  proportion  to  the  facilities  of 

imunication.     The  closer  the  relations  betweeu  city  and  country 

rvice  in  the  army,  railroads,  etc.),  the  more  does  tabes  extend  into 

country ;  and,  on  the  other  hand,  the  more  isolated  the  region  or 

comrauuity,  the  more  rarely  is  tabes  found. 

The  difference  between  the  classes  of  a  community  is  very  clearly 
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marked.  Althougli,  as  has  alreaily  been  remarked,  the  woman  cif  tfe 
Ho-called  higher  classes  are  much  leHS  freiiueotly  affect^Ml  tli)40  tbuie 
of  the  lower,  in  men  the  reverse  it*  true.  In  thorn  thi'*  majority  of  bir 
V>etic  ijatients  are  found  among  the  **  citlturenl"  The  diB^^iiS^  b  mam 
freiiUBnt  in  private  practii^^  than  among  the  poor.  It  waa  in  fNrifiAi 
practice  that  Erb's  great  nnral>er  of  canes  was  ol^ttLiued.  AnMOOgM 
of  his  cases  there  were  324  meivhantrt  and  manufaetnrorfi,  30 
34  lawyei-s,  24  professors,  teachers,  eU.\,  aud  1  clerg)  mjui.  Tln> 
ity  of  talM^8  in  ecclesiastics  is  quite  surprising*  Bouchard 
monstrat^d  this  to  lie  true  also  of  the  Freuch  clergy  with  TMpad  I 
their  liability  to  general  paralysis. 

We  may  sum  up  what  han  In^en  alreiuly  said  somewhat  «•  iolkMi: 
Talies,  an  extremely  chronit*  disease,  Wgins  as  a  role  al 
age,  witliiu  tht^  third  and  fourth  de<.*fules,  and  with  few 
spares  the  first  two  deciides  and  old  age.  It  is  much  more  frMiimt 
in  men  than  in  women  (in  great  cities  four  to  five  timec%,  in  i^osil 
perhaps  seven  or  eight  times  as  fre<inent).  It  is  the  more  (n*c[iMriitfj 
met  with  the  larger  tlie  city.  It  is  very  rare  in  certain  cln«cii  (fip^ 
cially  the  clergy),  but  has  a  predilec^tion  for  other  claftMMi  (ntftrliiBli. 
oSicers,  literary  men).  How  are  these  singular  relations  Id  be  lot* 
plained?  They  point  to  social  ccmditions,  and  yet  we  should  ! 
expect  that  tlie  oecurrence  of  a  disease  like  tabes  w<»uld  vary  witH 
sex  and  position  of  the  patients.  We  may  therefore  well  itKptiitit  I 
similar  relations  are  met  with  in  other  affec^tiom*.  \*m,  but  nfaUTJ 
uuly  iu  two  diseases— general  paralysis  and  syphilis.  Tli©  fofWf ' 
appears  nntler  pitxnsely  the  same  circumstances  as  tabes,  and  tha  fal- 
ter differs  only  in  that  it  makes  its  apjiearance  at  an  earlier  ig^-^a 
the  average,  in  the  third  decade.  The  explanation  is  not  at  tut 
sight  cfisy  with  regard  to  t^bes  and  general  jwiralyHis;  but  iha  iafc* 
euce  of  sfK'ial  conditions  U|)on  the  dissemination  of  ayphilts  ti  piC* 
fectly  clear.  Syphilis  is  acijuired  at  the  age  when  the  sexual  intliici 
is  most  acrtive  and  it>i  legitimate  gratification  is  often  not  (u^atdbliv  tliil 
is»  betwtM^n  the  twentieth  and  thirtieth  years.  Taiheaacanaifif  idal 
life,  which  constitute  the  %ast  majority »  are  to  be  added*  on  Umibk  J 
hand,  tht>se  in  which  sy]>liilis  is  present  from  the  beginning*  Ihit  i^  I 


Ui  ^i\\  is  cMmgeuibil,  and  on  the  other,  those  in  which  tha 
fto(iuire<I  late  in  life,  after  the  fortieth  year. 

It  is  worthy  of  note  that  in  the  tabes  of  childli<iacl  tht  diffifta^ 
between  the  sexes  is  absent,  which  is  explained  by  the  (act  thai  W- 
peditary  syphilis  attacks  both  sexes  wnth  about  eciual  fnsqtieiic^.  I* 
acquired  83  philis  the  male  sex  must  be  preponderatinglj 
since  its  source  is  prc^stitutes,  each  of  whom  infeeta  a  lar^^ 
of  men»  while  the  lattt^r  only  exceptionally  spread  the 
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farther.  In  the  lower  classes  sexual  intercourse  is  more  facile  than 
in  the  higher,  hence  syphilis  is  readily  disseminated  among  women 
who  are  not  professional  prostitutes.  The  men  of  the  upper  classes 
gratify  their  sexual  appetite  for  the  most  part  with  the  women  of  the 
lower  classes,  marry  comparatively  late  in  life,  and,  if  they  have  be- 
come infected,  generally  take  the  precaution  to  x)Ostpone  marriage 
for  several  years.  The  number  of  prostitutes  and  the  laxity  of  morals 
are  greater  in  the  city  than  in  the  country  and  increase  with  the 
size  of  the  city.  The  classes  the  great  majority  of  whose  members 
are  virtuous  are  spared ;  those  who  pride  themselves  upon  being  ^  men 
of  the  world*'  furnish  the  largest  number  of  victims.  Thus  all  the 
apparent  inconsistencies  are  at  once  and  com])letely  explained  and 
can  only  be  explained  by  the  relation  of  tabes  to  syphilis.  What 
seemed  mysterious  becomes  at  once  clear  if  we  accept  this  connection. 
The  chronic  disease,  tabes,  follows  in  the  footsteps  of  the  chronic  dis- 
ease, syphilis,  but  years  always  intervene.  The  interval  between 
syphilis  and  tabes  varies  greatly.  It  may  range  from  two  to  twenty 
years,  in  the  majority  of  cases  it  varies  from  five  to  fifteen  years,  and 
it»  mean  duration  is  from  seven  to  eight  years.  Everything  that  has 
been  said  of  tabes  applies  with  eciual  force  to  general  paralysis. 
Whether  it  be  regarded  as  tabes  of  the  brain  or  as  an  independent 
disease,  the  conclusions  drawn  from  the  study  of  tabes  are  equally 
true  of  it,  each  chain  of  inferences  strengthening  the  other. 

We  have  then  in  the  first  place  the  statistical  proof  that  the  great 
majority  of  tabetic  patients  are  also  syphilitic;  secondly-,  the  proof 
that  the  peculiarities  of  the  occurrence  of  tabes  can  be  understood  only 
on  the  supposition  of  antecedent  syphilis;  and  thirdly,  it  remains 
to  be  demonstrated  that  only  a  slowly  acting  poison  is  conceivable 
as  the  cause  of  tabes. 

Tabes  begins  with  lancinating  pains  in  the  legs  and  with  vesical 
disturbances,  often  also  with  impairment  of  the  sight;  there  are 
found  at  the  onset  reflex  iridoplegia  and  absence  of  the  knee-jerk ; 
and,  as  a  rule,  both  sides  of  the  body  are  affected  about  equally. 
From  these  facts  we  must  conclude  that  the  noxious  agent  which 
causes  tabes  is  present  in  the  whole  body,  for  one  which  acted  locally 
could  not  affect  the  head,  the  bladder,  and  the  legs  at  the  same  time, 
and  could  not  produce  approximately  symmetrical  symptoms.  Now 
a  noxious  agent  cannot  affect  the  entire  body  unless  it  circulates  in 
the  blood.  The  cause  of  tabes  must  therefore  be  in  the  blood.  •  Since, 
however,  certain  parts  only  are  affected,  but  the  same  parts  in  all 
peoples,  all  classes,  and  in  lx)th  sexes,  the  .substance  contained  in  the 
blood  must  be  able  to  make  a  selection.  Mechanical  conditions  in  the 
human  body  which  could  explain  this  selection  are  not  to  be  found. 
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The  functions  ol  orgaias  carmot  be  responsible  for  it,  for  the  I 
exercises  no  function  which  is  not  also  exercised  by  other  dmu 
sequent! J  we  can  conceive  of  but  two  possibilities,  xiz.,  thej 
selection  eserciseii  by  living  beings,  and  chemical  affinity -ia< 
words,  we  have  to  do  either  with  bacteria  or  with  a  purelv  i 
poison.     Anatomical   investigations   lead  to  the  same  result  IliJ 
also  discloses  approximately  symmetrical  changes  ia  cEtiFerent  ]Alj 
of  the  body,  in  the  optic  ner%'e,  in  the  midbrain,  in  the  pmceaaan 
spinal  ganglion  cells,  and  in  the  peripheral  nerves.    Tlie§ec 
consist  in  the  death  of  certaiu  nerve  fibies  and  cells,  certaiD  j 
within  the  fasciculi  which  subaerve  certain  defiuite  functioDi  | 
alone  iujured.     From  the  simple  appearance  of  the  tliasaid  1 
lesions  one  can  conclude  that  such  chauges  could  be  prodaoJl 
by  a  poison  which  circulates  in  the  blood.     But  what  poison  ( 
that  of  syphilis  could  come  into  question? 

Most  authors  have  not  been  able  to  escape  the  force  of  aU  t 
guments.  ^  The\'  believe,  therefore,  that  tabes  is  "often'Vjr  *a*ifl 
the  result  of  syphilis,  or  they  say  that  syphilis  is  **  the  mriSl  ii 
tant  cause"  of  tabes.  I  believe  that  we  should  not  stop  here-t 
must  regard  syphilis  as  absolutely  and  always  the  cause  oft 
According  to  the  most  tinistworthy  statistics  ninety  j>er  r*»Dt  'i<l 
cases  is  accounted  for,  the  question  now  is  with  regard  %o  iJi^  i -*•''* 
per  cent.  The  leFidem  in  the  controversy,  Fouruier  aD«]  Ij-  ** 
checked  by  tins  last  ten  per  cent,  and  it  is  ui'ged  against  ti-ri'^^ 
that  syphilis  cannot  jdways  be  the  cause  of  tabes  because  u: 
ol  ten  CiLses  it  is  not  possible  to  demonstrate  the  infection,  ll 
say  we  are  rather  to  wonder  at  our  success  in  ninety  |>er  ceiit.  i 
of  the  difficulties,  the  obstinacy  with  which  syphihs  is  dfiai«4l 
the  fretiuency  of  unrecognized  or  concealed  syphiUs.  H" 
Vienna,  has  found  that  in  tertiary  syphilis,  when  thei-e  w,i 
whatever  of  the  diagnosis,  it  wjis  not  possiljle  to  prove  if 
more  than  one-third  of  the  cases.  But,  aside  from  stati 
voice  of  reason  has  also  a  right  to  be  heard.  When  » 
marked  characteristics  is  found  it  surely  occurs  to  no  one  t<> « 
that  such  a  disease  has  now  this,  now  that  cause.  Is  it  Wie^ 
malaria  arities  to-day  from  plasraodia  and  to-morrow  witWM 
or  that  tetanus  is  produced  at  one  time  by  Nicolaier 
another  by  taking  cold?  If  in  ten  cases  of  epidemi* 
vibrios  are  fountl  in  nine  but  not  iii  the  tenth,  it  is  surf 
that  the  tenth  case  originated,  say,  from  dietetic  erro> 
raaiuing  nine  from  the  cholera  bacillus.  But  where  is 
that  is  more  Hui  generis  than  tabes,  which  is  unique  in 
tinctness   of  its   minutest  characteristics?     And  this 
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which  is  said  not  to  have  a  single  source !  The  longer  I  reflect  upon 
it  the  more  firmly  I  believe  that  tabes  never  originates  without  syph- 
ilis, and  I  am  convinced  that  this  view  will  become  universal  at  a  not 
very  distant  time.  Tabes  and  general  paralysis  are  metasyphilis,  or 
metasyphilitic  nerve  atrophy,  i.e.,  primary  atrophy  of  nerve  tissue, 
the  conditio  sine  qua  non  of  which  is  syphilis. 

From  the  beginning  the  opponents  of  this  view  have  laid  stress  upon 
two  facts :  First  that  the  anatomical  changes  of  tabes  do  not  resemble 
those  recognized  elsewhere  as  syphilitic;  second,  that  mercury  and 
iodine  are  of  no  value  in  tabes.  These  facts  are  correct.  Tabes  is 
parenchymatous  ati*ophy,  not  syphilitic  neoplastic  growth,  and  anti- 
syphilitic  treatment  has  not  the  same  effect  upon  it  which  it  has  upon 
the  formation  of  gummata.  In  so  far  tabes  does  not  resemble  the 
other  manifestations  of  syphilis.  This  fact  and  the  relatively  late 
development  of  tabes  after  syphilis  I  recognized  in  1884  when  I  de- 
nominated the  former  a  sequel  of  the  latter.  The  term  **  metasyphilis" 
carried  with  it  the  same  significance.  I  intended  to  express  nothing 
by  the  name  as  to  the  mode  of  the  causal  connection,  with  regard  to 
which  nothing  is  as  yet  known.  We  can  only  refer  to  analogous  re- 
lationship. As  Striimpell  has  correctly  x)ointed  out,  tabes  stands  in 
the  same  relation  to  syphilis  as  diphtheritic  paralysis  to  diphtheria. 
The  differences  are  explained  by  the  difference  between  syphilis  and 
diphtheria.  The  latter  is  an  acute,  the  former  a  chronic  infectious 
disease,  and  tabes  develops  at  a  later  period  after  infection  and  pur- 
sues a  more  chronic  course  than  diphtheritic  paralysis,  in  correspond- 
ence with  the  chronicity  of  the  original  affection.  That  the  tabetic 
changes  are  as  a  rule  incurable  is  explained  by  the  fact  that  in  the 
parts  of  the  nervous  system  which  are  attacked  by  it  no  regeneration 
takes  place  in  any  case;  the  lesions  of  the  spinal  cord  after  smaU- 
pox,  for  example,  are  also  incurable.  In  so  far  as  the  peripheral 
nerve  fibres  are  primarily  affected  in  tabes,  the  tabetic  symptoms  are 
curable.  The  most  extraordinary  feature  is  the  progressive  character 
of  tabes.  Should  it  not  follow  its  prototype,  syphilis,  with  respect 
to  its  course  also?  We  can,  it  is  true,  remove  the  syphilitic  symj)- 
toms  by  treatment,  but  we  are  not  really  able  to  check  the  course  of 
syphilis.  In  the  strict  sense  of  the  word  neither  disease  is  always 
progressive,  for  in  many  cases  tabes  may  cease  to  advance  for  the  re- 
mainder of  the  patient's  life.  It  is  to  be  noted  that  tabes  also  not 
unfrequently  develo]>s  in  exacerbations  as  does  syphilis.  Strumpell's 
view  that,  in  contrast  with  gumma,  tabes  arises  not  from  the  syphi- 
lis bacteria  themselves  but  from  a  toxin  derived  from  them  has  been 
widely  approved.  But  at  present  the  view  is  held  that  the  tertiary 
products  also  originate  not  from  the  simple  presence  of  the  bacteria 
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but  from  the  poison  excreted  by  them.  We  should 
obliged  to  assume  the  exiBtence  of  toxina  of  various  kinds.  Bal 
these  speculatioiig  are  in  the  air,  alxne  the  realm  of  facia.  Thk  if 
ereD  more  true  of  Hitzig's  LjputbeHiK,  which  assumee  thai  tftbmcim 
its  existence  t*i  a  peculiar  i>oi8oii  whleb  iiiav  be  present  not  only  ti 
the  syj)hilitic  chaiicrf)  but  io  the  8t>(t  chancre  as  well.  I  think  ibai 
the  cliuician  Hhoukl  cooteut  himni'lf  for  the  present  with  the  hdi, 
and  that  he  >ihould  let  the  bach^riologint  and  the  chemist  do  their  fill 
towards  the  Hohitiou  of  the  problem. 

It  is  Htated  liy  many  writers  that  as  a  rule  the  syphilis  which 
oedes  talH\s  has  1)eeQ  benign,  in^Lsniucli  an  the  secondary  and  lei 
HymptoiiJH  liave  not  l)eeu  coBBpicuouij,  But  exceptions  to  this  ndt 
are  not  very  rare.  It  might  be  inquired  whether  an  inf ectkui  vlnek 
is  followed  by  inetany  pliilis  should  Im  considered  beuignt  and  wfcitt 
er  the  condition  of  the  inajority  of  thcM^e  infected  is  not  thasaaoit 
tliat  of  thiwe  patieuts  who  develop  hdiea  at  a  later  jjeriixi,  Thisqiv- 
tion  could  l»e  Wst  decided  by  the  sy philologists.  Foamier 
tliat  tjd>es  HO  often  follows  apparently  lienign  caises  of  syphilis 
the  antisy  philitic  treatment  has  Ix^c^n  insufficient  in  such  cssses,  Ilii 
conclusion  is  manifestly  oi>eu  to  criticism,  and  Founvier  hinmif  hm 
admitted  tliat  those  whose  treatment  lias  lieen  **  sufficient**  aeeofdiai 
to  his  meaning  of  the  wonl  do  acquire  tal^es.  The  further  qSMttfiS 
how  many  of  the  infected  sulmequently  d<?velop  talies  camiol  ftlbl 
answered.  Here,  too,  the  sv philologists  Ciuild  lie  of  tiiTirintinrtiL  ^ 
their  condusicms  should  not  b«^  based  on  olisenation  of 
It  is  certain  that  only  a  small  part  of  the  sy])hilitio 
Consequently  there  must  be  reasons  for  the  selection — i 
ditionfi  or  causes.  We  may  suppose  that  chance  often  plays  a  psii 
just  as  no  esjiei'ial  exj»lanation  is  demanded  of  the  fiM;t  that  oMpi* 
tieat  has,  another  has  not  an  iritis  or  an  orchitis  syphilitiim.  laauj 
oasei  very  little  is  known  an  yet  as  to  the  aei^esBory  conditaona. 

The  most  natural  assumfition  is  that  the  jiaris  which  humHnM^t' 
mcjst  actively  are  ej^pecially  threatened.  With  regard  Id  IbIns  Ip  I 
follow  ing  point  seems  to  me  worthy  of  note.  The  functional  mdMn 
of  the  nervous  system,  especially  of  its  sensory  jiortianfl^  is  tfisei^ 
tain  sense  pn.qK>rtional  to  the  development  of  ciriliisaticMs,  We  W 
therefore  sup[Kjse  that  the  danger  of  tabes  grows  as  civiliaalioa  iJ* 
vances,  thus  explaining  the  statement  made  in  many  qoarlen  IW 
syphilis  is  freipient  but  tal>ei4  rare  among  certain  unciiilised  peopli^ 
It  is  also  remarkal>le  that  not\vithstat]ding  the  frequency  of  heiadiivy 
sypliilis  talies  apijeara  to  be  very  rare  in  youth.     NenropAlhici 
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tionB  may  also  be  regarded  as  an  accessory  cause.  The  neuroses  also 
increase  with  the  progress  of  civilization  and  x)erhaps  more  rapidly 
than  the  latter. 

From  my  own  experience  the  importance  of  heredity  in  tabes  seems 
to  me  to  be  very  slight.  I  was  probably  the  first  to  call  attention  to 
this  point  (1879).  Among  61  tabetic  cases  I  found  only  1  case  in 
which  a  member  of  the  family  had  had  tabes  and  only  6  in  which 
other  nervous  affections  (paralysis,  epilepsy,  and  nervousness)  had 
appeared  in  the  family.  At  a  later  time  Charcot  and  Strumpell  ex- 
pressed similar  opinions.  Erb  found  in  279  patients  77  neuropathic, 
and  only  twice  an  apparently  direct  hereditary  transmission — that  is, 
both  father  and  son  affected.  Twice  he  found  two  syphilitic  brothers 
with  tabes.  Charcot^s  pupils  alone  maintain  that  nervous  heredity 
plays  an  important  part.  Ballet  and  Landouzy  found  in  101  cases  no 
known  cause  52  times,  certain  syphilis  14  times,  probable  syphilis  11 
times,  undoubted  nervous  heredity  17  times,  probable  heredity  7 
times.  The  slight  value  of  these  statistics  appears  from  the  small 
number  of  cases  of  syphilis.  Under  the  term,  nervous  heredity, 
are  comprehended  all  possible  nervous  diseases  of  the  family.  But  I 
will  undertake  to  find  among  100  patients  of  any  kind  24  in  whose 
family  nervous  diseases  of  some  kind  have  occurred.  It  is  possible, 
nevertheless,  that  the  neurotic,  if  they  become  syphilitic,  are  in 
greater  danger  of  developing  tabes  than  others,  their  nervous  system 
being,  so  to  speak,  a  locus  minoris  reMstentice.  The  fact  that  two  or 
three  cases  of  tabes  or  of  general  paralysis  occur  sometimes  in  the 
same  family  seems  to  point  to  this.  But  such  theories  are  pure  as- 
sumptions and  it  is  certain  that  in  the  majority  of  cases  of  tabes 
heredity  plays  no  part. 

That  the  abuse  of  alcohol  is  to  be  regarded  as  an  accessory  cause 
of  tabes  I  do  not  believe.  It  is  but  little  considered  in  the  statistics, 
for  I  find  it  mentioned  in  only  about  ten  per  cent,  of  the  cases.  It 
would  probably  be  found  that  ten  x)er  cent,  and  more  out  of  one  hun- 
dred men  of  the  well-to-do  classes  who  are  not  tabetic  have  indulged 
in  alcoholic  beverages  to  excess.  However  justifiable  the  opposition 
to  alcohol  may  be,  it  should  not  always  be  made  a  scapegoat. 

That  the  misuse  of  tobacco  has  anything  to  do  with  the  causation 
of  tabes  is  a  quite  unproved  and  highly  improbable  assertion. 

Exposure  to  cold  is  certainly  not  without  importance.  It  was 
formerly  regarded  as  the  chief  cause  of  tabes  and  there  are  still 
authors  who  so  regard  it.  The  patients  themselves  are  apt  to  be 
much  in  favor  of  this  etiology.  Sometimes  they  feel  pains  in  the 
legs  which  they  and  their  friends  regard  as  rheumatic.  Hence  they 
draw  the  conclusion:  "Since  I  have  rheumatic  pains,  I  must  have 
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taken  cold/*  At  other  times  the  patients  can  reallv  potnl  to 
expoBure  which  has  preceded  the  first  appearance  of  the  paitn. 
the  latter  cases  it  is  natural  to  suppose  that  tabetic  chaogei ' 
already  prment,  but  that  the  exposure  to  cold  was  the  exciting  cmt 
of  the  fimt  pains,  just  as,  when  talies  already  exists,  attaclLa  of  jum 
are  not  iofreciuentlj  produced  by  cold,  A  greater  imixirtaooa  iite 
l>e  ascribed  to  what  may  be  called  chronic  chilling,  living  in  dmp 
dwellings,  working  in  the  water,  bivouaekiug  in  the  field,  etc*  It  k 
conceivable  that  many  a  syphilitic  would  have  esca[)ed  taliea  if  bdhftd 
not  hi^n  exposed  repeatedly  to  cold.  On  the  other  tuuid,  conttttoi 
men  endure  snch  exposure  without  material  injury,  and  in  ibegmlii 
numl^er  of  tabetic  patients  there  is  no  history  whatever  of  it. 

Mni^  difficult  of  credence  is  the  idea  thai  overexertion  is  cif  tab* 
ence  in  the  causation.  Alm«>8t  all  men  are  ezpooed  to  fatigue,  bat 
tabetic  patients  are  often  less  so  exposed  than  many  otbem.  Hit 
overexertion  may  be  [>rejudicial  to  one  who  is  already  ill  is  at 
enough. 

Much  attention  hns  been  given  to  an  examination  of  th**  ♦[B 
whether  there  is  a  traumatic  tabes,  Hitzig  has  undertaken  th«  I 
of  examining  the  cases  re|>orted  under  this  title,  and  out  of  thixij-f<» 
CASBs  has  selected  six  which  coukl  to  some  degree  withstand  i 
Even  in  these  cases  the  pnxrf  that  tabetic  changes  were  not 
before  the  traumatism  is  generally  wanting.  That  an  injmy  tiom 
conld  piYMhice  tabes  is  so  unreasonable  that  it  is  not  neossaafy  1^ 
discuss  it  seriously.  At  most  it  could  only  be  supposed  thst  lit 
effect  of  the  injury  was  to  localize  or  make  worse  the  original  ^ 
ease.  It  is  not  infrequently  stated  that  the  tabetie  pains  finli 
peared  in  an  injured  limb.  Tabes  is  of  course  sometiniea  < 
with  traumatic  hysteria. 

It  would  be  a  waste  of  time  to  discuss  all  of  the  v 
which  have  been  brought  forward  as  causative  of  tabee,  sooh  i 
excesses,  spermat^irrhcea,   pneri]>eral   processes,   hemorrhages,  aooli 
diseases,  emotional  distnrbaDces,  etc.     These  are  of  coume  all  faqo* 
riousto  and  diminish  the  iK>wer  of  resistance  of  the  bQ4>^  andsowiS^j 
favor  the  development  of  any  disease,  tal>e8  among  otbem,  haki 
cannot  l)e  conceded  to  bear  any  direct  relation  to  the  tabetie  pr 

When  it  Ijecame  evident  that  in  the  majority  of  cases 
tients  are  syphilitic,  and  that  taljes  is  only  intelligible  as  tbs 
of  an  intoxication,  many  thought  that  perhaps  other  poisons  1 
that  of  syphilis  may  ocxmsionally  be  the  cause  of  tabea.  The* 
%*ations  of  Tuczek,  who  found  in  ergotin^poisoning  a  chioniedisstfi 
with  some  tabetic  traits  and  with  degeneration  of  the  poslsiior  i9ot 
seemed  especially  to  point  towards  this  view,  and  the 


I  finli^ 

QsS^ 

kSSSOH^ 

II  iaflr 
sas  ps^ 


PATHOLOGICAL  ANATOMY.  817 

"ergotin-tabes"  was  employed.  That  the  aflfection  in  ergotin-poi- 
soning  is  neither  clinically  nor  anatomic^dly  genuine  tabes  Tuczek 
himself  has  shown,  and  no  one  as  yet  has  been  able  to  find  a  poison 
which  can  cause  that  disease.  It  is  highly  improbable  that  such  a 
poison  exists,  for  in  all  pathology  there  is  no  example  to  show  that 
two  poisons  can  produce  precisely  the  same  disease,  least  of  all  a 
disease  so  mi  geiieria  as  tabes. 

Patholooioal  Anatomy. 

The  clinical  manifestations  of  tabes  are  those  of  a  slow  death  of 
nerve  fibres  and  cells.  It  is  quite  certain  that  the  first  change  is  the 
death  of  ^  the  nobler  parts,"  the  parenchyma,  and  that  the  implication 
of  the  interstitial  tissue  and  of  the  blood-vessels  is  secondary.  The 
explanation  of  the  process  probably  is  that,  through  the  death  of  the 
parenchyma,  the  impulses  to  growth  latent  in  the  subordinate  tissues 
are  liberated,  and  that  the  products  arising  from  the  retrograde 
changes  of  the  parenchyma  act  as  irritants  to  cause  inflammatory 
proliferation.  The  secondary  changes  reach  a  different  degree  of 
development  in  different  cases,  this  depending  presumably  in  great 
part  upon  the  rapidity  of  the  course  of  the  disease,  perha{)s  also  upon 
individual  peculiarities.  The  parts  first  affected  in  tabes  (aside  from 
certain  localities  in  the  brain)  are  the  fibres  which  originate  in  the 
spinal  ganglia  and  run  their  course  through  the  posterior  columns  of 
the  spinal  cord,  the  fibres  of  the  posterior  roots.  It  appears  that 
the  first  changes  of  these  fibres  do  not  always  become  visible  at  the 
same  places,  and  that  the  degeneration  is  sometimes  first  found  in  the 
root  zone  of  the  posterior  columns,  sometimes  in  the  posterior  roots 
themselves.  The  cells  to  which  the  root  fibres  belong  are  those  of 
the  spinal  ganglia.  The  latter  present  at  first  little  evidence  of  dis- 
ease; they  have  been  found  in  some  cases  apparently  normal,  in 
others  partly  degenerated.  The  cell  and  its  processes  constitute  a 
physiological  unit,  and  this  unit  is  either  healthy  or  diseased. 
Whether  the  change  manifests  itself  in  the  cell  or  in  the  processes, 
the  presence  of  either  form  proves  that  the  whole  is  diseased. 

The  visible  changes,  as  is  well  known,  propagate  themselves  in 
definite  directions,  t.e.,  towards  the  ends  of  the  processes.  The  de- 
generation of  the  processes  of  the  posterior  roots  is  followed  by  a  simi- 
lar degeneration  of  their  continuations  in  the  spinal  cord.  Hence  the 
distribution  of  degenerated  fibres  in  the  cord  indicates  the  course  of 
the  root  processes.  The  changes  in  the  posterior  column  in  tabes 
are  very  similar  to  those  produced  by  section  of  the  posterior  roots. 
The  ascending  root  fibres  lie  first  in  the  columns  of  Burdach,  pass 
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corpora  (luadrigemina.  The  paralyses  of  the  eye  muscles  as  a  rule 
are  due  to  degeneration  of  the  nerve  nuclei  in  the  vicinity  of  the  third 
ventricle  or  to  degeneration  of  the  nucleus  of  the  abducens.  In  the 
nuclei  the  line  fibres  between  the  cells  have  disappeared,  the  cells 
tliemselves  are  in  part  shrunken  and  pigmented,  in  part  have  also  dis- 
appeared. At  the  same  time  with  the  implication  of  the  nuclei  there 
is  found  degeneration  of  the  root  fibres  and  of  the  peripheral  nerves 
of  the  eye  muscles.  In  a  few  cases  only  the  latter  or  some  branches 
of  the  latter  have  been  found  degenerated,  the  nuclei  not  being  af- 
fected. In  the  trigeminus  the  Gasserian  ganglion  corresponds  to  the 
spinal  ganglion.  From  it  arises  the  ascending  spinal  root  of  the  tri- 
geminus. This  is  found  atrophied,  if  trigeminal  symptoms  have  ex- 
isted during  life,  and  wasting  of  the  Gasserian  ganglion  has  also  been 
demonstrated.  The  other  cerebral  nerves  are  similarly  aflfected,  but 
with  regard  to  them  there  are  but  few  observations  on  record.  In 
tabetic  deafness  the  auditory  ner\'e  has  been  found  atrophied.  In 
paralyses  of  the  larynx  sometiuiew  the  nucleus  of  the  vagus,  some- 
times only  the  perii)heral  nerve  appeai-s  to  be  degenerated.  In  hemi- 
atrophia  linguie  degeneration  of  the  nucleus  of  the  hypoglossus  of  the 
same  side  has  been  found. 

The  lesion  which  is  the  cause  of  reflex  iridoplegia  is  not  yet  known. 
It  has  been  sought  in  the  gray  matter  surrounding  the  third  ventricle, 
and  evidently  it  must  lie  in  the  neighborhood  of  the  iris  nucleus. 
But  as  it  must  be  very  minute  it  is  not  easy  to  find,  and  if  extensive 
degeneration  is  found  in  the  midbrain  one  does  not  know  how  to  dis- 
tinguish this  nucleus. 

Even  when  no  pronounced  general  i)aralysis  has  existed,  not  in- 
frefiuently  slight  changes  of  the  cerebral  cortex  have  been  found 
which  in  ai)pearance  and  locality  corn-espond  to  those  of  this  i)araly- 
sis.  They  are  probably  to  be  so  regarded,  a  slight  mental  imi)air- 
ment  having  existed  without  attracting  attention. 

Changes  in  the  i)eripheral  nerves  appear  to  he  present  pretty  •regu- 
larly. The  nerves  of  the  skin  are  found  to  have  degenerated,  and  in 
more  advanced  cases  a  part  of  those  of  the  muscles  as  well.  In  dis- 
eased bones  the  bone  nerves  have  been  seen  to  be  degenerated,  and  in 
the  vicinity  of  the  perforating  ulcer  of  the  foot  and  of  similar  trophic 
disturbances  the  nerve  fibres  are  generally  completely  destroyed. 
As  a  rtde,  the  number  of  the  degenerated  fibres  diminishes  as  the 
nerve  ascends.  In  the  large  nerves,  only  a  relatively  small  number  of 
d^enerated  fibres  are  usually  to  be  found,  and  notwithstanding  the 
degeneration  of  the  muscle  nerves  the  anterior  roots  are  normal. 

Taking  all  these  fact«  into  consideration  we  must  say  that  there 
exists  in  tabes  a  widespread  degeneration  of  the  nervous  system^  but 
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iliat  the  part^  wLicli  stxtmen^e  sensation  are  most  retgulArly  and  i 
seriouniy  damaged.  The  i-eDtriiJt'tall>  directed  proceos  of  the  spiiit)- 
ganglion  cell  degeneraten  throughout  it8  entire  extent,  the  penipliefttl 
prcMjeHB,  it,^  the  Beosory  nerve,  especially  in  its  most  difllal  porUottB. 
It  is  evident  that  such  a  disease  is  correctly  callml  a  sjaleai  di*-^ 
ease,  for  systems,  i.e.,  nerve  stntctures  which  together  jierfuno  a  dii> 
tinct  office,  are  particularly  attacked  by  it.  Among  othier  ilitii|pt^  tlia 
redox  iridoplegia  is  a  |>roof  iliat  tal>es  is  a  system  diaettie,  loroiiljr 
a  selective  process  could  i^ach  constantly  with  infallible  oettauil^ 
the  minute  spot  in  the  brain  which  controls  iliis  singolar  ttjriD|K 
torn.  It  is  surprising  that  in  opposition  to  these  clearljr  aseeftelBed 
facts  even  motlern  authona  have  hit  upon  the  strange  idea  of  exfihuA- 
ing  talies  !»y  inechanical  comlitiuns,  of  thinking  that  a  meaiii^iai 
could  c**mpnms  the  posterior  roots,  and  4)ther  similar  abaordilkft. 

If  the  question  is  asked,  how  far  the  individual  Bymfitoms  of  tabw 
can  be  referred  to  the  degeneration  of  delmita  nerve  fibrea^  noly  m 
unsatisftu'tory  answer  can  be  given.  The  fihree  of  the  pcNifiurior  ronii 
propagat*^*  stimuli  centripetally.  Disease  of  these  is  tlie  most  impor- 
Umi  element  in  tabes.  To  this  is  due  the  fac*t  that  thi«  mcml  iifirioaa 
disturbanccH  nn*  those  of  sensibility  and  ttf  redex  excitability.  Hit 
|jains,  the  imra^stheHite,  the  aniesthesia,  the  abolition  of  tlie  taodoii 
and  pupil  retlexes,  the  rehixation  of  the  mnseles,  the  ataxia,  thtt  dis- 
turbances of  the  bladder,  of  the  intestiue,  and  of  the  M*xtuil  ong^m 
may  all  \m  referred  without  difficulty  to  diseaae  of  the  ceQtripelid 
fibres.  In  details,  hr.wovrr,  difficulties  arise,  since  oftrn  we  oftmol 
explain  the  disf^.isp  | process  by  tlie  anat^imical  tindings  nor  in  tta  Uft* 
tomical  location  always  evident.  If  we  say  that  the  pains  are  dot 
to  an  irritation  of  the  fibrea  of  the  [XMsterior  r«x)t«,  the  words  do 
not  help  us  to  conceive  how  the  irritation  originates.  Espeeiallj 
is  the  (Kcurrence  of  the  pains  in  paroxysms  difficult  to  uodemlaad. 
Afl  a  matter  of  fact  not  only  the  attacks  of  pain  and  the  cnses  of  taboi 
ill  geaeral  are  incomprehensible,  but  also  e|)ileptic  ron\iiliitotis  and  all 
similar  ^discharges.''  The  use  of  the  word  *" dischargea**  aeemfl  In 
suggest  the  idea  that  an  explosive  material  colIe<*ts  in  the  diii— I'd 
nervous  tissue  w*hich  when  it  is  present  in  sufficient  quantity  egplodM 
on  any  occasion. 

The  partial  ansBsthesia  also  presents  difficulties  to  atir  imdeistiiMl* 
ing.  Relying  tipon  old  experiments  upon  animals,  the  vslaa  of  wkiell 
is  quite  dubious,  and  upon  the  fact  that  in  definite  diseases  of  tbe  gtsj 
matter  of  tlie  spinal  cord  (especially  sy  ringomyelia  and  hwinstcwuye- 
lia)  partial  ameethesiie  occur,  many  are  inclined  to  make  the  Issiaiisof 
the  posterior  cornua  responsible  for  Uie  analgesia.  Oppoead  to  tliis 
is  the  fact  that  the  analgesia  often  appears  early»  while  tbe  i 
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tion  of  the  gray  matter  is  demonstrable  only  rather  late  in  the  disease ; 
also  the  fact  that  analgesia  occasionally  occnrs  in  neuritis  likewise. 
If  there  were  especial  fibres  for  pain— which  I  do  not  believe — the 
analgesia  could  be  easily  explained. 

Why  in  different  cases  the  ansesthesia  presents  itself  quite  differ- 
ently, not  only  in  its  location  and  extent  but  also  in  its  form,  why 
sometimes  retardation  of  sensation,  after-sensations,  etc.,  can  be  de- 
monstrated, sometimes  not,  we  do  not  know.  Nor  do  we  know 
whether  it  makes  any  difference  if  degeneration  is  found  in  the  fibres 
of  the  peripheral  sensory  nerve  or  only  in  the  other  process  of  the 
spinal-ganglion  cell,  the  fibre  of  the  posterior  root,  whether  the  im- 
plication of  the  ganglion  cells  in  the  degeneration  is  of  importance 
clinically,  whether  the  lesion  of  the  sensory  paths  in  the  gray  sub- 
stance has  a  different  effect  from  lesion  of  the  peripheral  nerves,  etc. 

It  is  much  more  easy  to  decide  the  question  as  to  the  height  of  the 
lesion,  when  certain  symptoms  are  present.  The  answer  is  really 
given  by  normal  anatomy,  in  so  far  as  this  can  inform  us  through 
what  roots  the  individual  portions  of  the  body  are  connected  with  the 
central  organ.  Yet  the  knowledge  we  at  present  possess  is  partly 
based  upon  the  teachings  of  pathology.  We  know  that  the  nen^e 
fibres  which  come  from  the  bladder  enter  the  spinal  cord  through 
the  posterior  roots  of  the  sacral  cord,  and  that  the  sensory  fibres  from 
the  legs  belong  partly  to  the  sacral,  partly  to  the  lumbar  cord. 
Thorbum  and  others  have  attempted  to  define  the  regions  of  the  indi- 
vidual roots.  The  fibres  the  injury  of  which  causes  the  disappearance 
of  the  patellar  reflex  enter  the  cord  with  the  third  or  fourth  lumbar 
nerve.  Westphal  has  taken  the  pains  to  ascertain  accurately  the  part 
of  the  spinal  cord  the  degeneration  of  which  causes  the  loss  of  the 
knee  phenomenon.  In  the  trunk  and  arms  our  knowledge  as  to  the 
root  regions  is  more  accurate  than  in  the  legs.  It  is  unnecessary  to 
enter  into  this  subject  in  greater  detail  here.  In  the  older  text-books 
statements  are  found  to  the  effect  that  the  ataxia  is  connected  with 
disease  of  the  funiculus  cuneatus  and  the  vesical  disturbances  with 
disease  of  the  columns  of  Goll.  These  statements  our  present  knowl- 
edge shows  to  be  without  foundation. 

Symptoms. 

However  numerous  the  symptoms  of  tabes  may  be,  and  however 
varying  may  appear  the  picture  of  the  disease,  there  are  yet  a  few  es- 
sential symptoms  which  are  always  present,  upon  which  the  diagnosis 
depends,  and  which  by  themselves  may  constitute  tabes.  These  es- 
sential symptoms  are  also  generally  the  first  to  appear,  and  it  is  they 
which   characterize   tabes  incipiens.     They  are    reflex  iridoplegia. 
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lauciuatiug  pain^,  diimppveivrHtice   of  the  kiiee  pIienomi^tiOQ^  feaicil 
tlistiirbaiices»  aod  certain  diatiirbauees  of  seDHibilitv. 

Rejlej-  Jridapktjia. — This  symptom  M'as  first  poiniinl  out  by  AjRyll 
R<>l>prtsou  and  is  therefore  oft^n  called  by  his  imme.     It  tHttmifttii  i& 
thin,  that  the  jmf>il  iloes  not   oontract  when   light  strikps  the  e¥i% 
although  it  eontraets  mpidly  and  Ktrongly  uixm  convei>^em^.     It  it 
therefore  to  l>e  carefully  distin^mishod  from  [innilysis  of  tht*  iris.     In 
the  former  only  the  n>tlex  contnu^tility  is  abseut,  the  motility  rHxi&itt" 
irig  perftK't;  in  tlie  latter  motility  in  general  is  hist.     To  demaofitnlA 
retlt'X  iridoplei^ia,  theivfnre,  it  is  never  siiilieient  to  prove  thml  ik^ 
reaction  Uy  li^Iii  is  wantiug^ — a  g^xxi  reaction  on  convergence  oiasi  I* 
sliown  t«j  exist.     Parnlysis  of  tlie  sphincter  ]»npilbe  in  oli»en><Hl  ia 
various  diseases,  reflex  iridojilej^ia  is  fonnd  only  in  iniM^  and  gMh 
eral  paralysis,      I  say    **only/'    but   strictly   sf)€^kijj|;   that  tn  Uh 
coirect,  fnr  in  very  rare  cases  of  focal  lesions  of   thcs   tinitu«  «^i^ 
cially  of  the  n*gii)n  of  the  cor|x>ra  quadrigemina^  reflex  iriilojikfn* 
has  l>een  olwerved.     But  these  cases  are  so  rani,  luitl  thert>  in  no  Uttl»* 
reason  to  fear  tliat  they  will  l>e  conffiunded  with  tal»es,  that  in  pm-iaiv 
the  al>ove  stiitement  is  correct.     Some  an  thorn  state  tliat  tlier  Im^ 
h  iiind  reflex  iridoplegia  occasionally-  in  alcoholic  subjects  mill  in  nllKf 
jiatients.     It  is,  however,  obvious  tliat  if  one  zdcoholic  subject  otttti 
one  hundred  has  reflex  iridoi)legia,  this  is  much  more  pmfaably  t 
sympt^Jiu  of  taVn^s  than  of  alcoholism.     For  we  know  that  rofle^x  iriiW 
ph>gia  may  precede  the  otht>r  signs  by  years^  and  with  the  pmvAkiMV 
of  talies  it  is  tt>  l>e  su[>posed  that  among  one  hundred  dnmkAnli  ^|^fl 
or  more  will  lie  fouml  with  incipient  talies.     Binee  reflex  iriilDpli^^H 
is  found  in  tal^es  oidy,  sin4'e  in  the  mfijority  of  cji^es  it  is  tho  fii«itip 
of  tal>t»s,  and  since  it  is  objective  and  easily  demonstratedt  it  is  Ifc 
most  important  symptom  of  talies. 

Keflex  iridoplegia  is  foitud  in  three- fourths  of  the  ciiaaa  of  IdMi 
In  1881*  Erb  examined  H4  talnitic  patients.  Of  these  5*J  had  reflex  iri» 
doplegia»  12  very  sbiggish,  weak,  ntid  im|»erfect  reuction  to  ligbt,itfl 
only  13  had  a  normal  light  reaction.  Himilar  figurea  har€k  baeil  ol^ 
tained  in  sul^sequeut  investigations.  In  some  ciiaes  of  tubiss iviid  OK 
doplegia  is  al)seut  although  the  disease  may  have  a  dumtioti  of  y<«ii* 
If  it  ai>pears  at  all,  it  is  generally  present  from  the  fir«t.  Afl  liiiil* 
ready  l)een  said,  it  may  exist  for  years  as  the  only  symjiloiii*  H  i 
tUnne  is  found,  the  diagnosis  of  talies  (or  of  genend  paralysis)  miy 
in  my  opinion  l>e  made;  l»ut  it  should  lie  mhled  tliat  Uie  tiin*  •• 
which  other  symptoms  iire  to  be  expected  cannot  Ije  foretold.  Tlwi* 
aret  however,  exce]>tioual  cases.  As  a  rule,  the  patient  cain^A  to  titf 
physician  complaining  of  some  of  the  symptoms  of  tallies,  Thi*  fiw* 
thing  that  the  latt45r  should  do  is  to  examine  the  pupik*     If  he  ftub 
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reflex  iridoplegia  the  diagnosis  is  made;  if  be  does  not  find  it,  further 
investigation  is  necessary. 

The  best  way  of  testing  for  reflex  iridoplegia  is  to  place  the  pa- 
tient near  a  window  so  that  he  can  look  out  of  doors.  The  physician, 
standing  before  him,  covers  the  patient's  eyes  (which  remain  open) 
with  his  hands,  waits  ten,  twenty,  thirty  seconds  and  taking  away  his 
hands  observes  one  of  the  patient's  eyes.  Care  must  be  taken  lest  the 
light  reflected  from  the  cornea  interfere  with  the  view  of  the  eye. 
The  examination  is  easier  when  the  iris  is  light-colored  and  the  pupil 
is  wide.  If  positive  results  are  not  obtained  by  tliis  method  the  ex- 
amination may  be  repeated  in  a  dark  room,  and  the  light  of  a  lamp  or 
light  from  a  chink  in  the  shutters  may  be  allowed  to  fall  obliquely 
ui>on  the  eye.  If  necessary  a  lens  may  be  used.  Of  course  in  every 
method  of  examination  care  must  be  taken  that  the  patient  looks  into 
the  distance  and  does  not  alter  his  accommodation.  If  the  pupil  re- 
mains immovable  under  illumination,  i.e.,  if  it  is  paralyzed  for  light, 
the  test  for  contraction  on  convergence  should  follow.  The  most 
simple  way  of  doing  this  is  to  have  the  patient  look  at  his  own  nose. 
Or  he  can  be  requested  to  look  first  out  of  the  window  and  then  into 
the  face  of  the  examiner  or  at  his  finger.  If  the  patient  cannot  con- 
verge his  eyes  (in  paralysis  of  the  ocular  muscles)  the  convergence 
reaction  is  apparently  absent.  If  the  latter  is  absent  in  spite  of  con- 
vergence the  iris  is  quite  paralyzed  and  then  in  the  majority  of  cases 
Rome  form  of  ophthalmoplegia  will  be  found  to  be  present.  In  the 
later  stages  of  tabes  entirely  paralyzed  pupils  may  also  be  found  with- 
out ophthalmoplegia,  but  not  very  often.  In  any  case  the  complete 
immovability  of  the  pupil  is  a  less  characteristic  sign  of  tabes  than 
reflex  iridoplegia. 

Keflex  iridoplegia  is  generally  bilateral,  in  rare  cases  unilateral. 
In  the  letter,  the  light  reaction  is  wanting  not  only  under  direct  illu- 
mination but  also  under  illumination  of  the  other  eye ;  while  the  pupil 
of  the  other  eye  reacts  both  under  direct  illumination  and  under  illu- 
mination of  the  eye  with  paralyzed  iris,  i.e.,  the  latter  has  lost  not 
only  the  direct  but  also  the  "  consensual"  reaction.  The  "  paradoxi- 
cal" pupillary  reaction — that  is,  the  apparent  dilatation  of  the  pupil 
when  light  falls  upon  it — has  been  described  as  an  especial  form. 
The  condition  in  these  extremely  rare  cases  is  really  reflex  irido- 
plegia. When  the  covering  hand  is  removed  the  pupil  at  first  is 
unchanged,  but  after  a  few  seconds  it  dilates  somewhat.  The  ex- 
planation of  this  is  that  the  patient  exerted  his  accommodation 
while  his  eyes  were  covered;  when  the  accommodation  relaxes 
again,  the  pupil  dilates.  As  has  been  said,  the  paradoxical  reaction 
ia  very  rare. 
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Blow  and  impErfeei  light  reacticm  is  to  be  diaiiBgtiiahed 
flex  iridoploj^na.  Careful  observation  in  necemary  hart,  for  oal  Wfwry 
we/ik  reaction  is  aboornmL  To  couHtitute  abnormality  tbam  iBMlbi 
a  distinct  difference  between  the  Ht;ht  reaction  and  the  otm^mtgmm 
reaction.  The  case  in  clear  when  the  aliigKi^h  reaetion  ifi  anilatetiL 
To  properly  discriminate  the  HhiMla«*  of  difference  in  the  impiQl^ 
reaction  |)rat!tice  is  necessary, 

Aasoi'iated  with  reflex  iridt»plej^a  is  generally  a  lo^  of  popiUaijr 
dilatation  after  palnftd  stimulation.  When  the  skin  is  pinched  ori 
sndden  iioiHe  is  heanl  the  pupils  of  the  healthy  subject  dUiUa, 
of  the  talietic  remain  unchanged.  Even  during  the  violent,  li 
paiuH  of  tHl>eH  the  jiupils  K*^nerally  remain  contracted.  Not  only  tin 
retlex  contraction  but  also  the  reflex  dilatation  is  conseqoeQlljr 
in  tid)es.  We  may  say  tliat  the  pupillary  reflexes  am 
However,  the  examination  for  reflex  dilatation  has  hardly  any 
tical  value.  It  is  alstj  hardly  evt^r  necessary  to  test  the  [inpils  of  tlii 
tal)etie  by  means  of  drugs.  Atropine  dilatea  Ihe  pu[iilit  in  tabitf^ 
but  mure  slowly  ajid  feebly  than  in  health. 

Very  often,  Iji^Hides  defective  rejvction,  there  is  also  prunenlanal^ 
normality  in  the  size  of  the  pupils.  Mt»st  frec^uently  them  tt  mm- 
trm^ticm  of  the  pupils  in  tidies— mynsis*  whirh,  asasyiuptotniif  tibiti 
has  also  l>een  called  spinal  myosis.  Of  forty -seven  tabes  palwiliof 
Erb's  with  reflex  iridoplegia  thirty^seveu  hml  prononnoed  ajcfliiw 
But  reflex  irid<jplegia  and  myosis  are  two  iudejiendeut  syni] 
they  may  occur  together  or  sejwirately.  The  mle  is  that  in  tinia 
sis  is  8upertwlde<l  to  the  reflex  iridoplegia.  Myosin  withcMit 
iridoplegia  is  alsi)  met  with  in  taWs,  but  not  often.  The 
the  myosis  varies  of  course.  Tbe  pupils  are  i>fteu  v^ry  tauch 
tracted,  bo  much  so  that  their  ap(^>eanince  attracts  attention  al  tlie 
first  glance  at  the  patient.  Much  more  rare  is  mydriasis^  tml  ti  lUiM 
occur,  especially  at  the  l>eginuing  of  the  disease.  It  may  be  tidiUIB'' 
ral  or  bilateral  and  oc<?ur  with  or  without  reflex  iridoplegia* 

In  modenit4'  degrees  of  unilateral  myosis  or  uiydriasia  one  umfl 
in  doubt  whether  the  dilated  or  the  conti^acte^l  pupil  is  tba 
one,  and  sometimes  this  cnuuot  lie  determined^  but  it  ia  nol  a  mai* 
tar  of  importance.  Difterenee  in  size  of  tlie  ]iupils  formarly  pla^yad 
a  more  important  fiart  tlian  at  present  in  the  diagnoais*  Yet  avah 
diflference  is  of  great  value  as  a  danger  signal,  so  to  apoak^  wluck 
immediately  attracts  attention  and  demands  farther  invi 
Bmall  diff*erenoes  are  of  im}Hirtance  only  if  tbey  ariae  dtirinit 
examination;  larger  differences  always  constitute  an  imixirtant  siipw 
but  the  reaction  is  here  still  decisive. 

Occasiomdly  the  tabetic  pu[>il  is  nut  circular  bul  **^Urrtfnil  or  if^ 
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regular  in  shape.     This  deforinity  is,  of  course,  to  be  diBtiDguished 
from  thai  due  to  synechia. 

The  Lancinal'iHg  Fains.— ^nh^n  almoBt  alwajB  first  makes  itself 
kuowD  to  the  patient  by  pains.  These  are  sometimes  slight,  some- 
times severe,  sometimes  frequent  and  sometimes  infrequent,  but  are 
probably  never  entirely  absent.  They  are  deseriljod  by  most  ])atientfl 
as  resembling  the  pain  caused  by  a  stab  or  an  electrical  sliock ;  they 
tegin  suddenly  and  last  a  short  time,  but  return  after  an  interval, 
A«  iti  trigeminal  neuralgia,  the  attacks  of  pain  are  composed  of 
groups  of  single  pains  aud  ia^it  a  dav,  a  night,  or  some  days  and 
nights.  Between  the  groups  there  may  be  minutes  or  hours  of  free- 
dom from  pain.  In  an  attack  the  location  of  the  pain  either  remains 
the  same  or  the  pain  aijjieai-a  in  different  places.  The  former  seems 
to  me  to  Ije  the  more  fre(iuent.  The  pain  rarely  corresponds  to  the 
course  of  a  nerve ;  it  is  generally  descril)ed  as  being  in  tlie  flesh,  or  in 
a  part  of  the  foot,  as  in  the  little  toe,  sometimes  it  is  assigne^l  to  a 
joint  or  to  the  skin.  With  deep  as  with  sui>erlicially  situated  pains 
the  skin  over  the  painful  spot  may  l>e  hypersensitive  so  that  the  pa- 
tients avoid  toucLiug  it.  This  sensitiveness  often  lasts  some  time 
longer  than  the  attack  of  i>aiu.  Many  patients  also  state  that  the 
pain  bores  through  their  limbs  longitudinally.  If  the  pain  ai>pears 
in  the  trunk  it  generally  iiresents  itself  as  imi lateral,  more  rarely 
bilateral  girdle  pain;  occasitmally  only  certain  points  in  the  back  or 
in  the  chest  are  painful.  lu  the  head  the  iiain  may  be  very  similar 
to  the  common  trigeminal  neuralgia.  Besides  this  most  freciuent 
form,  in  describing  which  the  expression  "lancinating**  or  "fulgurat- 
ing" is  in  place,  other  kinds  of  jmins  are  more  rarely  observed,  which 
are  described  as  constricting,  boring,  or  burning,  as  if  the  foot  hiy  in 
an  iron  vise  or  as  if  a  sliarp  iron  or  a  glowing  ct>al  were  thrust  into 
the  flesh  or  into  the  bon*^»s. 

As  has  been  remarked,  tlie  severity  f*f  the  iiains  varies  greatly. 
Some  patients  stiite  that  they  have  had  nti  (jain,  ami  cuily  when  closely 
questioned  do  they  admit  having  had  slight  pains.  The  majority 
have  an  attack  of  pain  every  few  weeks  or  months.  I'ufortnnately 
there  are  not  a  few  who  are  tortured  ahuost  incessantly  with  pains,  or 
at  all  events  have  more  days  with  than  without  pain,  so  that  the 
designation  "  t^bes  dolorosa**  may  be  used.     The  pains  may  l>e  so 

ivere  that  even  strong  men  writhe  and  cry  out  under  them. 
Exposure  to  eold  and  "  changes  in  the  weatlier"  are  often  regardeil 
exciting  causes.     Sometimes  tligestive  disturbanceB  seem  to  play  a 

irt  in  the  causation.     In  rare  cases  'eh  run  the 

>urse  of  an  ordinary  bruise,  or  groi  'i[:)ear  at 

te  location  of  the  pains. 
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Tha  Absence  of  the  Knee  Phenorfttuon, — This  sign  haa  Uiin  iti  < 
luoM  with  reflex  inilople(.^ia,  that  it  in  an  easily  demonMtrable  obj* 
Bympti3iii,  belt  it  is  by  far  not  so  cliaracteristic,  since  any  neuritift  may 
cause  the  diaapj>earauce  of  the  patellar  reflex.  It  disappean  in 
the  great  majority  of  cases  of  tabe^  and  at  a  very  early  i»eriod,  fafot  ihi 
absence  must  not  be  regarded  as  essential  for  the  diagnoiiia,  i 
cases  of  tabes  witli  prenenation  of  the  knee-jerk  are  not  sa 
rare,  or  at  all  events  characteristic  symptoms  may  be  pre«eol  he- 
fore  the  patellar  retlex  disappears.  It  is  t)est  Uy  teet  for  the  kom 
phenomenon  by  having  tlie  patient  seated  with  the  foot  rocititig  by 
the  entire  solen[H)n  the  floor,  in  such  a  posititm  that  the  Ir^  for 
an  angle  of  al>out  <jO'  with  the  thigh.  The  examiner  plac««  hk  1 
hand  upon  the  patient's  quadriceps  and  with  the  pon^iission  luuac 
heUl  in  his  right  hand  strikes  a  quick  hard  blow  uiM>n  the  middle  nf 
the  ligamentum  patelhe.  One  leg  may  also  be  crossed  over  the  mh^, 
or  the  jjatieut  may  sit  upon  a  table  ami  lot  his  legs  bang  free.  If  Ifo 
patient  is  in  l>ed  the  examiuer*s  left  hand  may  be  plat^tl  itodiir  the 
knee,  raising  it  until  the  leg  and  thigh  form  an  angle  of  60"*  to  70**,  If 
the  contraction  of  the  rpiadric<q)s  is  diHtinct,  we  may  conteot  our- 
selves with  the  examination  n(  the  limb  tli rough  the  clothtng*  U» 
however,  the  knee  pheuoinouou  apjwars  to  lie  al)sent^  it  in  WfJI  fc> 
make  certain  of  the  fm-t  by  rei)eating  the  examination  with  ihd  lijili 
unclothed.  It  is  always  necessary  for  the  p*itient  to  r«dn3t  hii  h$ 
muscles.  This  is  facilitated  by  tJie  so-called  Jendrassik's  method, 
which  consists  in  the  patient's  interlocking  the  finger  of  his  himib 
and  then  pulling  strongly  as  if  he  would  tear  his  hands  afjari,  Thi 
fists  may  also  Im  clent'hetl  or  the  prdms  of  the  hamis  pn'«>kMl 
each  other,  etc.  With  pnictice  it  is  easy  to  tell  if  the  IcBdd  j 
mm  is  absent  in  ta)>etic  patients  j  the  percussion  of  tluki 
patellas  prmluces  a  peculiar  *'deiur'  seusation^  for  th©  elafliioify  ali 
ligament  has  disappeared. 

The  i>atellar  reflex  does  not  nsuidly  disappear  soddeiily  in  faihf 
it  first  becomes  weak*  If  an  examination  is  made  at  thai  ti] 
a  barely  perceptible  contrat^tion  of  the  qumlriceps  is  detected,  or  j 
repeated  examinations  the  knee  phenomenon  is  demonatrdble  at  I 
time  but  not  at  another.  It  also  occasionally  first  disappear  orb^ 
comes  weak  in  one  leg  only.  Such  diffei-ences  are  always  anspidoai 
and  demand  further  investigation.  Transitory  incTBaae  of  thi»  kute^ 
jerk  may  occur  at  the  beginning  of  tabes,  but  this  is  raieu  If  Ihol 
don  reflexes  are  increased*  the  question  always  arises  whether 
case  is  not  one  of  general  ]mralysis  with  tjibetic  symptoms. 

If  the  knee  phenomenon  is  al>sent  in  tal)es  the  other  teodnii  i 
of  the  legs  are  also  abolished.     The  tendon  reflexes  of  the  an 
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also  be  absent  at  an  early,  but  more  frequently  at  a  late  stage  of  the 
disease.  Occasionally  in  the  so-called  tabes  descendens  the  disap- 
pearance of  the  knee  phenomenon  may  follow  that  of  the  triceps  reflex. 

Vesical  Disturbances. — These  are  very  important  diagnostically, 
since  in  tabes  they  are  the  rule,  in  neuritis  the  rare  exception.  But 
they  must  be  inquired  for,  since  they  are  often  slight,  in  which  case 
the  patients  are  not  apt  to  mention  them.  Sometimes  the  patient  is 
obliged  to  wait  longer  than  formerly  before  the  urination  commences, 
the  stream  becomes  feeble  and  straining  is  necessary  to  evacuate  the 
bladder;  sometimes,  on  the  other  hand,  the  evacuation  takes  place  too 
easily,  so  that  the  patient  is  obliged  to  hurry  when  the  call  to  urinate 
occurs,  and  occasionally  a  little  urine  flows  away  during  coughing, 
laughing,  on  sudden  changes  of  position,  and  in  sleep.  More  serious 
disturbances  in  the  first  stages  of  tabes  are  rare.  Betention  and  true 
incontinence  of  urine  occur  only  exceptionally;  in  the  later  stages 
they  are  frecjuent.  Sometimes  the  patients  regard  the  bladder  trouble 
as  the  chief  disease  and  on  that  account  go  to  a  surgeon,  who  if  he 
recognizes  their  time  nature  sends  the  patients  to  the  neurologist. 

Leimbach  has  recently  published  interesting  statistics  as  to  the 
frequency  of  the  signs  of  tabes  discussed  above.  They  are  derived 
from  Erb's  material.  Of  400  tabes  patients,  in  92  per  cent,  the  knee 
phenomenon  was  absent;  in  4.25  per  cent,  it  was  present,  but  abnor- 
nwd  (together,  96.25  per  cent.) ;  88.25  per  cent,  had  lancinating  pains; 
80.50  per  cent,  had  vesical  disturbances;  70.25  per  cent,  had  changes 
in  the  pupillary  reaction,  and  48.25  per  cent,  had  changes  in  the  size 
of  the  pupils.  The  tabes  had  begun  with  lancinating  pains  in  67  per 
cent,  and  with  vesical  disturbances  in  22.5  per  cent.  Of  100  tabes 
patients  whose  disease  had  had  a  duration  of  from  one  to  two  years 
there  were  changes  in  the  tendon  reflexes  of  the  legs  in  100  per  cent., 
and  in  the  pupillary  reaction  in  63  per  cent. 

Disturbances  of  Sensibility. — Under  this  head  I  include  parjesthesiro 
and  anesthesia,  as  well  as  the  disturbances  of  motility  dependent 
ui)on  them. 

Paro'sthesice  are  often  among  the  earliest  signs.  The  patients  com- 
plain especially  of  parsesthesise  in  the  legs  and  in  the  region  sup- 
plied by  the  ulnar  nerve,  and  of  the  so-called  "girdle  feeling."  They 
say  that  they  have  the  sensation  as  if  the  soles  of  their  feet  were 
"asleep,"  or  as  if  they  walked  upon  cotton  or  fine  sand.  Ants  ap- 
pear to  run  over  the  skin  of  the  legs  (formication) ;  there  is  a  pecu- 
liar sensation  of  numbness.  A  burning  sensation  is  rare.  Very  often 
it  is  said  that  the  feet  or  the  feet  and  legs  are  unendurably  cold. 
Sometimes  the  parsesthesife  first  manifest  themselves  in  the  region  of 
the  buttocks  or  in  the  sexual  organs. 
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The  girdle  feeling  is  generally  first  felt  below  the  navel.  In  \ 
course  of  the  disease  it  may  adv^anee  upwards,  or  it  may  from  ti» 
first  feel  like  a  band  alxiiit  the  chest*  It  does  not  always  complNilf 
encircle  the  trunk;  it  may  be  uiiilateral,  or  the  patients  may  dembe 
the  fiensation  as  the  pressure  of  a  flat  surface  uj)on  the  cheit  or  ii 
the  pit  of  the  stomach;  sometimes  it  appears  to  them  as  if  a constiicl* 
ing  girdle  were  really  placed  about  them,  sometimes  there  are  tin|ly 
undefined  painful  sens^ations. 

The  ulnar  pariesthesiffi  manifefit  themselves  mostly  as  formicitiM 
or  numbness  of  the  foui-th  and  fifth  fingerH.  Many  patients  haresach 
sen^atioDS  on  tht*  ulnar  surf  ace  of  the  frirearm  as  far  as  to  the  elUw. 

Much  rarer  than  the  forma  already  dencrilied  are  parsBSthesi*  rf 
the  face.  The  feeling  may  be  as  if  the  face  were  covered  with  cc^ 
webs  or  as  if  a  mask  were  stretching  and  compressing  the  skinrfl 
face.  Charcot  has  called  this  singular  Bymptoni  ^Hutchiiml 
mask/*  I  have  seen  it  once  as  the  first  symptom  of  tabes. 
trigeminal  symptoms  are  often  present  with  it. 

In  testing  the  sensibility,  in  spite  of  the  f varies thesia?,  no  f 
objective  disturbances  of  the  sensibility  may  be  detected.    Asai 
however,  they  are  to  be  found.     For  a  cUnieal  examination  of  th«f 
it  is  amply  sufficient  to  test  the  sense  of  touch  by  light  contuci  ^ 
the  finger  or  a  small  bnish,  to  test  the  sense  of  pain  with  a  needkiiBl 
tlie  temj^erature  sense  by  means  of  cold  and  warm  objects. 

In  the  legs  of  the  tabetic  there  are  generally  foond  at  the  ootolJ 
lessened  sensitiveness  to  x>ain  and  either  slight  or  no  dinuoatiooi 
the  sense  of  totich.     The  latter  is  first  found  diminished  on  the  I 
of  the  feet.     Elsewhere  hypalgesia  decidedly   predominates. 
moderately  severe  pricks  with  a  needle  are  felt  to  lie  ]>ainful;  alii 
period  i>ricking  in  not  felt  as  pain  at  all,  only  as  a  sensation  of  ] 
sure;  a  fold  of  the  ,skiu  can  lie  pierced  without  the  knowledge  of  i 
])atient.     As  amle,  as  time  goes  on  the  disease  processes,  thei 
of  hypalgesia  advances  uj. wards  from  the  feet,  but  a  certain  degnil 
ansestliosia  is  often  found  at  an  early  jjeriod  in  the  Inittncksandt 
vicinity.     Boinetimes  the  hypalgesia  appears  in  ii*regularlv 
and  invKuhirly  distributed  patches.     On  the  borders  of  the  hrp 
aia  or  between  the  hypalgic  zones,  it  is  said  that  hyperalg««iai0() 
found.     Sooner  or  later,  in  addition  to  the  hy^palKB* 
(if  tJie  sense  of  touch  is  also  manifested.     The  tamperjj 
be  uj>i>areutly  normal  for  a  long  time,  but  supersensi 
is  cfunmon.     In  cases  of  long  standing  there  may 
jcstljcHia  of  the  leg?^,  or  even  of  the  greater  part  of 
very  many  cases  the  anaesthesia  remains  incomple 
Liihr  has  demonstrated  a  diminution  of  sensibility 
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in  the  trunk  of  tabes  patients  at  an  early  stage  of  the  disease.  It 
generally  first  shows  itself  beneath  the  breast,  then  near  the  soapula, 
and  finally  it  forms  a  zone  which  completely  surrounds  the  body,  and 
the  symmetry  of  which  is  more  pronounced  aloDg  its  upper  than 
along  its  lower  border.  Sensibility  for  pain  appears  at  first  not  to  be 
affected;  at  a  later  time  it  diminishes.  The  temperature  sense  is  also 
long  preserved.  If  the  anaesthesia  iDvolves  the  arm,  it  first  shows 
itself  in  the  axilla,  then  appears  on  the  ulnar  side  of  the  arm,  and 
finally  on  the  radial  side.  The  anaesthesia  appears  in  the  fingers  with 
a  certain  independence.  It  sometimes  involves  all  the  fingers,  some- 
times only  the  ulnar,  sometimes  the  median,  or  with  apparent  capri- 
ciousness  it  may  attack  only  a  certain  number  of  fingers.  Generally 
there  is  diminution  of  the  sense  of  touch  with  hypalgesia.  On  the 
head,  parts  or  the  whole  of  the  region  of  the  trigeminus,  including  the 
mucous  membranes,  may  be  hypalgic,  hypersesthetic,  or  rarely  quite 
insensitive.  Marked  hyperaesthesia  is  everywhere  rare,  aside  from 
that  which  accompanies  the  lancinating  pains,  but  slight  hyperses- 
thesia  or  hyperalgesia  may  occur  in  limited  areas. 

The  so-called  retardation  of  the  conduction  of  pain  is  very  fre- 
quently combined  with  the  analgesia.  The  patient  does  not  feel  the 
prick  at  once  but  only  after  one-half,  one,  two,  or  more  seconds. 
Leimbach  found  this  retardation  of  the  sense  of  pain  in  36.5  per  cent, 
of  tabes  patients.  Sometimes  there  is  a  so-called  double  sensation, 
t.c,  the  patient  feels  the  prick  as  a  touch  and  only  afterwards  as  pain. 
Occasionally  a  retardation  of  the  sense  of  touch  also  is  found,  contact 
being  at  first  not  at  all  perceived,  but  subsequently  correctly  located. 
A  painful  af tor-sensation  also  occurs,  i.e.,  the  pain  of  the  prick  lasts 
much  longer  than  would  be  expected,  or  the  prick  may  not  be  felt  at 
all  at  first,  but  after  a  time  the  patients  complain  of  a  violent  and 
continued  pain.  Polysesthesia  and  allocheiria  are  rare  phenomena 
which  have  been  described.  In  the  former  instead  of  one  touch  two 
or  three  are  felt;  in  the  latter  a  touch  upon  the  left  limb  is  felt  upon 
the  right,  or  vice  versa.  In  case  of  both  of  these  symptoms  there  is 
probably  a  psychical  perturbation — incorrect  appreciation  of  indis- 
tinct perceptions. 

Insensitiveness  of  the  deeper  parts  appears  to  be  both  earlier  and 
more  frequent  than  that  of  the  skin,  but  is  more  difficult  to  demon- 
strate. Diminution  of  the  muscular  sense  is  often  spoken  of,  but  in 
reality  the  condition  appears  to  be  a  diminution,  in  the  first  place,  of 
the  joint  sensations  and  then  diminution  not  only  of  those  of  the 
muscles  but  also  of  those  of  the  tendons.  In  testing  for  these  we  see 
if  the  slightest  movements  of  the  joint,  which  the  healthy  subject  per- 
ceives, are  still  felt.     While  the  patient's  ey.es  are  closed,  we  place 
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heel  of  the  other  foot,  both  heels  being  employed  in  this  way  succes- 
sively. The  ataxic  does  not  succeed  in  touching  his  knee  in  this  man- 
ner, or  only  does  so  after  several  unsuccessful  attempts.  It  is  also 
customary  to  direct  the  patient  to  describe  a  circle  with  his  foot. 
Sometimes  slight  ataxia  is  more  readily  detected  by  the  last-named 
series  of  exercises,  sometimes  by  those  performed  during  standing  or 
walking.  If  the  ataxia  is  pronounced,  the  familiar  ataxic  gait  is  pro- 
duced. The  patient  walks  with  his  body  bent  forward,  in  order  to 
keep  his  eyes  directed  upon  his  feet.  He  flings  forward  his  foot  and 
lets  it  fall  heavily  upon  the  ground,  striking  first  by  the  heel,  and  over- 
extends  his  knees.  If  the  ataxia  increase,  the  flinging  and  stamping 
gait  is  disturbed  by  lateral  movements,  the  steps  become  uneciual,  and 
finally  the  patient  can  no  longer  walk  at  all,  because  his  legs  fly  about 
in  the  air  and  the  unpurposed  movements  are  in  preponderancy.  In 
this  severe  form  of  ataxia  a  marked  anaesthesia  is  generally  also  pres- 
ent. The  i)atieut  has  no  idea  as  to  the  position  of  his  legs,  if  he  can- 
not see  them;  he  "loses  them  in  bed."  The  fact  is  well  known,  that 
in  baths  which  are  much  frequented  by  the  tabetic,  if  several  patients 
are  bathing  in  the  same  tank,  occasionally  a  leg  is  protruded  from 
the  water  and  no  one  knows  whether  it  belongs  to  him  or  to  his 
neighbor.  No  fixed  relation,  however,  between  the  ataxia  and  the 
anaesthesia  (^an  be  demonstrated,  because  the  former  is  the  individual 
reaction  of  the  latter.  The  ataxia  presents  itself  in  forms  varying 
with  the  idiosyncrasy  of  the  patient.  In  women,  for  example,  the 
stiflf,  flinging  movements  are  almost  never  seen.  Their  movements 
are  rather  uncertain  and  awkward.  The  ataxia  appears,  as  a  rule, 
at  a  late  stage  in  the  arms,  but  in  some  cases  the  arms  become  ataxic 
before  the  legs.  At  first  the  more  delicate  movements  become  difficult 
— writing,  sewing,  etc.  The  patients  feel  themselves  impeded  in 
dressing  especially,  because  their  hands  are  incapable  of  performing 
the  movements  of  buttoning  and  tying,  if  the  eyes  cannot  follow  them. 
Violent  movements  may  also  intrude  themselves  here,  which  interfere 
with  the  performance  of  every  act.  Ataxic  movements  of  the  muscles 
of  the  face,  jaw,  and  tongue  are  very  rare.  In  contrast  with  the  ataxia 
on  motion,  the  locomotor  ataxia,  a  static  ataxia  has  also  been  de- 
scribed. By  this  is  meant  that  movements  occur  even  when  the  pa- 
tient desires  to  keep  quiet,  that  when  he  sits  the  trunk  sways,  the  ex- 
tended foot  or  hand  moves  here  and  there.  These  movements  pass 
into  the  spontaneous  movements  to  be  described  further  on,  the  athe- 
tosis of  the  anaesthetic  subject.  Static  ataxia  is  not  an  independent 
symptom  but  merely  the  expression  of  a  high  degree  of  ataxia. 

Just  when  ataxia  will  make  its  a])pearance  in  tabes  cannot  be  pre- 
dicted ;  as  a  rule  years  pass ;  in  some  cases  it  develops  in  the  first 
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sibility.  If  a  healthy  man  lies  upon  his  back,  his  knee  being  ex- 
tended, flexion  of  the  thigh  cannot  be  carried  far,  for  the  subject  soon 
feels  pain  and  the  flexors  of  the  leg  become  tensely  contracted;  but  in 
some  tabes  x)atients  the  leg  can  not  only  be  brought  to  the  vertical 
but  oan  even  be  approximated  to  the  trunk  without  material  resist- 
ance and  without  causing  pain. 

Sometimes  involuntary  movements  of  the  insensitive  limbs  occur, 
which  must  be  distinguished  from  ataxia.  Occasionally,  for  example, 
the  toes  of  the  recumbent  patient  are  seen  to  execute  slow  movements 
of  flexion  and  extension,  which  the  patient  cannot  control  or  of  which 
he  is  unconscious;  or  some  fingers  of  the  outstretched  hand  are 
flexed  and  extended  or  abducted  and  adducted,  or  the  whole  hand  is 
raised  and  lowered.  These  and  other  similar  involuntary  movements 
are  called  spontaneous  movements  or,  according  to  their  character, 
athetosis  or  choreic  movements. 

Biemacki  has  seen  many  tabes  patients  in  whom  strong  x)ressure 
upon  the  ulnar  nerve  at  the  elbow  caused  no  pain,  although  healthy 
persons  always  feel  pain  from  it.  This  observation  has  been  con- 
firmed several  times.  In  France  attention  has  been  called  to  the  in- 
sensitiveness  of  the  testicle  to  pressure.  The  severe  pain  always 
caused  in  the  healthy  man  by  this  procedure  is  often  entirely  absent 
in  tabes  patients,  even  strong  pressure  producing  no  painful  sensa- 
tion. 

It  is  difficult  to  say  how  far  the  weakness  of  the  legs  of  which  the 
tabetic  often  complains  depends  upon  the  loss  of  sensibility.  Certainly 
the  legs,  the  muscles  of  which  are  relaxed  and  the  movements  of 
which  are  no  longer  regulated  by  normal  sensibility,  become  quickly 
weary,  and  there  is  no  doubt  that  a  great  part  of  the  muscular  weak- 
ness, which  can  frequently  be  objectively  demonstrated,  is  thus  to  be 
e::plained.  It  is  generally  stated  in  the  text-books  that  the  strength 
of  the  patient  is  unimpaired,  the  incoordination  only  simulating 
muscular  weakness.  This  is  certainly  not  always  true.  In  very  many 
tabetic  patients  the  movements  are  remarkably  feeble.  The  fact  ex- 
ists, however  it  may  be  explained.  After  a  time  a  certain  degree  of 
diffuse  muscular  atrophy  is  usually  developed.  Leimbach  found  that 
there  was  a  feeling  of  weakness  and  that  the  legs  easily  became  tired 
in  62.25  per  cent,  of  tabes  patients.  In  19.5  per  cent,  weakness  of 
{he  legs  was  the  first  sign  of  the  disease. — 

The  Oranial  Nerves. — The  numerous  other  symptoms  of  tabes  are 
difficult  to  classify.  For  the  sake  of  simplicity  we  will  begin  with 
the  affections  of  the  cerebral  nerves. 

Symptoms  on  the  part  of  the  olfactory  nerve  are  very  rare.  Oc- 
casionally disturbances  of  the  sense  of  smell,  such  as  loss  or  illusions 
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of  it,  liav©  been  deseril^ed,  Imt  m  yet  it  is  not  jiossiWe  in  naJkiBm  ^ 
timstwtjrthy  statements  with  regard  to  it 

Ou  the  other  hand,  one  of  the  mo8t  importact  BymiitoDM  «(  Ulu^ 
not  on  HiTOunt  of  its  frequency  but  becamieof  its  sigmficanoe  for  llie 
patient,  is  airoi>by  of  the  optic  nene,  StatementB  differ  an  to  Ibi 
fi-eqiiency  of  it**  oeeniTence.  Leinibac^h  found  it  in  only  6*75  pm 
cent,  of  the  patientH*  Gowers,  on  the  other  hand,  met  with  il  in  if- 
teen  per  cent.,  while  other  Htatisties  give  ab*int  ten  jjer  cent  All  «« 
^igreed  that  it  deveIo]»H  almost  alwavB  in  the  fimt  stage  of  UiediteiMi 
although  exceptiouft  of  euurHe  cKvur.  It  seems  that  it  may  ereo  h 
the  fii-st  sign.  In  one  case  I  saw  it  present  wlien  the  fmtitUary  raa* 
tion  and  tlie  knee  phenomenon  were  normal »  disturbancfA  iil  meui- 
bility  only  developing  a  year  later. 

According  to  Lt^imbach  it  id  the  fimt  sign  in  L5  per  oeal^  of  fti 
cases.  By  the  oi)hthalinci8ecipe  at  firwt  a  paleness  of  tli©  jmpilb^tf' 
]iecially  on  the  temporal  side,  is  recognized,  but  Uie  bordem  ol  At 
l>a]iill}e  are  sharidy  defined  and  the  bk~>od-ye88ek  are  Tmeluaged*  Al 
a  hiter  peritHl  the  papilla  h^is  a  white  color  which  may  haTeagmjiik 
bluish,  or  gieenisli  tinge.  The  veins  then  appear  dilated ;  th<%  arleM 
are,  if  anything,  contr^wted.  Notwithstanding  the  cliniiml  differaoM 
the  ophthalmoscopic  changes  api>ear  to  lie  alxiut  wjually  dilfoiML 
The  picture  in  often  nearly  the  same  in  both  eyea^  althoogli  Iklff 
vision  may  be  quite  different.  In  rare  caaeg  in  spite  of  tba  iimUf* 
ojiia  there  is  nothing  abnormal  to  be  seen  in  the  fandna  al  fllA 
visiljle  changes  in  it  only  developing  aub»e<pientJy.  MoreoAoii  ik 
fxndtst  finds  the  latter  alre^uly  present,  before  the  patient  hai  noHfil 
a  iliminution  in  his  power  of  sight. 

Atrophy  of  the  optic  nerve  manifests  itself  by  amUyafHaiy  «aliv 
blindness,  and  contraction  of  the  field  of  vision.  Some  iMltieoti MB* 
l>lain  of  a  mist  which  interferes  witli  their  sight;  othera  simply  aolisi 
that  their  eyen  are  fculing.  Generally  the  condition  develo|]a  finit  ili<ai 
eye,  or  at  least  is  noticed  in  bnt  one  eye.  But  sooner  or  later  the  oHiir 
eye  is  always  atta4^^ked  also.  In  fai^-t  it  is  very  remarkable  that  m  tni^ 
unilateral  atrophy  of  the  ojitic  nerve  never  <xi'ars,  although  the  oli^ 
t^rel>ral  nerves  may  lie  aflfecied  on  one  side  only.  The  diffemao^b^ 
twecn  the  eyes  often  i^ersists  for  years;  one  eye  may  evBU  be  qiii* 
litiud,  while  the  other  sees  tolerably  well.  The  final  outcomet  hoveftf* 
IS  blindness  of  Imth  eyes.  How  much  time  wiU  elapae  faeioietbii 
Occam  cannot  l>e  determined  at  the  Dutset.  Sometimee  the  amUyopi* 
progreaaes  rapidly  at  first  and  then  remains  stationary  for  a  caandi^ 
able  ]ierirMh  It  is  well  not  to  exjiress  a  too  unfavorable  optiii(m»  fc* 
nuiny  patients  pass  thn>ugh  some  years  with  tolerable  cmmfurl  W 
there  are  malignant  cases  also,  in  wluch  blindness  reaulta  qnidEly* 
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Color  blindness  and  contraction  of  the  field  of  vision  do  not  always 
keep  pace  with  the  amblyopia.  Color  blindness  especially  may  ap- 
I)ear  first  and  in  a  certain  sense  independently.  Green  and  red  usu- 
ally disapi)ear  first,  then  yellow  and  blue.  Some  patients  see  every 
thing  gray  in  a  gray  field. 

The  field  of  vision  is  generally  found  concentrically  contracted  in 
amblyopia,  but  may  also  have  jagged  and  irregular  borders.  Now 
and  then  the  field  of  vision  may  remain  approximately  normal  al- 
though the  acuity  of  vision  is  much  reduced.  In  a  few  cases  hemi- 
anoi)8ia  has  been  found  or  defects  corresponding  to  about  a  quadrant 
have  been  seen.  Gowers  thinks  that  since  the  ophthalmoscope  re- 
veals no  corresponding  lesions  in  the  retina,  a  lesion  of  the  chiasm  is 
to  be  assumed  as  the  cause.  But  there  may  be  a  complication  pres- 
ent, an  occipital  focal  lesion.  Central  scotoma  is  of  very  rare  occur- 
rence in  tabes. 

It  is  a  singular  fact  that  atrophy  of  the  optic  nerve  appearing  early 
in  the  disease  seems  to  have  an  inhibitory  effect  upon  the  develop- 
ment of  tabes.  This  was  first  shown  by  Benedict.  Gowers,  Martin, 
and  others  made  the  same  observation  later.  It  is  quite  certain  that 
patients  with  atrophy  of  the  optic  nerve  often  have  remarkably  few 
symptoms,  little  pain  and  little  anaesthesia,  and  hence  no  ataxia. 
The  latter  appears  finally,  but  fifteen,  even  twenty  years  may  elapse 
before  its  apx)earance.  If,  on  the  other  hand,  this  atrophy  occurs 
later,  when  ataxia  is  already  present,  there  is  no  evidence  of  *^  inhi- 
bition." 

The  tabetic  paralyses  of  the  eye  muscles  constitute  an  interesting 
chapter.  In  the  first  place  it  is  to  be  remarked  that  the  majority  of 
all  i)aralyses  of  the  eye  muscles  in  adults  are  of  a  tabetic  nature. 
This  is  not  sufficiently  recognized,  first  because  these  paralyses  may 
be  among  the  first  symi)toms,  and  secondly  because  they  are  very 
often  transient.  Almost  every  i)araly8i8  of  the  eye  muscles  brings  the 
patient  to  consult  the  physician.  If  no  other  striking  symptoms  are 
present,  a  rheumatic  or  syphilitic  paralysis  is  diagnosticated,  and  if 
the  affection  disai)pears  in  a  few  weeks,  the  physician  regards  the 
diagnosis  as  confirmed  by  the  result  of  the  treatment.  It  may  be  said 
that  every  paralysis  of  the  eye  muscles  which  develops  without  pain 
in  a  hitherto  healthy  i^erson  of  middle  age  makes  tabes  very  probable, 
for  the  paralyses  of  tertiary  syphilis  are  almost  always  accompanied 
with  x)ain»  as  are  also  the  very  rare  rheimiatic  paralyses,  i.e.,  those 
dependent  upon  a  neuritis  of  unknown  origin,  and  recurrent  paraly- 
sis of  the  oculomotorius  uer\'e.  Multiple  sclerosis  may  cause 
I>araly8is  similar  to  that  of  tal)es,  but  is  a  much  rarer  disease. 
The  sooner  the  tabetic  paralyses  of  the  eye  muscles  develop  the 


Hp{»eHn  xxuv 
|)ear  entirely, 
sis  ia  limited. 
If,  for  examp! 
otLer  externu 
fthoTira  by  al 
twitchings  arc 
drome  of  opl 
externi,  donbl 
the  pupil  is  a 
the  eye  imiscl 
lateral  or  bilai 
terim,  Progr- 
tlie  most  imjK 
eles  iu  tabes. 
eye  muselea  bt 
spared.  The 
course  of  the  i 
all  of  the  most 
impils  are  ah 
traeted. 

MiK'h  mrei 
terual  muacles 
jtle^ia  interna 
the  former  we 
pupil.  OphtL 
8es  at  the  begi 
hlBtory  of  the 


SYMPTOMS.  837 

the  trigeminus  have  already  been  mentioned.  So-called  trophic  dis- 
turbances may  occur  with  the  disturbances  of  sensibility,  and  also 
paralysis  or  atrophy  of  the  muscles  of  mastication.  Of  the  trophic 
disturbances  especially  to  be  noted  is  the  tabetic  shedding  of  the 
teeth.  The  teeth  of  the  patient  become  loose  and  fall  out  without 
suppuration,  generally  even  without  pain.  Often  the  patients  pull 
out  the  loosened  teeth  with  their  fingers.  One  of  my  iiatients  had 
thus  cleared  the  entire  upper  jaw  and  carried  the  apparently  normal 
teeth  about  in  her  pocket.  Sometimes  portions  of  the  alveolar 
margins  also  become  loose.  The  alveolar  border  always  atrophies 
after  the  teeth  fall  out,  and  the  lower  jaw  may  become  exceedingly 
narrow.  The  sensory  trigeminus  symptoms  in  cases  in  which  the 
teeth  are  shed  are  sometimes  marked,  sometimes  slight.  In  any  case 
there  is  no  direct  relation  between  the  disease  of  the  jaw  and  the  an- 
assthesia.  In  one  x>atient  of  Yallin's  there  were  only  a  tickling  in  the 
phajcynx  and  the  sensation  of  a  lead  cap  upon  the  head ;  in  another, 
only  the  left  half  of  the  face  was  anaBsthetic  and  the  muscles  of  mas- 
tication were  atrophied  only  on  the  left  side,  although  the  teeth  had 
fallen  out  on  both  sides.  In  a  patient  of  Dolbeau's  who  had  had 
such  strong  teeth  that  **  he  could  crack  one  hundred  and  fifty  apricot 
kernels  in  one  day,"  all  the  teeth  and  a  number  of  pieces  of  bone  had 
fallen  out  without  pain.  In  this  case  the  atrophied  jaws  were  cov- 
ered with  healthy  mucous  membrane  and  the  cavities  of  the  maxillae 
were  oi)en  so  that  the  finger  could  be  inserted  into  them ;  there  was 
also  a  severe  keratitis.  Necrosis  of  the  cornea,  the  so-called  oph- 
thalmia neuroparalytica,  is  very  rare  in  tabes  patients,  but  it  does 
sometimes  occur  as  this  case  shows. 

Recently,  tabetic  ulcers  of  the  mouth  have  been  described  and 
have  been  regarded  as  mal  x)erforant  of  the  mouth.  As  far  as  I 
can  see,  in  all  cases  they  have  been  ulcers  which  were  connected  with 
the  loss  of  the  teeth,  and  it  may  be  surmised  that  their  cause  was  the 
formation  of  seiiuestra.  In  L.  Wickham's  patient,  for  example,  the 
teeth  had  previously  fallen  out,  the  alveolar  process  was  in  part  de- 
stroyed, and  the  diseased  tissues  were  insensitive ;  the  sound  encoun- 
tered carious  bone  at  the  bottom  of  the  ulcer,  which  was  surrounded 
hy  an  elevated  margin  and  was  covered  with  thin  and  ill-smelling 
pus.  In  other  cases  the  maxillary  cavities  were  open.  In  a  case  of 
Letulle's  the  mal  i)erforant  had  destroyed  the  right  half  of  the  velum 
of  the  palate  and  a  x)ortion  of  the  upper  jaw;  all  the  teeth  of  the 
upper  jaw  had  been  lost;  the  course  was  painless  throughout.  Ta- 
betic salivation  may  also  perhaps  be  regarded  as  a  trigeminal  symp- 
tom. At  all  events,  trigeminal  symptoms  are  mentioned  in  almoHt 
all  of  the  cases,  such  as  severe  facial  pains,  facial  parjpsthesins  and 
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falling;  out  of  the  tef^tb.  The  flow  of  bhHvu^  the  sialnrrfacp^ 
curs  usually  iu  the  form  of  attacks,  ;hicL  last  a  few  days  unci 
which  great  quautitiea  of  saliva  may  be  cli«i*harged  (alxjot  501)  gm. 
in  twenty-four  hourti).  The  flow  of  t^arH,  the  epiphoni  of  Hm 
tabetic,  which  is  oicasionally  met  with  Ls  to  be  regarded  in  At 
same  way  as  the  BialorrhcFa* 

Paralysis  of  the  irMirtticatory  muscles  is  j^eDerally  uuilatt^tult  «*l 
all  the  muscles  of  the  affiH^tinl  side  appear  to  l>e  attacked.  The  mtm' 
cles  waste,  a  jiit  is  felt  id  the  situation  of  the  temporal,  aiid  the  jawii 
deviated  by  the  action  of  the  normal  pterygoid  muscles  of  ili^  cttd 
side. 

Disturbances  of  the  sense  of  taste  are  ver>'  rare  in  t^be«.  It  ii 
reported  in  exceptional  cases  that  taste  was  absent  iipcm  Ibe  Uh 
terior  part  of  one-half  of  the  tongue  (in  the  presence  of  other  Iri- 
j<eniinal  symt^tonis)  or  that  a  patient  was  fouud  with  no  sense  of  l3sl^ 
whatever,  or  with  a  morbiiUy  altered  sense.  It  is  remarkable  ILaI  iht 
facial  muscles  are  very  rarely  attackeil  in  talies.  It  is  tma  thil 
paralysis  of  the  facial  nerves  sometimes  occurs,  but  m^t  en^rr  t^iii 
paralysis  iu  tabes  |)atients  is  of  a  tal^tic  nature.  We  may  akndooU 
wl tether  spasm  of  the  face  may  not  l)e  due  to  some  complicnticta^  I 
have  twice  seen  convulsive  tic  iu  tal)ea  patientM  in  whom  th^««Ml0 
trigemiual  affection. 

Bi»th  the  disturhances  of  heariug  and  giddineas  may  be  f9|GvM 
as  symptoms  of  involvement  of  the  auditory  nerA'e.  Some  ttoAm 
for  example  F.  Mario,  have  found  the  so-ialled  Meniere's  ijfmptoBi 
in  a  consideral >le  numljer  of  their  cases  of  tabes.  Thene  hie  mn\^ 
tive  noises  with  attacks  of  giddiness.  The  noises  were  ! 
like  the  whistliuK  <^'  loc«oraotive8»  or  the  sound  of  mshin^  i  .^ .  :^ 
water,  or  the  sound  of  l>ells.  The  [latieuta  felt  themselvfta  tmpdM 
forward  or  to  one  sitle  or  as  if  they  were  l^eing  whirle<l  aUtut  nra^if 
sinking.  Some  had  giddiness  even  in  he<l;  they  imagineil  tliat  tb«*^ 
were  falling  out,  or  were  revolving  with  the  l»e<h  Deafness  wiw  jffft* 
erally  jireseut,  I  nit  tliis  was  not  dej^endent  u]>on  difieasefl  of  the  i>^' 
of  hearing  but  uptm  affections  of  the  middle  ear  not  of  a  tab^ 
nature.  Accordiug  to  the  views  of  other  authors  with  wbain  ligiM, 
JfetiitTe's  disease  is  rare  in  tahe.s.  Of  course  all  giddinewi  iii  iiflt  ^ 
I  MS  referred  in  the  semicircular  canals.  Its  cause  is  often  jmrmly^ 
of  the  eye  muscles.  Many  patients  liecorae  dizzy  if  they  Iii'>k  np 
wards,  though  nothing  abnormal  may  l»e  fouml  in  eye  or  ear.  ft*' 
attacks  of  dizziness  are  probably  slight  epileptic  attiii'ks. 

Disease  of  the  auditory  nerve  is  rare,  but  does  oocar.  A  laiiW**' 
or  bilateral  ileafuess  is  then  present  which  gmilually  Ijecooifli  oo** 
plete.     Irritative  phenomena  ma.v  or  may  not  occur  at  the  begittsNE* 
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Among  symptoms  of  the  vagus  and  accessory  nerves  the  laryngeal 
crises  and  paralyses  are  the  most  important.  Both  conditions  gener- 
ally occur  together,  although  the  one  is  not  dependent  upon  the  other. 
The  common  laryngeal  crises  somewhat  resemble  an  attack  of  whoop- 
ing cough.  A  sensation  of  pricking,  tickling,  or  choking  in  the  throat 
generally  precedes  the  attack,  but  the  spasm  may  also  develop  quite 
suddenly.  A  long  noisy  inspiration  is  succeeded  by  short,  quick 
coughs  and  finally  a  small  quantity  of  mucus  is  exx)ectorated.  These 
attacks  di£fer  greatly  in  duration  and  severity.  Contrasted  with  them 
are  the  still  more  severe  attacks  in  which  suffocation,  loss  of  conscious- 
ness, and  epileptic  convulsions  endanger  the  life  of  the  patient.  There 
is  first  a  burning  in  the  larynx  followed  by  a  feeling  of  suffocation, 
the  patient  can  no  longer  stand,  he  struggles  painfully  to  breathe  and 
draws  long,  noisy  inspirations.  Soon  even  this  becomes  impossible, 
the  patient  loses  consciousness,  his  pale  face  becomes  cyanosed,  and 
an  epileptic  paroxysm  may  ensue.  Generally,  however,  the  process 
does  not  go  to  this  extreme;  after  a  few  minutes  the  spasm  of  the 
glottis  relaxes  and  the  patient  recovers  consciousness.  It  appears, 
however,  that  death  may  occur  in  these  attacks.  The  ictus  laryngeus 
has  been  described  as  a  separate  form ;  in  this  unconsciousness  follows 
immediately  the  premonitory  sensations  in  the  larynx  and  the  patient 
falls  to  the  ground,  so  that  the  attack  strongly  suggests  a  common 
epileptic  fit.  The  different  forms  of  laryngeal  attacks  may  occur  in 
the  same  patient.  He  may  suffer  for  years  with  slight  attacks  and 
the  severer  form  may  finally  develop.  The  fre<iuoncy  of  the  attacks 
also  varies  greatly.  Some  patients  have  an  attack  only  once  in  a  year 
or  two,  others  have  them  very  frequently.  These  attacks  may  occur 
in  series,  so  that  all  night  long  one  attack  of  paroxysmal  coughing 
may  follow  another.  Sometimes  no  exciting  cause  can  be  detected, 
sometimes  the  attacks  api)ear  to  be  brought  on  by  swallowing  or  by 
rapid  bodily  movements.  Aside  from  the  laryngeal  paralyses  exam- 
ination discloses  often  an  increased  sensitiveness  of  the  laryngeal 
mucous  membrane;  if  the  vocal  cords  are  touched  with  a  probe  an 
attack  is  produced.  In  some  cases  laryngoscopic  examination  detects 
no  abnormality. 

As  a  rule,  laryngeal  paralyses  are  present  together  with  the  crises 
of  the  larynx,  but  may  develop  later  than  the  latter,  and  may  occur 
without  them.  By  far  the  most  common  form  of  laryngeal  paralysis 
is  paralysis  of  the  abductors.  If  this  is  unilateral  it  causes  little 
trouble.  If,  as  is  usually  the  case,  it  is  bilateral  there  is  difficulty 
in  breathing  with  rattling  or  gasping  sounds  as  soon  as  the  patients 
begin  to  move  rapidly,  ascend  stairs,  and  the  like.  The  voice  remains 
clear,  but  the  patients  are  easily  fatigued  by  talking.     Examination 
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bIiows  approxiiimtioii  of  tlie  xoceA  corclfl  and  iuduffieieut  ope&iiig  rf 
the  riraa  glottitlia,  vvliicL  is  often  of  au  elliptical  form.  Tlie  nbdcwtor 
pamlywis  aeeriiH  to  iPredit^jioBe  tbe  patient  to  severe  ctiBea^  siooe  il  i 
BpaBiu  occ'UFH  the  glottis  is  easily  completely  cloaed.  The  pftiil,Tdi 
uext  in  fretjueucy  ia  unilateral  paralysis  of  the  Tocal  cords  or  »- 
curreas  ijarnlvHiH.  Here  difficulties  of  respiration  are  not  tDaritid, 
but  the  voice  becomes  either  harsh  and  metallic  or  quite  devoid  of 
resonance.  The  nu-est  form  is  complete  bilateral  paralysis  of  the  tocil 
cords*     Anaesthesia  of  the  larynx  is  only  excejitionally  met  i»itiL 

The  laryngeal  afTections  belong  as  a  rule  among  the  early  symp- 
toms of  tabes.  They  are  not  very  commoiK  According  to  rmom 
statistics  they  may  be  expected  in  only  about  seven  to  eight  |*i 
cent*  of  tabes  cases,  although  the  statements  of  the  laryngologkte 
show  that  tal>etic  paralyses  of  the  larynx  are  the  moBt  £re(juent  fon» 
of  laryngeal  jjaralyses.  In  contrast  with  the  paralyses  of  the  ocuitf 
muscles,  transitory  jiaralyses  are  rare  in  the  larynx.  The  larjn^ 
liarnlyses  are  generally  i>er9istent  from  their  first  appearaooev  il* 
though  their  degree  may  var\'. 

The  ])har\'ngeal  crises  described  by  Opi>enheim  are  much  ©aw 
rare  thau  the  affections  of  the  larynx*  They  consist  in  attacks  it 
which  vittlent  move  mentis  of  swallowing  follow  each  other  in  quiet 
successi*>n  attended  by  gurgling  or  cooing  sounds.  The  attack  Inte 
from  a  ivw  minutes  to  half  an  hour.  There  may  be  twenty ^four  swiK 
lowing  movements  to  the  minute.  It  is  mdd  that  deep  presiaure  bf^ 
side  the  uifiJcr  i>ortiou  of  the  larynx  will  generally  stop  these  aitw'U 

Paralysis  of  one-half  of  the  palate  occurs  sometimes^  idmcMt  il- 
w^ays  in  connection  with  other  paraljtic  conditions  which  are  tob« 
referred  to  the  hi.st  tliree  cerelu'al  nerves*  Very  rarely  atrophy  d  tb 
external  mu-st^les  supplied  by  the  spinal  accessory,  the  Btemo-deido- 
niastcnd  and  tlie  trapezius,  have  been  observed  in  taljei!*.  This  aff«^ 
tion,  like  the  periiOieral  muscular  atrophy  of  taltes  in  ^uetBL  wkiA 
we  ^shall  desciibe  l>olow,  is  accoinp^mied  by  the  rt^iiction  of  de^ 
enitioa  and  may  l>e  either  transitory  or  pei-sist^nt.  I  once  ■• 
muscular  atropliy  coiiiined  to  one  trapezius  which  disapjiftaredeiilMT 
in  tlie  course  c)f  a  year. 

Some  authtirs  regard  the  taehyeaixlia  of  talies  as  a  vAgna  symptom 
Accclendiuri  of  the  pulse  is  not  nire  in  tabes 
of  the  cases  the  affection  is  uudoubti 
tlialmic  goitre.     l)egeueratit)n  of  t 
may  sometimes  lie  the  cAinse  of  * 
which  Is  occasionally  obs« 
being  a  "cardiac  crisis." 
comi>licatif m  wuh  present 
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It  is  iloubtful  liow  far  Uie  gaatric  crises  are  to  be  coasidered  a 
fa^^R  symptom.     Tliey  will  be  confide retl  below* 

Finally  the  hy|>ogloswiia  nerve  also  doeH  not  eseaj^e  iu  tabes. 
Charcot,  G,  Ballet,  and  otiiers  have  seen  unilateral  ati^ophy  of  the 
toDgiie-  I  have  also  Been  it  once  in  tabes,  Hemiatrophia  linguae  is 
genertdly  first  discovered  during  an  examination,  for  it  uj^ually  gives 
jUie  patient  no  annoyance  and  interferes  neither  with  eating  nor  with 
iking.  The  protruded  tongue  arches  towards  the  affected  side. 
Tim  atrophied  half  of  the  tongue  forms  a  kind  cjf  appendage  to  the 
lealthy  side  and  is  deeply  furrowed.  Since  hemiatrophia  lingme  is 
rare  affection,  it  at  once  suggests  tiilies,  i)rovided  that  ])erii>heral 
disease  of  the  h\"j>oglossus  ner\'e  or  a  tumor  or  other  aff,ectiou  of  the 
base  of  the  skuU  is  not  present.  Lingual  atrojjhy,  as  a  ndej  is  found 
among  the  early  symptoms.  Exceptionally,  liilat^ral  atrophy  of  the 
tongue  occurs ;  such  a  case  was  reported  by  Eisenlohr. 

It  is  a  singular  fact  that  the  symptomB  of  lesions  of  the  cerebral 
nerves  often  *ip|)ear  in  groups.  Not  only  do  different  synijitoms  from 
tlie  vagus  and  accessorius  occur  together,  but  also  nuclei  which  do 
not  lie  near  e^ch  other  often  become  diseased  at  the  same  time,  or  in 
succession.  Thus  paralyses  f>f  the  ocular  muscles  are  always  present 
with  atro])hy  of  the  tougne,  and  together  with  trigeminal  s^nijitoms 
ihere  are  almost  always  symptoms  from  other  cerebral  nerves,  etc. 
It  apiicars,  therefore,  that  there  is,  as  a  rule,  a  more  or  less  extensive 
injui^v  iuflicted  upon  the  region  of  the  cerebral  nerves  if  tabes  once 
invades  it  at  aU,  But  it  shonid  be  added  that  atrojihy  of  other  mus* 
cles  is  often  associated  with  that  of  the  muscles  innervated  l>y  the 
cert^bnil  nerves,  for  example,  atrophy  of  thesjuall  muscles  of  the  hand 
with  atrophy  of  the  tougne  or  of  the  muscles  of  nuistication ;  further 
that  bone  and  joint  affections  apj>ear  to  \>e  more  frequout  iu  patients 
with  muscular  atrophy  than  in  other  patients,  and  tinally  that  gastric 
eriBes  are  not  of  rare  occurrence  in  these  cases.  Tlnis  there  may  be 
eDcoiintered  a  coUectitm  of  the  rarast  sjiuptoms  of  tal^es  in  tuie  indi- 
YiduaL  After  i»erhaps  a  series  of  cases  lacking  iu  symptoms  of  un* 
ual  iuterest  tliere  comes  one  case  in  whitdi  such  symptoms  are 
>re8eut  in  superabundance.  It  is  doul^tful  whether  such  pheiiomeiia 
lepend  ujMjn  a  peculiarity  oi  the  tribes  poison  or  uiiou  au  idiosyncrasy 

ffectious  t)f  the  cerel>ral  nerves,  various  pheuouieua 

,  which  arc  geneniUy  called  the  nrcbnil  siftiipfatus 

attat^ks  of  migraine^  eiuh^jjtic  attacks,  apoplei-- 

ental  disturlmuces.     It  is  probiibly  more  coirect 

symiitoms  of  gcjieral   jiaralysis  in  talx^s  pa- 

l  to  an  incomplete  [>aralytic  affectiou  of  the 
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cerebral  cortex  and  there  are  easy  trausitions  between  Ctt 
isolated  paralytic  symptoms  aud  those  with  ntidoubled 
paralysis. 

Attacks  of  migraine  may  appear  simultaneously  with  th©  stgnft 
incipient  tabes,  not  only  att-acks  of  the  common  migrauit^  hot  lilufi 
ocular  migraine.  We  must,  of  course,  distiuguish  betwieen  miin^uiw 
patients*  who  become  talietic  imd  tabes  patient**  with  attacks  of  mi- 
Kraine.  In  the  former  class  the  migraine  is  inlierited  and  has  exifliri 
since  youth;  the  attacks  often  l)econie  more  rare  or  eaatte  nltpsellwr 
wl^en  bd>es  develops.  If,  on  the  other  hand,  the  migraine  is  a  part  if 
the  taljcs,  it  tirst  l>egins  at  a  mnture  age.  If  a  man  of  forty  yiMifsliM 
an  attack  of  migraine  for  the  first  time  we  may  think  serioualjr  of  Ai 
possiliility  of  tid)eH.  Such  tabetic  or  paralytic  njigraiDe  atfaidoiffc 
not,  however,  appear  to  l>e  very  common. 

Epileptic  attacks  are  also  rare  in  tabes.  Perhaii^  mmw  of  tli^il- 
tacks  of  giddiness  in  tabes  jjatients  are  of  an  epileptic  natniB*  Th» 
previously  mentioned  eiiiloptic  conditions  connei^ted  with  Ibe  laip- 
geal  crises  are  of  course  not  to  be  cousidere<l  here.  On  the  otltff 
hand,  it  is  possible  that  epilepsy  may  occassional ly  iK^cnr,  not  «iit»r- 
dinated  to  taU^s  but  simultaneously  with  it  fis  a  coordinated  nSf^ 
tion.  Tliere  is  a  parasyphilitic  epilepsy  (Founiier),  tliat  i&,  w 
epilepsy  which  lieai's  the  same  relation  to  syphilis  as  tal)es  does. 

Somewhat  more  fretiuent  than  ejuleptic  are  apoplectifnnii  attMlB^ 
suddenly, developing  and  as  suddenly  disapjiearinghemiplegia*  mriDP" 
ydegia,  aphasia,  etc.  These  much  resemble  the  paralytic  attftfK 
and  as  a  nde  other  paralytic  symptoms  are  present  in  the  caif«  io 
which  tht'v  occur.  Yet  it  is  said  that  sometimes  the  apoplectiferm 
cnnditi<»ns  are  the  only  paralytic  symptoms  present.  Of  contmtt^ 
bnd  f*iral  Irsitvns  which  are  due  to  arteriosclernwL**  nn^  i^octt&m^J 
olisened  in  the  tain 'tic.  If  the  cerebral  paralyaew  are  permaiH*Dt,  th*' 
existence  of  such  f<»ci  is  probable, 

Well-niarked  psychical  changes  no  one  would  ri'ganl  an  '•ywr*'^ 
matic  (if  tiiljes,  yet  lesser  changes  which  oorreapond  to  a  light. pai*' 
lytic  affection  t>f  tliBrortex,  as  hiis  l)een  repeatetUy  pmn^l,  ««»iot<» 
Im*  not  very  rare.  There  is  then  a  slight  mental  weakn^^sti  with  w«» 
euphoria.  It  Inis  Ijeen  rej^eatedly  observeil  that  many  talim  jiatoVo** 
endur<»  tlnMT  s**vere  affliction  with  remarkable  cheerftilneaa  and  f«>P^ 
fulness,  niid  it  is  known  thai  they  reailily  entertain  all  kinds  of  dtc^ 
tive  notions.  In  some  a  distinct  loss  of  memory  is  also  ohier''i 
It  is  oft4>n  natumlly  im[iosHible  to  determine  with  nny  certiiMy 
whether  the  mf>ntal  powers  of  the  patients  are  at  all  iin{iaired* 

If  true  insanity  develops  in  tabes  patients,  it«  form  in  th#  ff*^ 
majority  of  cases  is  general  paralysis,  bnt  of  conn^  idl  of  th#  f^ 


( 


i 


SYMPTOMS-  843 

foriDB  of  meBtal  derangement  maj  occur  iu  tabes,  to  wit,  paranoia,  in- 
termittent inHaoity,  bypochondriacal  and  hysterical  staters,  et^.  The 
distinction  will  generally  not  be  difficult,  since  in  the  endogenous 
psychoses  abnormal  mental  states  have  generally  been  present  before 
the  appearance  of  bibes,  aud  the  clinical  picture  itself  generally  admits 
of  no  doubt.  Of  course,  complicated  conditions  CK*cur — ^endogenous 
aben^ations  plus  alcoholism,  plus  tabes,  or  perhaps  morphinism  plus 
traumatic  hysteria,  plus  tabes,  conditions  in  which  careful  inquiry 
into  the  history  and  continued  observation  are  necessary  in  order 
to  reach  a  decision.  At  all  events,  the  so-called  *^  tabes  psychosis" 
does  not  exist.  It  has  been  supposed  that  the  pains,  the  paiu^sthesiie, 
etc.,  might  lead  to  a  disturVied  psychical  state  in  which  tlie  percep- 
tions become  distorted,  the  paius  teing  regarded  as  produced  by  in- 
visible enemies  and  the  like.  But  such  assumptions  are  purely 
arbitrary ;  as  a  rule  in  the  taljes  psyciiosis  the  condition  is  general 
jmralysis,  or,  exceptionally,  tabes  w^ith  ])aranaia. 

Besides  the  syni]>troms  already  discussed  the  most  important  signs 
of  tabes  consist  in  twT>  groups  of  phenomena;  first,  affections  of  tlie 
viscera  which  manifest  themselves  partly  as  lancinating  pains  in  the 
thoracic  and  abdominal  organs,  and  ]>artly  are  ]>i'obably  to  l^e  ex- 
plained as  the  results  of  anaesthesia  of  these  organs;  and  second, 
changes  in  the  Ixmes,  the  muscles,  and  the  nkin  with  its  appendages, 
changes  which  are  generally  comprehended  under  the  term  trophic 
disturbance, 

Vmceml  crken  consist  in  attacks  nf  ]iaiu  iu  the  stomach,  the  in- 
testine, the  l>ladtler,  or  other  organs.  Secretion  generally  accom- 
jianies  these  i>ains  and  sometimeB  the  athickn  are  j^urely  Hecretory, 
without  [lain. 

By  far  the  most  important  aud  the  inost  common  are  the  gastric 
crines.  Delamaie  tii*st  called  attputiou  to  tliem  and  tn  C  liar  cot  wt^ 
owe  the  first  correct  description  nf  them.  Pain  generally  occurs  cjuite 
imexi>€*ctedly  iu  the  region  of  the  stomach — "cramps  iu  the  stomach.'' 
Sometimes  the  pain  is  descrilmd  as  a  contraction,  and  Komotinies  the 
patienb*  Hj)eak  of  electrical  shocks  which  pass  from  the  stomach  to 
the  HjHue  and  occawioually  to  the  region  between  tlie  sliouhler  blades. 
Girdle  pain  also  occurs.  Emesis  soon  appears,  ami  returns  at 
short  intervals,  somewliat  as  ia  HoaHirkness.  Tlie  fond  which 
happens  to  l»e  in  tlie  stfuuaeh  is  first  vomited^  tli^Mi  follows  Matery 
mucuH,  which  is  soon  mixed  witli  bile.  B1o(h1  is  not  infretjuently 
vomited  also.  It  is  impossiljle  to  take  mmrishinent,  for  everything, 
even  a  swallow  of  water,  is  vfnuit^^d  immediately.  Tlie  pains  and  the 
vomiting  continue  for  hours  or  days,  even  weeks.  The  average  dura- 
tion of  a  gastric  crisis  is  several   days.     The  pains  are  often   very 
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severe,  so  that  the  patients  cry  out,  nre  "  doubled  up'*  with  tiiem, 
writhe,  and  asaum«  the  most  extraordiiiai  j  [lOHitionB,  and  auiy  erea 
faint.  Hardly  less  severe  sufferings  come  from  the  coutiniioas  fom* 
itiug  and  retching,  the  thirst,  and  the  loss  of  sleep,  so  thiLt  ii  is 
easily  compi-ehended  why  the  patienbi  are  greatly  exhausted  ami  de- 
pressed  after  a  crisis  of  some  duration.  It  m  remarkable  thai  the 
stomach  appears  to  be  normal  immeiliately  after  the  termiuatiou  U  a 
crisis.  One  of  my  patients,  after  he  had  eaten  absolutely  nothing  ilikI 
had  vomited  incessantly  for  days,  was  accustomed  to  call  for  a  g]im 
of  Bavarian  beer,  which  he  greatly  reUshed.  After  this  he  could  eal 
anything.  There  are  crises  which  last  only  half  an  hour  or  an  hoar, 
and,  on  the  other  hand,  states  lasting  for  weeks  have  lieen  oheerrod 
in  which  transient  improvement  is  always  followed  by  renewed  piin 
and  vomiting.  Of  late  years,  many  investigations  have  l^een  nuder- 
tiiken  to  ascertain  the  chemicml  constituents  of  the  vomited  matters, 
with  varying  results.  Great  acidity  has  been  found  only  a  few  tiam, 
more  frequently  the  amount  of  acid  is  small.  In  all  prohabilif  ' 
chemical  condition  of  the  conteuts  of  tlie  stomach  is  of  quit©  > 
dinate  inipoiiance;  it  varies  with  the  state  of  the  patient.  Th« 
amount  of  blood  vomited  is  rarely  large.  As  a  rule  it  is  product 
probably  by  mechanical  injuries  of  the  mucous  membrane  dunog 
retching.  There  may,  however,  be  hemorrhages  which  are  anjilogov 
to  the  cutaneous  hemorrhages  which  sometimes  accompany  thd  kft- 
cinatiiig  pains. 

The  incomplete  gastric  crises  in  which  there  is  either  pain  alam 
or  only  rett^hing  and  vomiting  are  rather  uncommon.  In  the  bamt 
ease  the  condition  resembles  an  attack  of  gastric  colic  and  may  eidy 
fail  to  be  recognized,  in  the  latter  the  crisis  La  very  similar  to  seastek- 
nesH,  and  diagnostic  errors  may  be  committed  especially  if  hype^ 
acidity  is  iireseut. 

Intestinal  crises  are  very  rare.  By  this  term  is  denoted  a^Bcks 
of  diarrliccii  which,  in  contrast  with  the  gastric  crises,  are  only  hikIj 
attcudtnl  with  ]>uiu.  The  watery  diarrhoea  begin.^  suddenly  aud  u^ 
parently  without  cause.  There  are  four,  six,  eight,  or  more  ©tradii- 
tit  ins  a  day.  Tho  affection  continues  for  days,  weeks^  or  months,  aad 
tlien  suddenly  disapi»ears.  This  diarrhoea  much  reBembles  Uiil  d 
ninrbus  Bfisedowii  and  it  may  well  be  that  in  some  caj 
intestin;il  crimes  an  unrecognized  Basedow's  disease  has 

(X-rasioiiidly  when  the  ex[>ression  "  iute-stinal  crisii^ 
rectal  jjaiiis  wliirli  also  occur  in  paroxysms  are  meant. 
say  that  it  st^ems  as  if  a  wedge  or  a  red-hot  iron  were  d 
boweL     Ho  met  lines  also  very  annoying  tenesmus  occt 
be  attt^nded  by  the  evacuation  of  bloody  mucus. 
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As  a  rule  the  ititesiiDe  is  Hluggisli  in  tabes  patients*  They  suffer 
^  from  coDstipatioo  and  are  ol>liged  to  take  laxatives.  True  intestinal 
iocontinenca  is  verj  rare,  even  in  the  late  stages  of  the  disease.  Yet 
not  very  iDfre<iuei}tly  small  qaantitias  of  foecas  pass  off  unnoticed,  bo 
that  tlie  patient«  complain  that  notwithstanding  their  best  efforts 
they  are  unable  to  prevent  Hoiliug  their  clothing.  With  these  cases 
those  should  not  be  confoundt^d  iii  which  the  i>atientH  ai*e  obliged  to 
strain  while  urinating  and  so  occai^ionally  force  out  a  part  of  the  con- 
tents of  the  rectum. 

Gastric  and  intestinal  criseH  belong  among  the  early  Hymptoms  of 
tabei^.  They  may  appear  an  the  first  signs  of  the  disease  and  may  con- 
tintie  for  years  before  tether  ftymptoms  noticeable  by  tlie  patient  mani- 
fest themselves.  Sometimps  they  become  slight  and  infretpient  or 
cease  entirely,  when  the  umial  symptoms  of  tabes  devek*p.  The  state* 
ruents  aa  to  their  frequency  do  not  agree,  l>ut  we  may  assume  that 
they  occur  in  from  three  to  five  i>er  cent,  of  the  cases.  We  have 
ab"eady  spoken  of  the  relatively  fre^  pient  occurrence  in  combination 
of  disturbances  of  the  larynx,  gastric  attacks,  and  bone  disease. 
The  great  majority  of  tiihen  ijatienis,  although  coustiijateib  have  a 
good  digestion. 

Vesical  crises  are  sometimes  encountered.  They  consist  in  violent 
pains  which,  starting  from  the  liypogaHtric  region,  radiate  jdong  the 
urethra  and  extend  to  the  i>erineura  and  the  inner  side  of  the  thighs. 
The  patients  state  that  it  seeniB  as  if  w^ater  were  rushing  through  the 
urethra  or  as  if  molten  lead  were  running  through  it.  In  spite  of  a 
painful  impulse  to  urinate,  they  are  unable  to  do  so.  The  attack 
lasta  several  hours  or  even  a  day,  and  often  ends  with  the  xiasF^age  id 
blood.  It  may  return  at  intervals  of  weeks  and  may  ajipear  in  con- 
nection with  the  lancinating  pains  in  the  legs.  It  is  of  course  neces- 
sary to  lie  cautious  in  making  the  diagnosis.  I  believed  once  that  one 
of  my  imtients  had  a  vesical  crisis,  but  it  finally  apiienred  that  there 
was  a  small  calculus  in  tlie  liladder,  after  the  passage  of  which  the 
attacks  ceased.  Yet  the  autliors  are  positive  that  there  were  no 
calculi  in  their  cases.  In  Raynaud's  first  case  nothing  abnormal  was 
found  in  the  blatlder. 

Benal  crises  have  also  been  descrilied,  that  is,  attacks  which  re- 
semble those  of  renal  colic.  The  known  fact^^  are,  however,  so  scanty 
that  it  is  well  to  reserve  an  espresBion  of  opinion  regarding  them, 

AJthoiigh  the  process  of  urination  in  tal>es  is  often  affec*ted,  >'et 
the  quantity  and  constitution  of  the  urine  are  rarely  abnormal.  Poly- 
uria has  occasionally  been  seen  and  in  a  number  of  cases  glycosuria. 
In  tabetic  glycosuria  the  amount  of  sugar  is  always  small — one-half, 
one,  at  most  two  per  cent.     Larger  amounts  are  prol>ably  fuund  onl\' 
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wlien  the  tabes  is  comiilit*ated  l>y  tlialietes  luellitiia, 
is  generally  referred  to  an  affectiou  of  the  medulla  r»bl(mgata, 
matter  of  fact,  bulbar  BymptomH  have  rei>eat*'dly  lieen  found  [maa^ 
with  it.     The  8t>called  alimeDtary  glyccKsuria  is  also  said  to  hesoni^ 
times  met  with  in  tabes.     There  is  [jrobably  always  some  compli- 
cation, if  albuminuria  is  present. 

In  male  patients  imj lotentia  coeundi  generally  develops  soon^  or 
later.  It  may  appear  at  a  very  early  or  at  a  relatively  late  stage.  In 
rare  cases  the  function  suddenly  di8api>ear8  foi*ever;  as  a  mid,  the 
desire  gradually  diminishes  and  erections  become  more  and  mor^ 
weak  and  infrequeut.  The  potentia  generandi  is  probably  often  pre- 
Hen-ed  unless  a  comidication  (epididymitis,  sarcocele)  is  preeeut 
But  finally  an  atrojihy  of  the  testicles  may  develop. 

Leimbach  found  a  diminution  or  abolition  of  the  sexual  ap|)eliie 
in  58.25  per  cent,  of  the  patients.  In  15,54  j>et  cent,  this  was  ih 
first  symptom.  It  is  probable  that  the  antes the.sia  iilays  an  imjior- 
taut  part  in  the  bladder  affections  and  in  the  impotence.  But  an»- 
thesia  of  the  external  parts  is  not  necessarily  present.  In  exceptioBal 
cases,  priapism  and  increased  sesual  desire  are  reported  in  incipieirl 
tabes. 

Anjtesthesia  of  the  vnilva  and  of  the  vagina  is  sometimes  found  is 
women.  Pleasure  in  the  sexual  act  is  then  usualli^  absent,  bat  it  is 
sometimes  wanting  when  ana^stheaia  cannot  be  detected.  Menetnt- 
tion  is  as  a  rule  unaffected,  but  occasionally  ceases, 

The  crises  of  the  clitoris  constitute  a  singular  symptom.    "Hie 
tient^  have  the  sensations  and  the  secretion  that  accompany 
The  attacks  may  occur  in  the  daytime  as  well  as  at  mghl 
latter  case  tliey  are  sometimes  accompanied  b^'  dreams,  and  then  re- 
semble what  has  been  descrilied  as  **  pollutions  in  the  female.'*    Tlie 
disagreeable  feature  in  these  clitoris  crises  consists  in  the  fact  tint 
they  sometimes  precede  an  attack  of  lancinating  pain.s.     Tliis  8Tm| 
torn  is  rare ;  I  found  it  only  once  among  fifty  female  patients. 

Amcmg  the  most  interesting  features  of  tabes  are  the  diseasai 
the  osseons  system  wliich  manifest  themselves  chiefly  as  fraetuies 
as  tlie  stj-calleil  arfhrojMftkies,     The  tabetic  arthropathies  were 
described  by  Charcot.     His  masterly  description  has  been  suhji 
to  mnrh  cnticisin,  but  is  gaiuing  more  and  more  universal  acoepUnos* 
The  tabetic  joint  affections  are  often,   especially   in  England  mbA 
America,  called  "Cliarcot^s   disease,"  a  term  which    ia   not  to  be 
recomiriPiidPib   for  the  French  sometimes  call  amyotrophic  latenJ 
sclerosis  Charcut's  disease.     The  joint  affection  develops  without «p- 
(varent  cause,  aud  as  a  rule  in  the  early  stage  of  tal^es,  often  before  tb^ 
It  generally    appears   suddenly   without  any  "'  ~ 
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Aptoms,  manifesting  itself  by  a  large  serous  effusion  into  the  joint 
3d  a  doughy  swelling  of  the  sixiToundiDg  imrts.     Fever  and  pain  are 

lerall}'  entirely  absent.  Either  the  sweDing  disappears  after  a 
{•'tiine  and  the  parts  again  become  norraal  (benign  form),  or  severe 
lesiouH  are  left  within  the  joint,  and  we  find  crepitation,  dislocations 
in  couseciueuce  of  the  wearing  away  of  the  surfaces  of  the  bones, 
or  other  luxatious  (severe  form).  The  knee  is  raost  fretiuently  at- 
tacked, then  the  hip  joint,  the  elbow,  and  the  wrist;  more  rarely  the 
joints  of  the  foot,  of  the  vertebrae,  and  of  the  fingei^. 

On  post-mortem  examination  there  are  almost  always  found  atro- 
phy and  proliferation,  the  former  as  a  rule  greatly  prejionderating. 
If  the  process  has  not  advanced  very  far  a  part  of  the  articular 
cartilage  is  still  preserved.  This  appears  eroded.  In  the  bone  is 
found  sclerosis  tagetlier  with  spongy  atroi>by.  Hometimes  a  ring  of 
osteophytes  surrounds  the  articular  surface.  The  joint  ca^jsule  is 
dilated  and  thickened  and  often  studded  with  ex.creHcences.  The 
cavity  of  the  joint  contaius  a  viscid  fluid,  and  loose  todies  in  the 
joints  are  often  present.  Suppuratirm  is  extremely  rare,  if  pres- 
ent being  due  to  a  secondary  infection.  In  the  later  stages  the 
joint  surfaces  together  with  the  cavtiliige  luive  disai>peared.  The  en- 
tire articular  extremities  may  be  worn  ai\'ay,  so  that,  for  example, 
tbe  heail  and  neck  of  the  femur  as  well  4is  the  acetabulum  have 
disappeared.  In  some  eases  {>roliferative  processes  are  more  marked, 
so  that  thick  layers  of  newly  formed  Imny  tissue  surround  tbe  joint. 
On  chemical  examinatitm  the  l>one  is  found  to  lie  poor  in  mineral 
constituents,  especially  the  phosphates,  and  rich  in  fat.  Microscopi- 
cally there  are  found  a  rarefying  osteitis  and  irregular  dilatation  of 
tbe  Haversian  canals,  w^hich  are  filled  with  fat.  But  the  anatomical 
examination  furnishes  a  picture  of  the  termination  of  the  process 
only.  Most  truly  characteristic  is  its  course^ the  sudden  and  imiu- 
leas  development  of  an  enormous  swelling  and  the  cjften  rapid  destruc- 
tion of  the  joint,  which  in  a  sliort  time  may  lead  to  subluxations  or 
luxations. 

In  view  of  this  clinical  picture  there  can  be  no  question  that  tabetic 
arthropathy  is  not  the  same  as  arthritis  deformans.  It  is  a  <]uite 
distinct  aflection,  such  destruction  of  joints  occun'ing  elsewhere  only 
in  syringomyelia.  The  origin  of  the  articular  affection  is  to  be 
explained  by  supposing  that  the  first  change  is  a  morbid  alteration 
in  the  lK>ne.  Accordingly  as  the  diapbysis  or  tbe  e]iipbysis  is 
chiefly  affected,  there  next  results  either  tbe  fractures  which  are  to 
\je  described  further  on,  or  the  arthropathy.  In  the  latter  it  often 
ap]>ears  tliat  the  process  is  initiated  by  the  l)reuking  off  of  small 
poiiions   of   the  ai-ticular  ends.     The  large   swelling  which  is  par- 
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tieularly  marked  in  case  the  knee  or  the  shoulder  is^  affectM  tt 
sometimes  caused  by  the  distended  joiut  capsule,  but  sometimes  it 
diffuse,  the  lower  \mvt  of  the  thigh  aiad  the  greater  part  of  the  k^ 
example,  being  markedly  oedematous.  In  this  case  there  is  prol 
a  rent  in  the  capsule  through  which  the  articular  effusion  becomtt 
fused.  If  the  joints  of  the  inste]>  are  affected  a  singular  defomi 
is  produced,  the  son^alled  tal>etie  toot.  A  hard  boss  projects  U] 
the  dorsum  and  in  the  middle  of  the  sole,  the  foot  hecomeB  ^lOfnf 
and  is  nhorteiied,  the  parts  of  the  arch  of  the  foot  being,  so  to  fipeik, 
driven  into  one  another.  The  movements  of  the  foot  are  painkHt 
but  are  attended  with  crepitatioD.  In  the  rare  cases  of  tabetic  dis^« 
of  the  lumbar  vertebrae  spoudylolisthesis  mav  result.  The  aitbitv 
pathy  is  often  bilateral,  both  knees,  both  hip  joints,  or  both  feetbdjif 
affected. 

Since  the  entire  osseous  system  is  manifestly  involved  in  tabsi^ 
if  the  disease  of  the  ix>nes  is  marked  there  are  numerous  utlifiK 
pathiea  and  fractures.  A  female  patient  of  Charcot's  had  InxMl&m 
I  if  the  tibia  backwards  in  the  left  knee  with  marked  w^earing  awi?  ol 
both  aiiicular  ends  and  almost  complete  disappearance  of  the  patdk 
Both  hip  joints  were  diseased^  as  shown  by  loud  cracking  ainl 
tation,  there  was  luxation  of  the  right  femur  btukwards,  the  U.:  .^ 
merus  was  luxated  inwards,  and  its  head  and  the  glenoid  cavity  lnJ 
disa]>peared ;  in  the  right  maxillary  joint  there  was  loud  crackin*:  (« 
movemeut.  Upon  post-mortem  examiiiation  of  this  patient  tnueUam 
of  the  malar  l>oues  and  other  lesions  of  the  osseous  system  weredis^ 
covered  which  had  escaped  clinical  observation.  Kredel  has  collectrf 
a  large  inimher  of  cases  of  tal>etic  ai*thropathy.  According  to  hta, 
the  knee  joint  was  affected  104  times,  the  hip  joint  56  tiroes,  thi 
shoulder  joint  36  times,  the  elbow  joint  15  times,  the  ankle  joint  $» 
tinicH,  the  toe  joints  10  times,  the  finger  joints  8  times,  the  maiiilMj 
joint  twice ;  the  "  tabetic  foot"  was  present  in  16  case^. 

FntritftrH  of  the  diaphyses  in  the  tatetic  are  more  rare  than 
joint  affcetions.  Tt  is  characteristic  of  them  that  they  are  prodi 
by  qiiita  trivial  causes,  hence  the  name  "spontaneous  fiactiiiQi." 
The  patient,  foi*  example,  fractures  his  thigh  while  puUing  on  to 
iniois;  even  turniug  in  bed  may  c^use  a  fracture*  Tbe  fracttmB  is 
most  always  painless,  and  with  proper  treatment  gen er. 
If  the  fragments  are  not  held  immovable,  nnsightl}*  m 
may  bo  fonued.  It  is  especially  to  \m  noted  that  th 
fracture  may  afifiear  among  the  first  signs  of  tabes. 
the  fliigli  f>r  the  leg,  produced  without  adequate  cause 
man  in  wlioin  tlie  possibility  of  tabes  cannot  l>e  exclud 
should  always  be  susijected.     Other   igns  of  the  disea 
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plegia,  etc.)  will  generally  be  already  present,  but  it  would  seem  that 
spontaneous  fractures  may  occasionally  precede  all  the  other  signs. 
Eredel  collected  73  cases  of  spontaneous  fractures  in  tabes;  the  thigh 
was  implicated  32  times  (among  these  9  fractures  of  the  neck  of  the 
femur),  the  leg  19  times,  the  forearm  6  times,  the  arm  4  times,  the 
clavicle  twice,  the  pelvis  3  times,  the  scai)ula  twice,  and  the  lower 
jaw  and  the  radius  each  once.  Multiple  fractures  occurred  in  16  cases, 
and  in  16  cases  fractures  and  arthropathies  were  present  at  the  same 
time. 

As  to  the  question  whether  the  bone  affections  in  tabes  depend 
upon  definite  lesions  of  the  nervous  system,  and  what  these  lesions 
are,  opinions  differ.  Charcot  was  at  first  inclined  to  assume  an  affec- 
tion of  the  anterior  comua.  There  is  now  no  doubt  that  his  view  is 
incorrect.  Othera  supposed  the  cause  to  be  lesions  of  the  peripheral 
nerves,  especially  of  the  nerves  which  penetrate  the  bones — a  view  the 
reasons  for  which  are  difficult  to  understand.  Becently  Marinesco 
and  others  have  regarded  the  anaesthesia  as  the  causal  affection.  In 
health  the  nutrition,  that  is,  the  blood  supply  of  the  bones  and  of  the 
articular  surfaces,  dei)ends  upon  centripetal  stimulation.  If  this  is 
wanting  as  in  tabetic  anaesthesia,  the  nutrition  suffers,  because  the 
reflex  regulation  of  the  blood  supply  is  no  longer  active.  It  may 
also  be  supposed  that  the  poison  of  tabes  may  injure  the  bones 
directly  under  certain  conditions,  that  conseciuently  the  bone  affection 
is  coordinate  with  that  of  the  nerves. 

The  ligntnoita  may  also  be  destroyed  in  arthropathy.  The  ten- 
dinous tissue  probably  at  times  suffers  a  morbid  change  in  tabes 
analogous  to  that  of  the  osseous  structures.  The  occasional  ruptures 
of  tendons  point  to  this.  By  a  sudden  movement  the  Achilles  tendon 
may  be  ruptured  or  the  quadriceps  tendon  may  be  torn  from  the 
patella.  These  injuries  are  painless,  but  the  muscle  which  is  sepa- 
rated from  its  point  of  attachment  contracts,  and  union  does  not  gen- 
erally take  place. 

Of  the  disedses  of  the  skin  in  tabes  the  perforating  ulcer  is  closely 
related  to  the  affections  of  the  bones.  Not  only  is  it  found  especially 
in  the  cases  in  which  arthropathies  and  fractures  are  also  present,  but 
it^ften  seems  to  depend  upon  an  affection  of  the  bones.  By  malum 
perforans  is  meant  an  ulcer  which  perforates  the  skin  and  at  the  base 
of  which  carious  bone  is  often  to  be  felt.  It  manifests  itself  almost 
always  as  small  cavities  in  the  sole  of  the  foot  or  on  the  dorsum  of 
the  toes,  looking  as  if  they  had  been  punched  out,  which  secrete 
a  thin,  ill-smelling  pus,  are  insensitive  and  heal  with  difficulty.  It 
is  manifestly  possible  not  only  that  a  neglected  injury  of  insensitive 
parts  of  the  foot  might  le^d  to  a  deep  ulcer  which  finally  reaches  the 
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boue  or  penetrates  into  a  joint,  but  also  tliat  dead  bone  may  orig 
a  fistula  which  appears  as  malum  perforans.     The  suppuration  ot  i 
bursa  may  also  be  the  first  step  in  the  process.     The  favorite  lo 
of  the  ulcers  is  the  toes,  and  of  these  especiaMj  the  great  toe^ 
eral  ulcers  often  occur  simultaneously  or  in  suceeasion* 

Other  changes  in  the  skin  are  very  rare*  Ery  thema»  ntiligo,  udd 
condition  resembling  ichthyosis  have  been  described  as  signs  ofyiail 
The  last-named  condition  consists  in  a  reddened,  dry,  and  thiekeMli 
skin,  covered  abundantly  with  epidermic  scales.  Occasionjilly  obsti- 
nate chronic  eczema  is  found  upon  the  hands  and  feet.  The  catueov 
hemorrhages  and  the  herpetii  eruptions  which  occasionally  accompor 
the  lancinating  pains  have  already  been  mentioned.  Atrophy  of  tfe 
skin  also  occurs.  The  skin  is  ihen  either  wrinkled  and  thin,  m  if  I 
large,  or  thin,  glossy ^  and  clasely  adherent.  More  fretjnejst 
changes  in  the  sweat  secretion,  hyperhidrosia,  or  more  con 
anhidi-osis.  It  is  well  known  that  patients  who  have  fomjerhrl 
sweating  feet,  losing  this  excessive  secretion  at  the  l*eginnin^*rfl 
are  apt  to  regard  this  loss  as  a  cause  of  the  disease,  Anhidrosis  M 
hyperhidrDsiw)  of  the  lower  half  of  the  body,  of  one  leg,  of  one  I 
or  of  one-Iialf  of  the  face  is  also  met  with. 

Finally  ajft'cthns  of  the  naila  should  be   mentioned.    The  i 
especially  those  of  the  great  toes,  are  sometimes  peculiarly  i 
ened,  uneven,  and  discolored.     In  some  case>s  they  fall  off,  and  i 
]>rocess  is  sometimes  preceded  by  violent  paii^,  and  there  may  \»f 
peated  hemorrhages  under  the  nails.     This  symptom  also  cxx^o 
occurs  in  connection  with  perforating  ulcers  and  with  abDphiea. 

Mitsnfhr  afrophf  in  tal^es  appeal's  in  various  forms*     Therpi 
t)e  au  isolated  affection  of  individual  muscles,  whicli  dlsapiiear&arli 
conies  stationary,  or,  as  in  the  so-called  neurotic  atrophy,  many  i 
cles  may  be  affected  with  atrophy  simultaneously.     The  atroph?  | 
erally  hegitis  insidiously.     The  extremities  are  first  attacked,  audi 
exceptioually  does  the  proceaa  begin  elsewhere  than  in  the  haodii 
feet.    In  nineteen  eases  reported  bj  Dejerine  the  feet  were  fiist  ibt 
nine  times,  the  hands  seven  times,  the  shoulder  muscles  and  thei 
ors  of  the  forearm  only  onc«  each.     If  the  atrophy  attacks  the  kgiii 
small  foot  muscles  fii*st  become  atrophied  and  the  foot  soon  1 
strangely  distorted.     The  interosseus  spaces  are  sunken,  thefailbi 
the  toes  lose  their  roundness,  the  terminal  phalanges  are  beiil  I 
wanls,  and  the  other  phalanges  are  flexed  towards  the  plantar  i 
face,  but  tho  great  toe  is  generally  flexed  in  both  joints.     If  the  | 
attempts  to  raise  the  foot,  a  true  "        7  foot"   results.     Son 
the  muscles  and  ligaments  shri  fix  the  foot  in  an  ab 

position.     At  a  later  time  the  J  the  lacr  mm  sthtn  imn 
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tie  peroneal  giotip  esjieeially,  the  tibialiH  aoticas  being  occaaionaily 
tpared  for  some  time.  Then  a  pes  equinovarus  results  and  the 
*claw"  position  of  the  toes  changes  to  one  of  complete  flexion, 
inall^'  the  foot  becomeB  fixed  bv  the  shrinking  of  the  calf  muscles 
and  of  the  peroneus  longus  (clubfoot  of  the  tabetic).  In  the  hands 
the  thenar  eminence  is  fir«t  attacked,  then  follow  the  other  small  hand 
muscles  and  occasionally  also  the  muscles  of  the  forearm.  The 
atrophy  is  not  as  a  rule  to  be  tliHtinctly  recognized  above  the  knee 
and  elbow,  but,  as  post-mortem  investigation  shows,  the  muscles  of 
the  thigh  and  ai*m  do  not  always  escape  entirely.  The  atrophy  is  al- 
most always  approximately  symmetrical.  Fibrillary  twitch ings  are 
said  not  to  occur.  The  response  to  both  mechanical  aud  electrical 
stimuli  is  ditnimshed,  and  sometimes  it  is  possible  to  detect  the  re* 
action  of  degeoeratiou.  Progressive  talietic  muscular  atrophy  is  a  rare 
affection,  and  occurs  almost  solely  in  the  later  3' ears  of  the  disease. 
Aut-opsy  shows  degeneration  of  the  muscles  and  of  the  muscular  and 
cutaneous  nerves.  The  degeneration  is  also  pres^ent  in  the  mixed 
nerves,  but  decreases  as  they  tiscend,  the  anterior  roots,  as  a  rule, 
not  being  materially  altered,  and  the  anterior  cornua  being  quite 
normal. 

lu  the  atrojjhy  which  is  coufiued  to  single  groujis  f)f  muscles  (aside 
from  the  muscles  innervated  by  cranial  nerves  widch  have  already 
been  considered)  the  muscles  affected  are  some  of  tlie  small  hand 
muscles,  or  the  jieroneal  muscles,  occasionally  the  deltoid  of  one  side, 
etc.  Such  circumscribed  atrojihy  may  occur  in  incipient  tabes  and 
not  rarely  it  may  terminate  in  recovery. 

Fiually  those  usually  transitory  [idfohjHvf^  slum  hi  he  mentioned 
which  are  called  nene  paralyses  l>ecausc  the  reKi*>u  of  a  definite  nerve 
is  attacked,  renvneal  ami  radial  paralyses  are  especially  to  be  con- 
sidered. In  the  latter  the  comniun  cause,  i.e.,  {iressure  nu  the  ner\'e 
during  sleep,  can  often  be  made  out  but  not  invariably.  In  one  case, 
for  example,  the  paralysis  occurred  while  the  patient  was  turning 
aver  the  leav^  of  a  book.  In  some  cases  pressure  appears  to  have 
been  one  of  the  causes,  but  such  slight  pressure  that  it  could  not  have 
caused  paralysis  in  a  healthy  individual.  Dcjerine  believes  that  the 
tabetic  radial  paralyses  are  characterized  by  a  special  electrical  re- 
*'in,  viz.,  that  the  nerve  has  lost  its  excitability  not  simply  above 
lint  of  pressure,  as  is  usuall}^  the  case,  but  throughout  its  ex- 
lile  the  faradic  excitability  of  the  muscles  is  prcscr^t^l.  I 
een  able  to  confirm  these  statements,  finding  merely  dim- 
'citability. 

"ansient  tabetic  paralyses  we  must  suppose  that 
;em  is  injuriously  affected  in  tal>es  so  that  rela- 
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tively  slight  injuries  may  produce  tliaturbance  of  fmw 

destruction. 

Many  phenomena  point  to  the  existence  of  slight  disturbanptt 
the  motor  portions  of  the  nervous  system  also,  which  have  as  yet 
Imen  mentioned.  As,  for  example,  the  sudden  giving  way  of  the  legs; 
the  patient"^  feel  suddenly  that  their  strength  is  leaving  them,  anl 
are  obliged  to  lay  hold  of  something  for  a  support  or  to  (all  duiiL 
A  part  of  the  great  weariness  and  objectively  demonstrable  mtiacttUr 
weakneBB  of  the  tabetic  is  ceiiainly  not  to  be  explained  by  the  mt^ 
thesia  alone.  Attacks  of  fatigue  have  been  described,  in  which  tk 
patients  feel  an  exhaustion  as  if  after  mountain  climbing  or  other 
duous  exertion. 

Old  tabes  patients,  even  when  no  true  paralysis  and  no  mnacalir' 
atrophy  are  i>resent,  oft^n  feel  so  weak  that  they  can  hardly  mem 
their  limbs.  In  such  cases  the  autopsy  reveals^  as  a  rule,  a  d&^toet- 
ation  of  the  lateral  tnicts,  the  formerly  slight  and  not  demoi 
aflfection  of  the  mot(u*  paths  having  led  linally  to  visihle  decay. 

The  foregoing  description  of  the  signs  of  tabes  is  reasonablj 
plete.  But  one  group  of  disturbances  upon  whitdi  much  stodr 
been  expended  has  not  yet  been  mentioned,  I  refer  todiseaseflof 
fw(trt  in  tabes,  ctises  with  cardiac  lesions  being  found  with  reJ 
frequency  in  that  disease.  According  to  recent  statistics  (NordmaM' 
1  out  of  11  tabes  patients  has  disease  of  the  heart,  but  at*corditig>> 
Leimbach  there  were  only  7  patients  with  heart  diaeaae  ii 
t*ases  of  tabes.  Of  130  cases  of  heart  disease  in  tal>ei*  there 
51  with  aortic  lesicms  (38  iusufficiency,  7  stenosis^  fj  insufficiency 
stenosis),  4  with  aneurysms,  10  with  aortic  and  mitral  lesions, ami S 
with  mitral  lesions  alone.  In  the  remaining  crises  the  affectian 
pears  to  have  been  chiefly  myocarditis.  Symptoms  due  to  or 
gesting  angina  pectoris  were  mentioned  in  23  cases.  On  closer 
amination  it  appears  that  the  mitral  lesions  in  tal^es  have  the 
causes  iis  in  other  afl'ections  (chietly  polyarthritis).  Although  tlw 
has  been  no  lack  of  more  or  less  ingenious  argument  to  provie  thAttb 
diseases  of  tlie  aorta  and  of  its  valves  are  due  to  tabes,  or  even  iM 
the  latter  depends  nprm  the  former,  it  is  liighly  probable  that  tlie 
two  morbid  conditions  are  coordinate;  in  other  w^ords.  that  theaoite 
lesions  as  well  as  the  tabes  are  metasyphilis,  and  that  ther  «>^ 
sequently  represent  a  complication  of  tabes  like  the  contracted  kidMJ-, 
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first  or  the  pre-ataxic  stage,  the  a 
The  duratif)!!  of  tlie  first  stag^ 


ided  into  three  stages; 
^,  and  the  pampl^iis  fii 
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f  jrears  or  more;  indeed  many  tal)es  pfttients  die  before  tiiey  pass  be- 
yond it.     We  mihy  say  either  that  the  diinition  of  the  first  stage  is 
Imilimited  or  that  there  are  incnmpletej  abortive  forms  of  tabes.     I 
[contiider   the  hitter  statement  the   more  correct,  but  it  is  always 
[possible  to  say  that  if  the  patient  had  lived  longer,  the  tabes  would 
lliare   become   more  fully  developed.     This  objection  is  admissible 
leven  if  the  disease  h?is  been  at  a  standstill  for  a  long  time,  for  even 
[fhen   it  may,  so  to  speak,  l>ecorae  revivified  and  advance  progres- 
Bively.     The  mfjst  simple  form  of  the  fii>it  stage  is  that  in  which  the 
[patient  has  pains  from  time  to  time — "his  old  rheumatism" — and 
rothenvise  regards  himself  as  healthy.     The  physician  generally  finds 
reflex  iridoplegia  and  absence  of  the  knee  phenf  imenon.     Sooner  or 
later  slight  vesical  disturbances  apjiear.     In  other  cases  a  i>aralysis 
of  the  ocular  muscles  occurs  from  time  to  time.     The  patients  are 
I  generally  constipated  and  their  sexual  powers  are  slight. 

To  this  simiile  relatively  benign  tabes  can  be  contrasted  the  more 
[or  less  malignant  form  in  which  from  the  tirst,  or  at  least  during  the 
[first  stage,  the  rarer  symptoms  appear  in  larger  or  smaller  groups, 
[Bucb  as  miUtiple  affections  of  the  cerebral  nerves,  laryngeal  symj}- 
rtoniB,  gastric  crises,  artlirnj>athies,  and  fractures.  All  these  symp- 
.  and  others  may  be  present  in  the  first  years,  and  each  of  them 
of  bad  omen.  Tabes  with  atrophy  of  the  optic  nerve  may  be  re- 
[garded  as  a  form  of  subordinate  importauce.  The  j)atients  are 
|«everely  afflicted  by  their  blindness,  but  in  other  respects  do  not 
Fer  greatly. 

A  simple  tabes  may  become  malignant  if  the  ]>ains  become  fre- 
[quent  and  severe,  or  if  the  vesical  disturlmnccH  increase  rapidly. 

The  second  stage,  that  of  ataxia,  is  generally  introduced  by  Rom- 
Iterg^s  symptom.  The  patients  become  Honiewhat  uncertain  in  the 
[dark,  it  is  more  difficult  for  tiiem  to  descend  i^Kuly  lighted  stairs. 
[The  anaestliesia  upon  which  these  ]>henomena  dejjend  may  remain 
f  unchanged  for  a  considerable  time,  but  it  dt»es  finally  increase^  rapidly 
or  slowly,  and  then  ti*ue  ataxia  maken  its  appearance.  As  has  already 
[been  mentioned,  the  rarer  acute  or  suViaciite  ataxia  of  tabes  is  to  be 
[ diatingiiished  from  the  common  slowly  increasing  i^taxia. 

Of  the  patients  who  reach  the  second  stage,  a  considerable  num- 

""'b  before  entering  the  third  stage  from  an  accidental  com plica- 

om  a  metasyr»hilitic  disease  coordinate  with  the  tidjen,  such 

cardiac  disease,  from    general  i>aralysis    superadded  to 

vdlv  from  a  pyelonejihritis  resulting  from  paralysis 

the  patient  continues   to  live,   the  ataxic  stage 

years.     The  cases  in  which  the  patients  are 

3ar*8  duration  of  this  stage  are  rather  rare. 


Often,  not  always,  th 
entirely.  In  other  respects  the  eondition  beeumes  increasing 
complicated,  since,  on  the  one  hand,  the  syniptomg  already 
develop  more  folly,  and,  ou  the  other,  new  ones  make  their  Appeir*^ 
ance  in  greater  or  smaller  numbers*  The  antestheBia  diffeiB  gnntij 
in  diilerent  cases.  Sometimes  ana^sthesiu  of  the  skin  is  almoBt  com* 
pletely  absent  and  that  of  the  deeper  parts  is  appareuUy  al]|$lil  ia 
spite  of  marked  ataxia.  In  other  cases  the  aua^theaia  is  caoBpiie^ 
oufl,  of  witle  extent,  and  alKHinding  in  individual  variations.  Moit 
clinical  invr^stigations  of  anfesthesia  have  bt*en  ma^ila  U])oti  snch  pa- 
tients and  moHt  of  the  forms  of  anaesthesia  have  been  studied  in  tliair 
oases*  In  the  ataxic  stage  the  formerly  transient  parsljrew  cif  Hm 
ocular  moBcles  often  become  permjuient*  The  gastric  aod  otbir 
crises  may  now  cease,  but  they  are  often  found  in  couneelian  witi 
the  ataxia.  New  symptoms  of  various  kinds  may  be  added  at  aaj 
time  to  those  alre^uly  prc^seut*  The  multiplicity  of  the  oombiuatjooi 
is  so  great  that  no  description  can  be  ailequate* 

If  we  speak  of  the  third  as  the  |mraplegic  stage,  we  do  aoliBtti 
that  true  paraplegia  is  always  present  in  it,  although  tJiis  doM  lb* 
fluently  occur.     It  may  lie  early  and  transient,  ushering  iD  perluqsftt 
subacute  ataxia,  or  it  may  develop  slowly  at  a  late  |)eriod  as  a  penriri^ 
ent  sym[jtom  corresi»onding  to  a  degeneration  of  the  latofal  tndkd 
the  spinal  ct>rd.     But  generally  in  tabes  there  is  ue^er  true  patmislVL 
The  patients  are  confined  to  their  Wds  only  by  ataxia  and  wmkoim 
and  this  stage  might  therefore   be   called  more  correctly  tba  had* 
ridilen  stage.     In  many  patients  a  reticular  affections^  fractuifa  wMA 
have  resulted  in  pseudoarthr«»sis  and  muscular  atrophy  are  addllkflll 
causes  of  the  inaljility  to  nuivw  aWuL     Death  is  pnxluced  somettQii 
by  infection  of  the  urinary  passages,  sometimes  by  decubitus,  wUA 
is  to  be  exi>lained  in  part  by  depressed  nutrition  of  the  tiflnMi  ii 
general,  in  i>art  by  tlie  action  of  decomposed  secretions  upoolbiB' 
sensitive  skin,  sometimes  by  the  development  of  paralysis^  and  Mi^ 
times  by  the  comi>lications  already  mentioned*     The  tliin)  sti0l^ 
shorter  than  the  second,  and  seldom  lasts  more  than  a  few  yisis. 

On  the  whole,  then,  the  course  of  tabes  is  a  slow  change  fortiM 
worse,  and  it  deserves  therefore  the  adjective  progreasiTH.  In  tk*  ^ 
dividual  cases,  however^  we  find  that  at  any  time  (exceptiDg  perhspi* 
the  third  stage)  the  progress  of  the  disease  may  be  checkeil  for  ii  k«ft 
occasionally  we  might  say  an  unlimited  period,  and  not  only  that,  W 
tliere  are  ameliorations  which  may  l>e  very  marked*  Sueh  awali**" 
tions,  which  are  in  part  very  difficult  to  understand,  have  gicrt  pff^ 
tieal  imiK]irtance.  In  rare  ca^^es  all  the  subjective  symptoms  *»■*■ 
to  Uave  disappeared,  although  the  autojjQy  showed 
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I  betio  clianges.     Bather  frequently  the  BymptomB  disappear^  for  a 
1  time  at  least,  to  such  an  extent  that  the  patients  who  are  as  a  rule  very 

Ihopef ul  think  they  are  cui^ed,  and  regard  theraHelves  as  well  for  one  or 

\two  3'eai's  or  eTBu  a  longer  period. 

DiAGNOBIS. 

The  diagnosis  of  tabes  is,  as  a  mle,  very  easy.     The  mistakes 
rbich  are  often  made  eveu  to-day  are  due,  not  so  much  to  the  diffi- 
culties of  the  problem  as  to  careless  and  hasty  examination.     It  is 
mly  necessary  to  know  what  the  signs  of  tal>e8  are,  and  when  one  of 
lese  signs  is  present  to  examine  with  reference  to  this  disease.     If 
physician  has  tabes  in  mind,  and  if  he  makes  his  examination 
amatically  in  order  to  discover  the  chief  signs,  he  will  seldom  fail 
reeoguize  the  disease.     If,  for  example,  a  patient  with  bladder 
[disturbances,  or  one  with  pain  in  the  stomach,  or  one  with  spasmodic 
BOUgh  pre.'wnts  himself,  and  no  tangible  changes  in  the  organs  in 
inestion  can  be  detected,  one  should  bear  in  mind  the  possibility  of 
le  existence  of  tabes.     He  who  does  not  think  of  talws  fii-st  of  all  in 
,  case  of  ocular  paralysis,  or  of  arthropathy  of  the  tabetic  kind,  or  of 
[mal  perforant,  or  of  bilateral  parses thesiie  in  the  regions  supplied  by 
[the  ulnar  nerve,  or  of  darting  pains  in  the  legs,  is  simply  ignorant. 

If  any  sign  is  present  which  may  belong  to  tal>es,  the  pupils  are 
Jto  be  examined  first  of  all.  If  reflex  iridoplegia  is  found  the  question 
IJB  practically  decided.  If  we  exclude  the  exceedingly  rare  lesions 
I  (especially  tumors)  in  the  Weinity  of  the  corpora  quadrigemina, 
lex  iridoplegia  is  a  symptom  which  by  itself  suffices  for  the  diag- 
of  tabes.  From  a  practical  standpoint  retlex  iridoplegia  is 
ivalent  to  tal>e8. 

Secondly  the  knee  phenomenon  is  to  be  investigated.     It  is  absent 

tabes,  as  a  rule,  but  may  be  present  and  even  temporarily  exag- 

It  may  be  absent  in  other  diseases,  such  as  neuritis,  mye- 

itis  of  the  lumbar  cord,  syringomyelia,  cerebellar  tumoi-s,  etc,     Con- 

[ftequently  the  condition  of  the  knee  phenomenon  is  far  lens  imporhmt 

[ilian  that  of  the  pupils,  and  its  absence  can  justify  the  diagnosis  of 

[tabes  only  when  it  occurs  in  combination  with  other  symptoms. 

In  the  third  place  are  the  lancinating   pains.      They  are  very 

j-acteristic.     As  they  occur  in  tabes  they  are  rarely  found  else- 

>re,  really  only  in  some  forms  of  multiple  neuritis.     Of  course 

y  pain  in  the  legs  is  not  to  be  considered;  those  which  are  diag- 

!  are  the  darting  pains  which  appear  now  here,  now  there,  are 

chiefly  in  the  muscles,  return  in  paroxysms,  and  are  associated 

irsensitiveness  of  the  skin. 

disturbances  are  fourth  in  importance.     If  the  knee 


fwomtabm^  no 
nemiliA*    Vot  it 
lirotmUy  be  cichidiA 
mIkjoM  tje  exaamied  ii 
<jf  ilie  iiupiln  win  fas 

tveeo  taJiBfi  aad  diahwlf 
cane;  it  in  iiii|io«riUB  ici 

liefles   irifloplei^ia, 
aljPMfur^  r>f  the  fiaiellar 
are  waiititj^^,  cmly  a  prrjbdfafe 
nigtut  may  preeede  theee. 
fijiiic  iHfrv**,  paralysis  ol  tfe 
K^nm>ry  diHtarbaooeSt  fngiliij  <aff 
HytfiijioniM, 

Atrr»phy  of  tb©  Optic 
liiq^ilfa  whirl  I  Ijegins  in  its 


thinning  nf  the  vessds  but  do* 
patlifigiiornoiiic,  and  even  if  it 

all!*', 

'r\n<  fijjijonty  r>f  all  oealar  pai^yaes  aam  tdhetir.     If 
fiural  VHiH  of  Hij  f^Milar  mxmcle  appestB  im  m  ^aa  vkii  kas  kad  i 
Hoiiit' v^rarH  prHviimHly,  tabes  is  more  pgAtUitAMM  mmj ctbiBt  t 
Paral.vHf'S  r>f  the  eye  in  utiles  from  teftiuj  sjpkifia  are  admoiil 
WHVH  a4'rrurj|iiiijj^'d  by   violent  yiams.     TVse  «£ 
'  the  oUm^i'  h;Lrt<],  Jire  painlesH  and  ^eii€fndly  ftmatieBiL     On  i 
tlie  hitter  f;i<4   they  Hpjiear  to  yield  to  antisTpliililie 
Uiiitiy    lAtyHtvmnH  for  timt  reaiHiu   plaoe  tlieiB  mjMMoaai^  the  syp 
[i^iiiilvKeH  nf  tire  eye  iiiUHcleH.     K8{>ecially  ^tuacfanstic  erf  tabtt I 
tfir^  |i;ini.lyHi'H  wliieh  eorreHpoud  to  a  slight  d^eneTBtioii  of  t^d  i 
iMirleiir  n'^inii,  iiainely,  bilateral  alMdacens  paresis  and 
of  111  I  ijiotiujiH   of  tijt-  f'Vf*,  wliidi  reTeals  itself   by  nra 
twitehin^s  in   Hn?  extreme   |»o8ition8  of  the  eye.     Ophtl 
inteiriji,  ttr  iHiilideil  ]nHH  of  aeerjinmodation  io  persons  liable  to  i 
jnakert  thi^  diaj^niuHiH  Xi'^^ry  probable. 

In  iHol;it<Ml  L'lryn^^ejil  paralynes  local  causes*  espei '  " 
n]Hm  the  n^t'iincnt  nerve,  are  of  course  to  be  exclmlt 
dune  h)m]   iF  Hieni  ik  noifiiug  to  exclude  tabea,  this  d 
[irst  tlinn^^ht  of, 

(rastrie  cTinrH  o<'(*ur  alinuMt  exchiBively  in  tabes. 
seen  n  etiJini(*leiiHli<'  nttaek,  there  is  no  longer  any 
fouudini^  tliH  gastfit'  eriHia  with  a  colic  from  gall-stoi 
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ip  of  the  fttomaoli  or  nnythini^  else.     Aside  from  tiib^B,  gaBtrie 
.  Of  ear  ouly  in  t]ii»se  extreniBly  nire  ca«eH  iu  wbit'h  they  are  the 
malady,  occurring  from  early  youth;  the  reiation  of  Huch  can  en 
>  tabes  is  as  yet  by  uo  meaus  clear.     There  are,  it  in  tine,  gastric 
ris€«  which  present  notliiug  characteristic,  incomplete  attacks,  from 
rliich  alone  the  diagnosis  cannot  be  made. 

Ataxia  very  rarely  occurs  as  the  first  symptom.  I  recall  but  one 
in  which,  besides  incipient  atrophy  of  the  otitic  nerve,  the  ataxia, 
rith  the  disturbances  of  sensibility  upoD  whieli  it  depends,  was  the 
st  symptom  without  reflex  irid*jplegia,  without  loss  of  the  knee 
pbenomenon,  and  without  j>aius  and  bladder  disturbances.  In  such 
&H  the  diagnosis  is  of  course  uncertain. 

The  licme  affections  are  also  (juite  characteristic.  Fragility  of  the 
lx>nes  may  manifest  itself  at  a  very  early  period,  and  may  pre  pliably 
be  the  fii'st  symptom.  In  ever\^  fractitre  without  suflicient  external 
cause  tiil>es  shcmld  be  thought  of.  The  arthropathies  too  may  lead 
to  a  diagnosis  without  the  necessity  of  other  signs.  If  a  huge  joint 
swelling,  accompanied  by  the  crackiugs  of  the  joint,  develo]ss  suddenly 
without  cause,  tabes  should  be  the  flrst  thought.  Only  he  who  lias 
no  individual  exj)erience,  who  ]>erha]>s  is  familiar  only  with  ana* 
tomical  dissections,  can  deny  the  Sfti  tjent^ris  character  of  tabetic 
articular  affections.  The  same  is  true  of  the  tabetic  shedding  of  the 
teeth,  of  ]>erfo rating  ulcer,  and  of  many  other  s^nipttjms. 

It  is  luirdly  i>ossible,  if  any  care  is  taken,  to  fail  to  recognize  well- 
Bveloped  tabes.     But  it  njay  l>e  difficult  to  decide  whether  talies 
lone  or  some  other  afferti*^  also  is  present,  or  whether  besides  some 
aer  affection  tabes  nuiy  not  also  exist.     The  distinctirm  l)etween 
>  and  progressive  i»araly,sis  is  tirst  to  be  considered.     As  I  have 
already  explained,  1  am  of  the  opinion  tliat  there  is  really  liut  tmo 
talvcH  paralysis,  but  that  tlie  disease  s<>metimes  es[)ecially  affects  the 
brain  (progregsive  paialysis,  or  tabes  of  the  brain),  stuuetimes  the 
peripheral  and  spinal  patlis   (taln-s,  or  i>rogressive  paralysis  of  the 
spinal  ctu'd),  sometimes  both  at  tnice  (talw^s  jiaralysis  .sr/z.sv/ ,s7/r/n/<7). 
In  practice,  however,  it  is  very  eseiitial  U>  be  able  U*  distinguish  the 
two  forms,   which  in  esseuce  are  closely  related  I>ut  clinically  are 
different.     If  jjrogressive  fiaralysis  undoubtedly  exists,  it  is  practi- 
"     of  slight  importiince  to  decide  whether  true  tabetic  symptoms  are 
present.     On  the  other  hand,  it  may  l)0  very  important  to  decide 
1  early  periotl  whether  imralytie  symptoms  are  preseuting  them- 
es together  with  those  of  talies, 
I  the  beginning  it  is  frecpiently  not  possible  hr  decide  what  the 
*T  course  will  be.     If,  for  example,  a  imtient  has  only  alMlncens 
is  aud  retlex  iridoplegia,  new  symptoms  which  appear  later 
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may  be  either  paralytic  or  tabetic  in  character.  lo  such  i 
slightest  signs  of  paraljsis,  for  example  quiveriiiK  <>f  the  tongue 4 
twitching  at  the  comers  of  the  mouth,  are  of  great  importance, 
eyeu  if  stieh  symptoms  are  found,  it  is  well  not  to  express  too  positi 
an  opinioii  to  the  patient's  friends.  For  there  are  cases  of  tabes  1 
ao  to  s}>eak,  abortive  paralysis,  that  is,  the  tabes  may  continue  k»  ^ 
velop  as  usual,  while  the  paralysis  does  not  increase  beyond  the  fiist 
symptoms,  or  at  least  is  of  extremely  slow  growth.  In  the  comse  of 
an  midijubteil  tabes  paralytic  symptoms  may  also  appear,  Imt  i» 
well-marked  progressive  paralysis  results.  Thim  there  occur  in  tt 
tabetic  apoplectiform  or  epileptiform  attacks,  which  are  iohttb- 
garded  as  of  the  nature  of  paralysis,  or  a  slight  mental  weaknmiiK 
pears  which  does  not  increase,  or  trembling  of  the  hands 
itself.  If  in  incipient  paralysis  tabetic  8ymj>toms  (absence  of  1 
knee  phenomenon,  vesical  disturbances,  lancinatiBg  pains,  etc.  )i 
found,  their  presence  has  a  prognostic  importance,  inasmuch 
genenil,  paralysis  with  tabetic  symptom  runs  a  slower  couiwl 
the  form  without  such  symptoms,  in  which  latter  symptoms  <rf  »- 
plication  of  the  lateral  tracts  generally  appear,  such  as  increiaf 
the  reflexes  and  spasms,  Eeflex  iridoplegia  may  occur  in  both  I 
of  progressive  paralysis. 

Tal>es  may  be  found  in  connection  with  tertiary  syphilis  audi 
possiljle  that  in  the  presence  of  the  signs  of  lues  cerebroepiD 
those  of  tabes  may  be  overlooked  and  vice  va^sa.     For  example,  tk 
syniptoms   of   meningomyelitis  dorsalis  and  also   reflex  iridop 
might  be  present;  or,  together  with  tabes,  a  multiple  cr 
paralysis  depending  upon  exudative  meningitis  at  the  base  of  1 
brain  might  develop.     If  some  symptoms  in  the  tabetic  appear  fa' 
point  to  tertiary  syiihilis  of  the  nervous  system,  antisyphilitic 
ment  is  of  course  indicated.     If  in  lues  cerebrospinalis  some  1 
of  tabes  are  found,  the  hopes  based  upon  the  antisyphilitic 
disappear. 

Tabes  occurs  in  connection  with  exophthalmic  goitre.     Fullj<^ 
veloped  Basedow's  disease  is  rare  with  tabes,  more  frequently  I 
are  some  signs  of  that  disease,  for  example,  slight  goitre, 
Ijulse,    and  some    exophthalmus.     Perhaps  the   tachycardia  wh 
mnne  count  among  the  symptoms  of  tabes  is  to  be  regarded  rutheri 
a  sign  of  exophthalmic  goitre.     The  tabes  patients  may  haveaoc 
so  to  say  idiopathic  goitre,  or  in  other  cases  the  connection  nwy ' 
that  a  chronic  syivhilitic  thyroiditis  is  the  cause  of  this  symptoiiu 

Much  has  been  written  as  to  the  connection  of  tabe^  with  hj 
Since  both  diseases  are  common  it  is  not  strange  that  the?  i 
sometimes  occur  together.     Either  there  is  no  cau"^ 
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tween  them,  a  hysterical  indiTidual  becoming  syphilitic  and  in  con- 
sequence of  that  tabetic,  or  the  tabes  may  be  the  exciting  cause,  the 
tabetic  symptoma,  egpecially  the  paios,  awakening  the  slumbering 
tendency  to  hysteria*  Serious  diagnostic  difficulties  c^n  hardly 
arise  from  the  union  of  tabetic  and  hysterical  symptoms.  We  may 
indeed  doubt  whether  this  or  that  pain,  parBBsthesia,  or  aueeBthesia,  is 
io  be  referred  to  tabes  or  to  hysteria;  hysteria  may  caricature  ataxia, 
Jbut  this  obscures*  the  diagnosis  in  respect  to  conditionB  of  subsidiary 
|K>rtanee  only.  It  is  moet  [>robable  thatsli^htl^'  marked  hysteria, 
existing  side  by  side  with  tabes,  will  be  overlooked  and  some  thera- 
peutic triuinphfl  niay  depend  upon  such  an  error.  Only  the  ignorant 
can  confouad  tal>es  with  hysteria.  An  hysterical  individual  brought 
into  contact  mth  the  ta  luetic  in  the  hospital  or  elsewhere  might  be- 
come familiar  with  their  pains  and  diHturbances  of  sensibility  and 
motility  and  instinctively  imitate  them,  but  even  then  the  chief 
ymptoms  of  tabes  are  w^anting — the  reflex  iridoplegia,  the  loas  of  the 
}mee  phenomenon,  in  short  all  the  symptoms  which  are  not  pro- 
ducible by  suggestion.  On  the  other  baud,  other  aigiis  of  hysteria 
■wiU  certainly  be  present  which  wdll  guide  the  examiner  in  the  right 
iray.  It  is  scarcely  conceivable  thut  a  tabetic  should  be  regarded  as 
limply  hysterical,  for  a  single  rtbjective  tabes  symptom  suffices  to 
©etablish  the  diagnoeis  of  taiies  and  exclude  that  of  hysteria. 

The  danger  is  as  slight  of  confounding  tabes  and  hypochondria. 
Prom  time  to  time  young  physicians  and  other  persons,  the  sins  of 
irhoBe  youth  cause  them  anxiety,  come  for  advice  l>elieving  that  they 
liave  incipient  tal>es.  The  aVjsence  of  all  oljjective  signs  generally 
tenders  the  decision  easy,  altliough  in  such  cases  one  cannot  alivays 
make  comforting  assurances  with  rcMi>ect  to  the  future.  It  is  nnfortu- 
itely  no  rarity  that  a  genuine  tabetic  is  regarded  as  a  hyi*ocliondriac* 
IhiB  happens  only  when  the  physician  is  ignorant  c*r  examines  im- 
properly. If  nothing  is  found,  but  if  the  pains  as  described  are  those 
f>f  tabes  and  if  8yi>hilis  has  preceded,  the  decision  of  the  question 
piust  lie  simply  i>08tponed.  To  the  expert  the  way  in  which  the  pa- 
tients complain  of  their  tal>etic  symptoms  appcarR  so  different  from 
the  w^ay  of  hysteria  and  hypochondriasis  that  generall\'  he  has  no 
doubt  from  the  first. 

Tnder  the  unsuitable  name  *'  pseudotabes''    a  number  of  quite 

rent  conditions  has  l3een  comiirehended,  and  fii'st,  various  forms 

uritis.     Of  these  only  the  alcoholic  neuritis  may  give  rise  oc- 

tally  to  difficulty  of  diagnosis.     If  retlex  iridoplegia  is  alisent,  no 

e  opinion  may  be  possible  for  a  time.     Of  course  tabes  and  al- 

ueuritis  may  occur  together,     A  recent  talietic,  for  example, 

x  Iridoplegia  and  lightning  pains  may  develop  alcoholic 
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pjiriGsthesim  and  paraly8e«.  It  is  iieoeasur v  then  to  pmcaed  eanHn 
ami  to  separata  tlie  etiological  faetom.  The  diatiuetiou  between  1 
auil  (liatetas  lias  already  been  mentioued.  Really  doubtful 
ihiH  kind  are  very  rare.  Tliename  " pseudotabes  hysterica"  is  qoili 
absurd.  And  the  designation  "pseudotabes  syi^hilitiea"  is  sim\o 
be  rejeeted,  for  in  the  cases  in  which  it  hiis  been  employed  the  ctjodi- 
tion  has  been  not  a  new  disease,  but  rather  tabes  with  meningitis 
sypliilitiea,  tliat  is,  a  complicatioD  in  which  analysis  not  syntlxeiiii 
in  place. 

Diphtheritic  iiaralysis  laay  occasionally  sugge-st  tal^es,  esi>« 
if,  exceptionally,  a^lults  are  attacked  and  if  the  fact  that  diphtl 
hjis  preceded  is  not  known.     The  patient  maj,  for  example, 
weakness  of  the  legs  with  parmsthesije  and  loss  of  the  knee  ph 
nnn,  or  in  the  severer  forms  paralysis  of  the  eye  muscles, ; 
aud  ataxia  may  be  present  in  addition.     But  reflex  iridoplegi&,  \ 
characteristic  taljes  i^ains,  and  the  bladder  disturbances  are  i 
paralysis  of  the  jialate  has  generally  preceded,  aud  finally  thee 
of  the  disease  makes  the  tliagnosis  clear. 

In  all  cases  in  which  the  diagnosis  is  que.*itiouable,  we  mnst  ii- 
quire  whether  the  patient  has  had  syphilis.     In  children  and  i«y 
young  and  very  old  persons  tabes  is  possible,  btit  extremely  noBiad 
therefore  improbable.     In  women  it  is  more  improbable  than  ini 
Conditions  which  do  not  favor  the  existence  of  sy  i>bilis  {e.g,^  \u 
likewise  do  not  favor  tal>es.     On  the  other  hand  in  men  of  i 
age,  especially  in  those  whose  pofiition  and  mode  of  life  is  snekl 
a  suspicion  of  former  excesses  seems  jiistifietl,  we  sliould  think  rf 
tabes  from  tli©  fii-st.     Such  patients  should  be  examined  for  til«l 
even  if  otiier  diseases  are  present;  and,  on  the  other  hand,  tlw©- 
aminatiou  of  the  heart,  the  urine,  etc.,  must  never  }ye  negledwJii 
tfibes,  since  in  connection  with  it  atheromatosis,  cardiac  lesioii^  rtjii- 
tracted  kidney,  and  diabetes  frequently  occur. 


Prognosis. 


It  is  sufficiently  well  known  that  taben  is  not  em-able  and  tWito 
course  varies  greatly  in  its  nature  and  its  duration.  The  qawtioe  J 
prognonis  tlieu  ^jresents  itself  as  follows:  Can  we  predict  inagii* 
case  what  course  the  disease  will  take?  Unfortunately  we  cannot  tfi 
this  HH  a  rale,  yet  there  are  some  hints  which  may  l^e  of  service,  b 
genMvd,  the  more  slowly  tal>es  begins  the  more  benign  it  is.  " 
moderately  severe  pains  aud  slight  disturbances  of  the  bladder  li*J 
existed  for  years,  there  is  a  certain  probal>ility  tliat  the  tabes  wiD< 
tinue  to  be  l^euign.     On  the  other  hand,  a  more  or  T 
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ning  is  of  evil  significance.  Early  developing  and  rapidly  increasing 
ataxia  is  especiaUy  unfavorable.  Tabes  dolorosa  is  a  bad  form  of  the 
disease  in  which  severe  and  frequent  pains  not  only  bring  the  x)atient 
to  despair,  but  also  diminish  his  bodily  strength  and  power  of  resist- 
ance. A  similarly  bad  form,  and  indeed  one  of  the  worst,  is  the  one 
with  gastric  crises.  In  this  both  pain  and  hunger  assail  the  patient ; 
it  is  necessary  to  feed  him  as  well  as  possible  in  the  intervals  of  the 
attacks,  in  order  that  he  may  not  be  worn  out.  Unfortunately  when 
gastric  crises  are  present,  it  is  not  rare  for  other  crises,  especially 
those  of  the  larynx,  to  develop  and  make  the  prognosis  still  worse. 
Other  symptoms  are  also  of  unfavorable  omen  from  the  outset, 
especially  affections  of  the  osseous  system.  Aside  from  the  fact  that 
a  fracture  or  an  arthropathy  is  in  itself  a  serious  matter  and  causes 
the  patient  much  harm  by  confining  him  to  bed,  such  accidents  fre- 
quently occur  in  succession,  .because  the  disease  of  the  bones  is  more 
or  less  general.  Perhaps  a  good  deal  depends  upon  the  patient's 
constitution  and  mode  of  life,  at  least  it  seems  that  severe  accidents 
of  this  kind  are  more  frecj[uent  in  the  poor  than  in  those  who  are 
better  nourished  and  able  to  spare  themselves.  A  severe  affection  of 
the  bladder  is  naturally  of  a  bad  prognosis.  Sooner  or  later,  with  or 
without  the  aid  of  the  catheter,  infection  of  the  bladder  takes  place, 
and  there  is  the  added  danger  of  pyelitis.  Not  a  few  tabes  patients 
succumb  to  pyelonephritis. 

A  symptom  which  in  itself  is  among  the  worst,  but  in  general 
promises  a  favorable  course  of  the  disease,  is  early  developing  atrophy 
of  the  optic  nerve.  Singularly  enough  the  blind  tabes  patients  as  a 
rule  become  ataxic  at  a  late  stage  or  not  at  all,  and  guffer  pro])ortiou- 
ately  little  in  other  respects.  How  this  fact  is  to  be  explained  is  not 
known,  but  the  fact  itself  is  undoubted.  But  if  optic-nerve  atrophy 
appears  at  a  late  period  when  ataxia  is  already  present,  there  is  then 
no  trace  of  its  apparently  inhibitory  influence. 

The  simultaneous  occurrence  of  gastric  and  laryngeal  crises  has 
already  been  mentioned.  Similarly  affections  of  the  cerebral  nerv^es 
may  be  combined.  To  the  ophthalmoplegia  may  be  added  a  lesion  of 
the  trigeminus,  manifesting  itself  by  pain  alone,  by  i)ain  and  anaes- 
thesia, or  by  the  latter  and  loss  of  the  teeth.  The  same  remarks 
apply  to  lesions  of  the  facial  and  auditory  nerves. 

Of  course  all  paralytic  symptoms,  apoplectiform  or  epileptiform 
attacks,  disturbances  of  speech,  and  psychical  disturbances  are  of  evil 
significance.  It  is  known  that  progressive  paralysis  may  appear 
even  at  a  late  stage  of  tabes.  But  often  very  early  it  sends  forth 
its  forerunners,  such  as  quite  transient  attacks  of  aphasia,  quiv- 
ering of  the  facial  muscles,  attacks  of  ocular  migraine,  etc.    Such 
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symptoms  should  be  carefully  conBidered,  for  they  me^i  tDucL    Sci 
only  does  the  paralysiB  uBually  end  the  jjatieot's  life  at  a  oompo^' 
tively  early  period,  but  even  a  mild  form  of  it  generally  disabks  ^ 
patient  from  pursuing  his  business,  while  in  simple  tabes  lie  en 
work  undisturbed  in  many  kinds  of  occupation. 

Much  of  course  depends  also  upon  the  complications.     Pibfadbf? 
the  majority  of  tabes  patients  do  not  die  of  tabes  but  of  other  dii^ 
eases — contracted  kidney,  apoplexy  from  atheroma  of  the  xeaaAd 
the  brain,  valvular  lesions  or  simple  degeneratiaB  of  the  myc 
etc.     As  the  disease  advances,  the  prognosis  is  more  easily] 
While  at  the  beginning  ©verythiDg  is  poBsiblei  after  some  yewl 
disease  has  generally  in  so  far  revealed  its  character  that  wa  i 
least  determine  whether  it  is  benign  or  malij^ant.     Surprise 
still  a  possibility,  yet  the  iiile  is  that  a  benign  form  conliniies  I0I 
benign. 

The  prognostic  siguifii^nce  of  the  individual  symptoms ; 
from  that  which  has  been  said  here  and  under  tlie  head  of  %y 
tology. 

In  any  case,  the  physician  does  well  not  to  express  hitosBlfl 
pessiiBiHtirally.     The  patient  has  a  right  to  encouragement,  aadi 
physician  may  point  out  the  fact  that  the  disease  may  impw 
remain  stationary,  and  should  bear  in  mind   that  this  may 
occasionally  when  the  prospect  appears  exceedingly  gloomy. 

TitEATMENT. 

The  history  i^  *^®  tre-atment  of  tal^es  is  painful  and  touching^ 
shows  UH,  on  the  one  hand,  how  weak  human  jud^nient  is,  and,  os  I 
other,  how  much  faith  man  possesses*     New  methods  of  treskDcai  1 
constaDth    invented,  and  all  are  of  benefit  so  long  as  theyvei 
hut  aU  in  time  lose  their  virtue  and  are  then  quietly  east  asidft. 
it  c^innot  l^e  denied  that  any  methods  have  attained  positive] 
Of  course  most  of  the  curative  effects,  in  so  far  as  they  are  < 
tiously  reported,  are  in  reality  remissions  which  the  natainl  < 
the  disease  carries  with  it— that  is,  the  periods  of  improvement  1 
aiB  obsen^ed  in  most  tabetic  cases,  even  without  treatment,  duaml 
coincide  ivath  a  course  of  treatment.     Stilly  cases  ar^  reported^'*  ' 
methods  of  treatment  in  which  it  is  difficidt  to  beHeve  iiid 
cases  in  which  after  a  long,  unchanging  course  of  the  diseaad  \ 
tinct  improvement  commences  immediately  after  the  ii 
the  new  treatment.     Since  such  curative  effects  are  attaint 
methods,  the  unreasonable  as  well  as  the  reasonable,  but  oneeij 
tion  remainSi  to  wit,  that  here  as  elsewhere  it  in  not  the  : 
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the  patient's  belief  in  the  remedy  that  benefits.  Indeed,  tabes  is  a 
conspicuous  example  of  the  fact  that  even  affections  which  are  appar- 
ently due  to  organic  lesions  may  be  influenced  by  faith.  More  cor- 
rectly, we  should  say  that  experience  derived  from  tabes  shows  that, 
even  when  organic  lesions  exist,  a  considerable  part  of  the  disturb- 
ances of  function  are  of  a  psychical  nature,  for  no  one  can  intelligently 
assume  that  degenerated  nerve  fibres  can  regenerate  themselves  under 
the  influence  of  faith.  If  the  latter  removes  disturbances  it  must  be 
that  these  disturbances  do  not  dex)end  directly  upon  the  degeneration, 
but  are  accessory  affections  which  the  patient  has  suggested  to  him- 
self, which  anxiety,  fear,  and  despair  have  added  to  the  principal  af- 
fection. 

Prepress  has  api)eared  in  the  course  of  time,  inasmuch  as  the  con- 
viction has  gradually  gained  ground  that  tabes  is  incurable.  We  may 
say  that  to-day  all  well-informed  physicians  are  agreed  that  there  is 
no  cure  for  tabes,  that  all  reports  of  cure  are  mistaken.  Formerly  it 
was  of  every-day  occurrence  that  confident  reports  of  cured  tal)es 
cases  were  published.  One  had  cured  tabes  with  galvanism,  another 
with  faradism,  another  by  means  of  this  spring,  still  another  by  baths 
in  another  spring.  One  had  cured  with  mercury,  another  with  iodine, 
another  with  silver,  another  with  ergot,  by  nerve-stretching,  or  by 
homoeox)athy,  and  so  on.  Such  bold  assertions  are  still  made  indeed, 
but  they  are  no  longer  believed  by  the  well-informed.  The  thera- 
peutists of  to-day,  however  confident  they  may  be,  content  themselves, 
as  a  rule,  witli  speaking  of  improvement  and  are  satisfied  with  even  a 
transitory  improvement. 

I  do  not  assert  that  no  remedies  have  aoy  physical  effect  whatever 
uiK)n  tabes.  That  cannot  be  proved,  and  it  is  possible  that  some  of 
the  drugs  and  methods  now  in  use  exercise  a  favorable  effect  upon  the 
diseased  parts,  so  that  they  resist  the  destructive  influence  for  a 
longer  time,  or  it  is  possible  that  some  drugs  strengthen  the  still  un- 
injured fibres  and  cells  so  that  the  loss  of  function  on  the  part  of  those 
already  diseased  is  less  apparent.  But  one  should  be  very  scei)tical 
with  respect  to  such  conjectures;  for  that  a  remedy  which  has 
seemed  to  be  of  help  in  one  case  should  help  subsequent  cases  also, 
as  might  be  expected,  appears  not  to  follow  at  all.  Rather,  on  the 
contrary,  the  results  are  not  at  all  to  be  predicted.  Of  two  apparently 
identical  cases,  in  the  one  the  curative  effect  appears  undeniable, 
while  in  the  other  no  trace  of  improvement  can  be  detected.  More- 
over, the  individual  symptoms  seem  to  behave  differently.  The  more 
objective  a  symptom  is  the  less  accessible  does  it  appear  to  therapeutic 
measures.  The  degeneration  is  visible  only  at  one  place,  in  the  optic 
nerve;    but  here  only  the  most  enthusiastic  speak  of  the  curative 
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effect  of  tbU  or  that  remedy,  every  oDe  elsei 
meiit  LB  useless.  Beilex  iridoplegia  alwaj 
Other  symptoms,  on  the  coDtrary,  such  as  ai 
ataxia,  vary  in  severity  oot  ooly  during  the  n 
ease,  but  also  during  treatiaent.  The  ataxia  ; 
enoed,  and  that  is  easily  understood,  for  it  is 
aniBsthesia  of  the  joints  and  of  the  deeper  ti 
reaction  diffei-s  with  tlie  individual  and  %vith  1 
the  individual.  As  we  shall  see  sulwet^uently 
kind  uf  iHlucation — a  prot>f  that  its  degree  dc 
the  unaffected  cerebral  cortex  as  inueh  as  up 
spinal  ford. 

Consequently  I  regard  it  as  proliable  tl 
tabetic  process  itself  directly  in  any  way. 
eirrnni stances  influeiK-e  the  t^dietic  patif^nt 
effected  partly  l)ecause  healthy  jMjrtitms  of  hii 
ened,  partly  l:»ecAuse  his  faith  helps  him.  A^ 
fMiwerlesrt,  This  is  no  cjuibble  uimiu  words,  it 
tiou.  In  the  tii*Ht  jilace,  it  is  unworthy  of  ( 
aliout  with  bliud  faith  iu  his  therapy,  like  \ 
Wlien  suggestion  is  at  work  he  should  l»e  awi 
his  course  with  the  painful  Imt  emancipatii 
ness  of  his  art*  He  will  not  then  erabrtict 
every  new  remedy  in  order  to  aVmndrm  it  I 
things,  he  will  spare  the  patient,  because  he 
will  bring.  In  such  a  tedious  disease  as  tabe 
almudnu  hiH  patient,  he  must  treat  him  under 
employ  various  remedies  and  methmis  in  ord 
age.  But,  if  he  is  properly  skeptical,  he 
what  is  necessary,  he  will  aVwtain  from  officio 
least,  as  an  hoDorable  man  he  will  s[»are  tb| 
l>atient  is  poor.  How  many  jjeople  have  spfl 
leas  and  expensive  treatment! 

After  these  general  remarks  we  will  consi^ 
tabes  which  are  now  in  use,  passing  by  the 
torical. 

Is  there  a  prophylaxis  of  tabes?  Sino 
avaidauce  of  syphilis  is  also  avoidance  of  tah 
duty  is  set  liefore  thr»  physician,  which  he  hi 
ciently  f^erformed.  Physicians  should  tell  thi 
a  fearfully  serious  matter,  that  an  infecticn 
whole  life,  and  that  there  is  only  one  means  of 
atiee  of  all  impure  sexual  contiu't.     It  is  a  cr 
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IjpLilia,  to  call  it  a  **  child  *s  dii^ease,"  to  advise  patientu  tc)  have  mter- 
>ur8B  with  prostitutes.  Su|)ervisicm  of  i>rostitutiou,  tlie  careful  treat- 
lent  of  the  syphilitic,  and  the  severe  puuiahraent  of  those  who  care- 
sly  or  eveu  kiiowiu^^ly  pro|)ttgate  the  diftease  are  also  important, 
i  not  miieh  in  to  be  iML-complished  by  them.  Many  believe  that  by 
^etic  aiid  hmg-continued  treatment  of  syphilis  the  development 
'  talies  may  be  averted.  That  is  an  iinproveu  and  not  very  probable 
aamptit^iK  Whether  by  bucIi  ti'eatment  tertiary  mauifeHtationB  may 
prevented,  as  many  syphilologiKts  l)elieve,  is  another  matter, 
Tabes  is  not  a  tertiary  maiiifestatiou,  aud  in  fact  it  is  even  character- 
»tic  of  tjilws  that  it  most  frequently  follows  an  attack  of  syphilis 
rhieh  has  lieeu  without  tertiary  sym[jtoms. 

A*  Fournipr  has  said  that  the  l>etter  the  treatment  of  syphilis  the 
is  tal)f*H  U)  be  fe^ired.     But  Fournier  himHelf  admits  that  tabes 
nay  occur  after  treatment  of  syphilis,  which  has  lieen  excellent,  in 
ilia  meaning  of  the  word.      He  lias  hiiUBelf  seen  such   cases.     He 
iepeuds  for  the  proof  of  his  assertion  upon  the  fact  that  in  most 
63   of  tal>es   the  treatment  of  the  aiitecefleut   sy[)hilis  hiis   been 
asuflScient,  and  he  gives  the  lolkmiiig  statistics:     Of  312  tjilies  pa- 
bents,  there  were  24  whose  syphilis  was   not  treated  at  all»  70  who 
bad  a  three  to  six  months*  treatment  with  mercury,  74  who  were 
reated  for  fmm  six  mtmths  to  a  year,  32  who  were  treated  for  from 
Due  to  two  real's,  aud  13  who  were  treated  for  from  two  to  four  3- ears. 
tt  is  evident  that  such  statistics  can  prove  nothing.     If  one   should 
jnestion  312  persons  who  had  had  mild  syphilis  and  were  not  ta- 
&tic,  one  would  probably  ol>tain  *juite  similar  figures.     Manifestly 
iiofit  c^ses  of  syphilis  are  benign,  and  most  syphiHtics  are  treated 
sufficiently,   in  Fournier's  sense.       If  sucli    insnffitnent  treatment 
rere  to  blame  for  tabes,  the  latter  would  be  far  more  fre<iuent  than  it 
illy  i«. 
Although  tlie  residts  of  the  mercurial  treatment  are  riuitedonlitful, 
it  is  still  to  l>e  recommended  to  carry  it  out  conscientiously  and  to 
>mbat  every  manifestation  of  syphilis  energetically  aud  persistently, 
jWhether  it  is  justifiable  when  no  sign  r»f  syphilis  is  visil)k^  t*)  jjre- 
ibe  mercurial  treatment  fru*  from  four  to  six  years,  the  future  must 
cside. 

Prophylaxis  directed  against  the  accessory  cansi'S  of  tabes  consists 

ly  in  the  rules  hu*  health  whicli  a}*ply  to  all.     We^  may  conjecture 

me  will  lie  the  mrjr©  likely  to  escai>e  hibes,  nntwithstjintling  the 

itic  iufection»  the  more  healtliy  he  titherwise  is,  and  the  more 

Is  the  injurious  influences  which  are  in  general   prejudicial  to 

Although  it  is  very  doubtful  wliether  emotir>na!  excitement, 

I  physical  exertion,  the  use  nf  li(|uor,  and  srxual  nvcrstim- 
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Illation  help  to  provoke  tabes  wlieu  it  18 
who  is  syphilitic  should  be  warned  against  tlii 
others.  A  special  importance  is  perhaps  tc 
to  cold.  This  is  met  with  so  fre^inently  m 
pains  have  so  often  api>eared  after  re|>eated  « 
a  single  but  very  severe  exposure,  that  it  is  ] 
peeiaJly  warn  candidates?  for  tabes  against  sv 
Since  syphilis  is  the  cause  of  tabes,  auti 
p^ars  to  \m  the  cauHnl  indication.  As  a  mal 
ployed  as  soon  as  the  efjunection  Iietween  th 
to  be  probable.  The  interest  in  th©  qaeeti 
tabes  to  syphilis  probably  de}»ends  for  the  no 
now  being  able  to  attack  tal^s  by  means  d 
potasftium.  But  this  is  evidently  to  be  deta 
ence,  for  the  questitm  cannot  be  decided  the< 
anat<>my  shows  that  the  anatomical  elianges 
ent  from  those  of  tertiary  syphilis.  But  fr 
imiKJSsible  that  iodine  and  mercury  could 
atro|»hy  of  nerve  libres.  ^Ve  know  of  cou 
nerve  tissues  which  have  i>erished  are  not  J 
means  of  iodine  and  mercury  must  therefore 
who  is  familiur  with  jiathologieal  anatomy, 
able  that  antiHypldlitic  treatment  might  aiT€« 
effect  a  regeneration  of  the  diseafled  perii>h< 
that  apiiears  d<»ubtful  when  we  refit^'t  that  il 
similar  to  tabes,  which  manifest  themselves 
kidney,  and  other  glands,  mercury  and  iodine 
exi>erience  can  d€*cide  the  question.  And  e3 
is  not  poHHible  to  check  tabes  by  means  of  i 
In  this  the  great  majority  of  authors  are  agr 
most  highly  commend  antisyphilitic  treatn: 
promise  neither  cure  nor  arrt^'st  of  the  dis© 
i>tvasionaliy  there  has  I)een  "improvement." 
ports  ap[»eared  from  various  quarters,  annou 
of  a  tabetic  patient,  but  for  what  new  treatm 
maile  the  same  claim?  Critical  authors,  liowe 
such  assertions  with  unanimity  and  in  part 
ness  of  the  antisvphilitic  treatment,  in  |>art  r< 
of  that  tn^atment  is  far  from  corres|)ondiug 
Erh  has  expreHsed  himself  mast  positively  i 
treatment,  but  even  he  says  "  that  ourex|»eriei 
the  vabie  of  the  antisyphilitic  therapy  in 
Hant,  and  indeed  not  very  satisfactory/* 
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Erb,  through  Dinkier,  has  published  a  large  number  of  case  histo- 
ries which  are  intended  to  demonstrate  the  value  of  mercury  and  iodine. 
From  this  collection  it  should  appear  that  *^  in  six-sevenths  of  the  cases 
a  more  or  less  distinct"  and  extensive  improvement  of  the  aflfection 
had  been  produced.  But  if  one  enters  into  the  details  of  Dinkler*s 
presentation  of  the  subject  it  is  seen  that  the  results  are  <iuite  similar 
to  those  which  are  attained  by  any  treatment.  Very  similar  histories 
are  found  in  the  electrotherapeutic  literature  in  large  numbers,  not  to 
mention  the  reports  on  suspension  and  nerve-stretching.  As  yet  it  has 
never  been  proved  that  antisyphilitic  treatment  can  prevent  the  further 
development  of  tabes.  Whether  transitory  improvement  can  be  at- 
tained by  it  can  hardly  be  proved,  nor  can  it  be  disproved.  In  any 
event  I  regard  it  as  probable  that  the  antisyphilitic  treatment  is  of 
no  more  benefit  than  the  other  modes  of  treatment  hitherto  in  use, 
although  in  these  also  there  is  but  little  proof  for  or  against 
them.  In  my  own  experience  I  have  never  seen  any  positive  results 
from  the  treatment  by  inunction,  and  many  other  physicians  have 
had  the  same  experience.  I  cannot,  however,  deu}'  the  possibility 
of  benefit;  and  this  at  least  seems  to  me  to  be  shown  by  the  experience 
of  Erb  and  of  others,  namely,  that  a  judicious  antisyphilitic  treat- 
ment does  no  harm  in  tabes.  It  has  been  asserted  several  times  that 
the  atrophy  of  the  oi)tic  nerve  has  rapidly  advanced  during  the  inunc- 
tion treatment.  But  the  same  is  seen  when  no  mercury  is  used.  Tlie 
assumption  that  tabes  is  caused  by  the  mercury  is  so  ridiculous  that 
it  is  not  necessary  to  discuss  it. 

Well,  then,  inunctions  do  no  harm  and  it  is  doubtful  whether  they 
do  any  good.     In  this  state  of  things,  the  ciuestion  is  to  be  asked, 
VHien  should  inunctions  be  employed?  Erb  says  "  in  the  tabetic  who 
Iiave  been  syphilitic  antisyphilitic  therapy  is  indicated."    I  would 
prefer  to  alter  this  sentence  to  read,  "  antisyphilitic  therapy  is  per- 
Diissible  in  all  tabes  patients."    If  the  view  which  I  support  is  recog- 
Jtiized  that  tabes  is  always  metasyphilis,  there  are  no  tabetic  patients 
'Who  have  not  been  syphilitic.     In  case  of  those  who  have  apparently 
tiot  had  syphilis,  inunctions  are  more  distinctly  indicated  than  in  the 
others.     Those  who  deny  syphilis  and  those  who  for  the  most  part 
cu^taally  know  nothing  of  their  infection  belong  quite  certainly  among 
^lie  patients  whose  syphilis  has  been  insufficiently  treated,  and  it  is 
^11  the  more  necessary  to  make  up  for  lost  time.    In  general,  the 
^Teatment  by  inunction  seems  to  me  to  be  especially  justified  as  an 
^xi>eriment  where  it  has  not  been  employed  for  a  long  time,  or  not  at 
«^11.     In  such  cases  tertiary  residues  will  also  more  probably  be  pres- 
ent with  the  tabes.      That  inunctions   are  indicated  when  tertiary 
Symptoms  can  be  demonstrated  is  a  matter  of  course,  but  such  cases 
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to  couvince  myself  that  it  had  any  curative  effect.  Nevertheless  it 
does  no  harm,  if  argyrosis  be  avoided,  and  it  is  not  impossible  that 
it  does  some  good.  Since  we  cannot  well  spare  a  medicine  for  tabes 
which  has  some  individuality  and  which  can  be  given  without  harm 
for  a  few  months,  we  always  return  to  the  silver  salt.  It  is  adminis- 
tered in  pills  (H  Nitrate  of  silver,  1  gm. — gr.  xv.,  white  bole,  5  gm. — 
gr.  Ixxv.  Ft.  pil.  No.  100.  Sig.  One  pill  three  times  a  day),  about 
two  hundred  pills  being  taken.  It  is  dangerous  to  give  more  than 
this,  because  in  many  i)ersons  silver  quickly  causes  argyrosis,  and 
it  is  a  serious  mistake  to  produce  this  condition.  After  an  inten'al 
of  several  months  the  course  of  treatment  with  silver  may  he  repeated. 

With  the  other  drugs  used  in  the  treatment  of  tabes  I  have  no 
experience.  Evgot  and  ai*senic  have  been  especially  recommended. 
It  is  known  that  in  ergot-poisoning  there  may  be  an  incurable  disease 
of  the  nerves  in  which  a  part  of  the  fibres  of  the  posterior  columns  of 
the  spinal  cord  is  destroyed.  It  has  been  thought  that  if  ergot  can 
destroy  the  posterior  columns,  it  can  also  cure  them — an  idea  which 
appears  ingenious  rather  than  worthy  of  acceptance.  Of  late,  more- 
over, those  who  extol  the  merits  of  ergot  have  been  very  silent,  and  it 
most  be  said  that  this  poison  which  has  been  recommended  in  man}* 
nervous  diseases  on  speculative  grounds  has  been  of  benefit  in  none. 
Treatment  with  arsenic  seems  to  be  used  in  England.  It  will  prol)- 
abl/  do  no  harm. 

Strychnine,  like  ergot,  is  a  laboratory  remedy.  Erb  has  again 
commended  it  of  late  as  a  remedy  for  tabes,  but  he  adds  cautiously 
that  it  may  have  simply  a  general  tonic  effect  as  a  nervine. 

No  fault  can  be  found  with  the  administration  of  "  tonics"  in  gen- 
eral in  tabes.  They  are  merely  harmless,  suggestive  remedies.  It 
would,  however,  require  strong  faith  to  believe  that  they  have  any 
beneficial  effect  upon  the  disease  itself. 

The  modem  humbug,  organic  extracts,  is  a  repulsive  subject  to 
mention.  We  may  well  believe  that  physicians  who  have  ventured  to 
treat  tabes  with  testicular  juice  or  sheep's  brains  are  now  thoroughly 
ashamed  of  it. 

Baths  have  always  played  an  important  role  in  the  treatment  of 
tabes.  Formerly  the  indifferent  thermal  baths  were  chiefly  used. 
Of  late  the  majority  of  the  German  tabes  patients  who  can  afford  it  go 
to  Nauheim  or  Rehme-Oenhausen,  the  French  to  La  Malou.  Experi- 
ence seems  to  teach  that  hot  baths  are  injurious  to  tabes  patients, 
that  consecjuently  the  springs  the  temperature  of  which  is  high  are  not 
to  be  recommended.  But  it  is  manifestly  only  the  temperature  that 
is  to  be  avoided,  for  if  the  waters  of  Teplitz,  Gastein,  etc.,  are  cooled 
to  the  proper  temperature,  about  27°  E.  (OS"*  F.),  they  do  no  liarm. 
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Besides  the  cliief  batlis  above  mentioDed,  tsany  ntbeis  are 
tabes  patieute  with  apparently  good  results — sulphur  baths,  lik» 
la  Ghapelle,  baths  in  the  moimtalns,  such  as  Pf af eis-Bagai,  WiUlid 
in  Wiirtemberg,  sea-baths,  fermginoas  baths,  ete.     It  ia  oi 
very  difficult  to  say  an v  thing  as  to  the  effect  d  the 
indulgea  in  pseudo-scientific  phrases  about  the  reflex  infloeiice  of  ilie 
skin,  changes  of  the  circulation,  etc. 

Treatment  by  baths  is  au  old  custom ;  we  have  at  presenl  nodliiif 
better  to  offer  in  its  place.  It  is  like  the  silver  pills.  We  mk  lb 
{[uestiou  whether  they  do  any  good.  We  do  not  know,  bat  if  wA 
pro|jerly;  they  do  no  harm,  and  since  something  most  be  dfott- 
eh  hien!  I  have  as  yet  never  seeD  any  curative  effect  after  the  on 
of  any  of  the  baths.  Sometimes  the  patients  have  ^somewhat  Im 
pain  afterwards,  sometimes  the  ataxia  is  somewhat 
short,  it  is  like  all  other  modes  of  treatment.  Every  one  will 
that  a  stiiy  at  a  Ivathing  resort  may  have  a  stimulating  and 
ing  effect  and  that  the  bath.^  may  do  the  patient  good, 
such  bathing  resort  is  a  strong  suggestive  remedy.  Peopb 
the  water  ^^ushing  from  the  earth,  the^^  convince  themselves  bv 
taste,  tjr  smell  that  it  is  no  ordinary  water.  From  antiquity  the 
have  made  pilgrimages  to  the  spring,  and  many  traditioiii 
sprung  up.  With  their  own  eyes  they  see  streams  of  m 
from  all  lauds.  One  tells  the  other  of  wonderful  cures,  which  le 
his  uncle  has  witnessed.  Grave  and  dignified  physicians  ooi 
these  stories  and  exidain  scientifically  the  importance  of  the  sj 
The  stiite  itself  gives  its  sanction  and  the  whole  population  d 
ltx!ality  swears  to  the  value  of  the  water  upon  which  their  Ut< 
depends.  If  many  ciuses  of  the  same  diisease  ai'e  collected 
at  one  jjlace  tlie  physicians  learn  to  know  their  needs  aecunlelf 
everything  is  ilone  that  appejin*  to  be  of  benefit-  So  the  ph; 
at  Rehme  and  Xauheim,  w^liere  during  the  season  hundreds  of 
patients  are  to  lie  founds  have  tinally  become  specialists.  The 
tients  find  good  ruiuls,  sufficient  resting-places,  rolling-chain, 
Many  patients  rf^tiirn  every  year  to  this  place.  They  return  to 
homes  in  gi^ueral  al>out  as  they  went  away,  but  yet  they  haro 
sometliing  f*>r  tliemselves.  Hence  I  shall  say  nothing  agaii^tk 
tif  bathn.  On  th*^  ccmtrHry,  I  send  patients  there  m^ — "  i^^— 
is  cuj^tomary  and  Ijecause  it  does  tlie  jmtient  no  ha: 
may  benefit  him.  But  here  too  there  may  be  too 
thing.  Many  patients  receive  more  harm  from  tl 
comforts  of  the  long  journey  than  the  [irobleim 
treatment  can  compensate  for.  Not  «•  ^^^ 
money,  with  wliieh  at  home 
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benefit  their  health,  because  they  have  been  persuaded  that  they  must 
by  all  means  visit  the  baths. 

The  hydrotherapeutic  institutions  are  formidable  rivals  of  the 
baths.  Even  if  one  does  not  believe  in  the  hocus-pocus  which  is 
designated  scientific  hydrotherapy,  he  must  recognize  the  value  of  its 
empirically  approved  methods.  As  a  mode  of  treatment  of  tabes,  hy- 
drotherapy is  of  course  of  as  little  value  as  the  other  metliods,  but  as 
a  mode  of  treating  the  tabetic  patient  it  is  of  more  importance  than 
many  others.  These  patients  are  very  often  confined  to  their  rooms 
and  are  extremely  sensitive  to  cold.  A  powerful  stimulation  of  the 
nutrition  of  the  skin  and  of  the  blood-vessels  and  a  judicious  harden- 
ing process  are  for  them  of  great  value.  To  be  sure,  that  which  is 
sought  could  be  attained  at  home  by  rubbings  with  cold  water,  sitz- 
baths,  douches,  etc.  But  the  institution  affords  at  once  the  benefits 
of  a  summer  resort  and  of  a  hospital  managed  by  physicians.  It  is 
to  be  noted  at  the  institute  and  at  home  that  no  very  strong  stimuli 
are  suitable  for  tabes  patients,  that  therefore  not  qnly  high  but  low 
temperatures,  powerful  douchings,  and  the  like  are  to  l)e  avoided. 
There  is  of  course  a  difference  between  i)atients.  What  agrees  with 
one  is  too  strong  for  another,  since  among  these  patients,  according  to 
the  original  constitution  and  the  development  of  the  disease,  there 
are  strong  and  weak,  and  those  who  are  sensitive  as  well  as  those  who 
are  excitable  with  diflBculty.  Especially  in  hydrotherapy  it  is  nev- 
essary  to  individualize  judiciously.  For  relatively  strong  tabes  pa- 
tients short  sea-baths  are  very  suitable.  But  for  the  majority  is  to 
be  recommended  only  residence  at  the  seaside  without  bathing. 

Electrotherapy  in  tal>es  in  my  opinion  is  suggestive  treatment. 
That  this  "mighty  physical  remedy"  is  of  influence  upon  the  tabetic 
process  itself  is  so  difficult  to  believe  iheit  sk  *^  sfu^i/tcliim  infellectuH* 
is  really  necessary  for  faith.  While  in  hydrothera])y  and  some  other 
methods,  at  lea.st  a  strengthening  of  the  lK)dy  as  a  whole  may  lie  ef- 
fected, this  advantage  does  not  obtain  in  electrothera])y,  for  no  one 
surely  will  assert  that  by  the  passage  of  a  feeble  current  for  a  few 
minutes  through  the  skin,  muscles,  and  perliajm  a  few  nerve  fibres  the 
body  is  strengthened.  The  electrothera])eutiHts  claim  that  only  when 
electricity  is  employed  sectnidinn  artem  can  it  be  of  l)enefit,  and  each 
holds  that  his  own  method  is  the  correct  one.  I  have  occupied  myself 
long  enough  with  electrotherapy  to  have  mastered  the  techniciue  and 
I  have  employed  the  various  methods  of  the  autliorities  upon  tabes 
patients,  but  I  have  never  seen  any  effect  that  could  not  on  good 
grounds  be  ascril)ed  to  suggestion.  And  many  ex])erts  have  had  the 
same  experience  as  myself.  From  year  to  year  the  ]mychical  nature 
of  eleotrotheraiieutic  cures  l>ecomes  more  widely  recognized,  and  so 
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done  with  them,  especially  in  France.  The  ^  pointes  de  feu"  are  di- 
rected to  be  produced  upon  a  space  the  width  of  the  hand  along  the 
spine  about  every  ten  days  by  means  of  a  small  thermocautery  of 
from  thirty  to  fifty  points.  The  milder  forms  of  cutaneous  stimula- 
tion will  be  mentioned  farther  on. 

Massage,  which  is  unduly  lauded  by  its  advocates,  is  stimulation 
of  the  skin  and  something  more.  It  is  of  course  of  no  importance  as 
a  treatment  of  tabes,  but  general  massage,  like  hydrotherapy,  may 
occasionally  be  employed  as  a  general  tonic  for  tabes  patients  as  well 
as  for  others. 

Gymnastics,  whether  German  or  Swedish,  are  to  be  similarly  re- 
garded. But  they  have  an  especial  value  also  as  a  remedy  for  the 
ataxia,  to  which  we  shall  recur  again.  Treatment  with  Zander's 
machines  is  a  mixture  of  massage  and  gymnastics.  In  some  res])ectrt 
it  accomplishes  less  than  hand  massage  and  individually  conducted 
gymnastics,  but  it  is  not  injurious  if  used  in  moderation  and  may 
occasionally  be  employed  to  advantage. 

A  chapter  of  modem  medicine  of  which  physicians  should  be 
ashamed  is  the  doctrine  of  nervenstretching  and  of  extension  of  the 
spinal  column.  The  idea  of  curing  tabes  by  stretching  the  sciatic 
nerve  is  so  absurd  that  every  scientifically  educated  man  would 
naturally  repel  it,  but  notwithstanding  this  it  has  not  only  been  ap- 
proved but  has  been  enthusiastically  praised,  and  the  operation  has 
been  performed  in  a  great  number  of  cases.  Even  to-day  there  are 
physicians  who  are  not  ashamed  to  perform  the  operation  or  to  allow 
it  to  be  i)erformed  upon  tabes  patients.  The  operation  consists  in 
exposing  the  sciatic  nerve  in  the  upper  part  of  the  thigh,  drawing  it 
out  of  the  wound  with  the  finger  or  with  a  hook,  and  stretching  it 
strongly.  One  or  both  nerves  may  be  stretched  and  under  some  cir- 
cumstances the  crural  nerves  also.  The  fact  that  brilliant  results  were 
at  first  attained  by  the  operation  proves  well  how  subject  both  the  ta- 
betic patient  and  his  physician  are  to  the  power  of  suggestion.  The 
rei)orts  of  such  successes  are  manifestly  not  all  false,  the  patients 
really  became  better.  But  when  the  enthusiasm  for  the  operation 
•was  dissipated  by  criticism  and  by  reports  of  fatal  cases  the  operation 
was  no  longer  successful.  The  furor  which  had  carried  everybody 
away  subsided  and  after  a  few  years  nothing  more  was  heard  of  the 
matter.  To  one  who  has  witnessed  the  rise  and  fall  of  such  thera- 
peutic enthusiasms,  they  appear  like  i)sychical  epidemics  and  recall 
the  dancing  manias  of  the  Middle  Ages. 

Just  as  the  pointes  de  feu  have  succeeded  the  red-hot  irons,  so 
nerve-stretching  without  operation,  and  suspension  have  succeeded 
to  the  ox)erative  uen-e-stretching.     These  are  as  absurd  as  the  latter 
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inclined  plane  with  head  and  shoulders  fixed  and  leave  "  extension" 
to  the  bodily  weight,  from  which  no  harm  can  result. 

The  corset  of  the  orthopedist  Hessing,  like  suspension,  is  to  be 
regarded  as  a  suggestive  treatment.  This  is  supposed  to  support  the 
vertebral  column,  and  to  relieve  it  of  superincumbent  weight;  it  is 
proi)erly  applied  only  after  many  trials,  and  costs  enormously.  Some 
tabetics  really  feel  much  more  comfortable  if  they  wear  a  corset  (per- 
haps on  account  of  its  uniform  warmth),  but  they  can  have  one  ap- 
plied by  any  one  skilled  in  bandaging. 

The  methods  hitherto  discussed  hardly  deserve  to  be  taken  seri- 
ously,  but  not  so  with  the  treatment  of  the  individual  symptoms,  al- 
though by  such  treatment  we  do  not  expect  to  influence  the  tabetic 
process  itself.  Most  frequently  the  physician  is  obliged  to  treat  the 
pains  of  the  tabetic.  Formerly  we  were  almost  entirely  restricted  to 
external  applications,  but  of  late  we  have  made  an  advance  by  the 
knowledge  of  new  and  rather  harmless  remedies  for  pain.  The  most 
important  of  these  are  acetanilid  (or  antifebrin),  phenacetin,  and 
antipyrin. 

Besides  these  may  be  used  sodium  salicylate,  salipyrin,  exalgin, 
lactophenin,  and  a  series  of  similar  products  which  the  activity  of 
the  pharmacologists  has  furnished  us;  i  to  1  gm.  (gr.  viii. — xv.)  of 
antifebrin  may  be  given,  the  same  amount  of  phenacetin,  1  to  2  gm. 
(gr.  XV. — XXX.)  of  antipyrin,  and  1  to  3  gm.  (gr.  xv. — xlv.)  of  salipy- 
rin. Combinations  of  these  can  also  be  employed.  All  these  medi- 
cines relieve  the  so-called  "nervous"  pains  in  an  unknown  way, 
probably  by  their  action  upon  the  i)arts  of  the  brain  which  are 
connected  with  sensations  of  pain.  It  is  folly  to  prescribe  the 
bromides  for  the  pains;  they  are  of  no  use  whatever.  It  is  gen- 
erally possible  to  relieve  the  lancinating  pains  by  means  of  antifebrin 
and  kindred  remedies.  Nevertheless  we  cannot  dispense  with  external 
applications.  For  medicine  should  not  l)e  given  for  various  reasons 
if  it  is  not  absolutely  necessary,  and,  on  the  other  hand,  unless  in- 
jurious doses  are  given,  pains  are  often  not  so  completely  relieved 
by  internal  medicines  that  auxiliary  remedies  can  be  disx)ensed 
with. 

Sometimes  no  treatment  is  necessary.  All  tabes  patients  do  not 
have  severe  pain,  and  a  certain  proportion  of  them  learn  to  endure 
their  pain  without  assistance.  If  that  cannot  be  done,  a  cold  com- 
press is  the  most  simple  and  often  an  efficient  remedy — much  more 
rarely  warm  or  hot  compresses.  Wei-packa,  the  so-called  Priessnitz 
compresses,  occupy  an  intermediate  position.  Then  follow  the  stim- 
ulating applications,  such  as  spirit  of  soap,  of  camphor,  or  of  mustard, 
petroleum  ether,  oil  with  chloroform,  or  chloroform  alone.     My  pa- 


876  MOBIUB— TABES  jx)Rau.is. 


tientH  like  paprika  tincture,  which  I  give  in  cnmbiiiation  withspiriicil 
camt>hor  or  of  mustard.  Bemedies  which  easily  injure  the  Bkin  a[>pear 
Uy  me  lees  advisable;  such  are  muBtai^d  plasters,  sprinkling  chlorolom 
upon  hot  compresses,  and  painting  with  tincture  of  iodine  or  aoh- 
tiona  of  nitrate  of  silver.  Wounds  of  the  skin  should  be  carefully 
avoided.  This  objection  applies  ako  to  sprays  of  methyl  cliloritk 
which  for  a  time  were  highly  commended.  If  they  are  used  cm- 
tiously  so  as  to  produce  no  eschar,  they  are  not,  however,  obj«^ 
tionable.  Sometimes  strong  preBsure  helps^  laying  on  sand  bAgs^ 
or  bandaging  on  a  lead  plate,  or  constriction  with  cords.  If  erw- 
thing  fails  and  the  pain  ap(>ears  to  be  unendurable,  nothing  reioaiiv 
but  to  use  morphine,  which  always  relieves.  Since,  however,  in  a 
disease  of  such  long  duration  as  tabes  the  danger  of  the  mcrrphiiM 
haV>it  is  particularly  great,  this  drug  should  always  be  avoided,  if 
possible.  If  injections  are  needed,  they  should  be  ^iven  by  tie 
physician  himself-  Singularly  enough,  patieute  rarely  hit  upoa  iht 
idea  of  buying  a  syringe  and  morphine  solution  for  themselreB.  It 
is  on  I}'  when  the  physician  entrusts  the  syringe  to  them  or  to  tli«r 
friends  that  they  become  victims  of  the  morphine  habit.  Yet  bere 
also  we  must  individualize.  Whether  one  who  takes  morphine  coo- 
tracts  the  habit  or  not  depends  upon  his  character,  I  know  aooe 
tabes  patients  who  are  compelled  to  take  morphine  oecasioimDy  fcr 
their  pains,  who  have  not  acquired  a  fondness  for  it  and  do  not  ex- 
ceed relatively  small  doses.  Although  the  use  of  morphine  for  ihtt 
lancinating  pains  should  be  avoided  as  much  as  possible,  the  «« 
is  different  with  the  so-called  visceral  crises,  and  especially  viti 
the  gastric  crises.  Here  only  injections  of  morphine  are  of  beodSt; 
to  give  any  thing  else  is  a  loss  of  time;  and  in  such  cases  M  00^ 
morijhine  should  be  given  at  onc^  as  is  necessary  in  order  to  sabdsi 
the  pains,  for  divided  doses  are  of  no  use.  The  other  crl<«s  ire 
ninch  more  rare  and  do  not  often  give  occasion  for  interference.  The 
laryngeal  crises  are  generally  over  with  before  the  physician  arriTOs. 
If  necessary  the  application  of  cocaine  by  means  of  a  brush  waj  I* 
tried. 

In  treatment  of  the  vesical  disturbances  the  most  important  tbim 
is  not  to  do  harm,  i.e.,  do  not  catheterize  except  in  the  mostextnBi    ■ 
necessity.     Many  tabes  patients  have  acquired  cyi  ~^ 

tlirough  careless  eatheteri/jition.     In  the  great  1 
catheter  is  (juite  superfluous,  for  it  is  usm* 
even  iu  comj^lete  retention  of  urL" 
walls,  and  in  the  later  stages  of  tb 
by  iiiamial  ]>resaure.     In  bladdei 
good  results  are  often  obtained  ^ 
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of  t^n  to  twenty  drops  three  times  a  day.  Of  course  other  preparar 
tionB  of  strvchniiie  may  also  be  used. 

Aa  a  rule,  the  sexual  diBturbauees  demand  no  treatment.  In  the 
rather  rare  case**  of  excessive  sexual  excitement  bromide  of  i>ota89ium 
and  cold  compresses  may  be  employed.  Generally  there  is  sexual 
weakness  or  impotence.  In  this  case  nothing  is  to  be  done,  for  it  is 
quite  unnecessary  that  tabes  patients  Bbould  have  coitus  or  beget 
children,  and  even  should  the  latter  be  desired  for  s[)ecial  reasons, 
we  liave  nnt  the  iK3wer  t*>  be  of  assistance.  Many  pliysicians  wish  to 
oblige  patients  who  have  a  desire  for  sexual  jjleaaures,  and  with  that 
object  in  view  many  }>aths  and  much  electricity  and  medicine  are 
given;  this  is  also  not  one  of  the  least  reasons  for  employing  the  sus- 
pension treatment.     But  none  of  these  things  is  usually  of  any  avail. 

Any  mild  aperient  may  be  taken  for  the  constipation  which  is 
commonly  present.  This  may  ]>e  continued  for  many  years  without 
harm  if  the  reme<ly  is  changed  from  time  to  time.  Electricity  and 
massagej  etc. ,  are  expensive  and  do  no  goixh 

Decubitus,  perfomting  ulcer,  and  other  aifectinns  of  the  skin, 
fractures,  and  arthropathies  are  of  course  to  be  treated  according  to 
the  rules  of  surgery — of  conservative  surgery. 

It  is  rarely  neceasary  to  treat  the  pai'a'sthesias*  If  the  patienfas 
demand  treatment  external  applications  may  be  tried.  All  sorts  of 
cutaneous  stimulation  may  also  be  employed  for  the  anaesthesia,  bnt 
generally  there  is  no  occasion  for  interference.  On  the  other  hand, 
the  patients  generally  demand  help  for  the  aflfections  which  are  due 
to  the  aniBsthesia,  espet'iall\'  the  ataxia.  The  best  remedial  meas- 
ure for  this  is  systematic  exercise.  Many  a  thoughtful  ph>'sician 
has  no  doubt  advised  exercise  for  the  ataxic  talies  patients,  and  I  have 
known  patients  who  of  themselves  learned  how  to  suppress  their  ataxia 
by  exercises,  but  it  is  only  recently  that  the  subject  lias  been  method- 
ically ax>proached,  Freukel  first  recommended  exercise  as  a  for- 
naal  treatment  of  the  at^ixic*  Quite  material  benefit,  in  fact,  may  be 
attained  by  it,  wliich  is  not  only  good  for  the  patient**  but  very  inter- 
esting theoretically*  In  all  the  methods  of  treating  talies  their  advo- 
cates have  always  called  attention  espet^iaUy  to  tlie  fact  that  by  means 
of  tliem  tliose  who  were  completely  ataxic  had  learned  again  to  walk. 

-y  shake  their  heads  when  assured  that  this  is  the  effect  of  sug- 
for  how  could  suggestion  act  upon  the  posterior  t-olumna  upon 
ration  of  which  the  ataxia  depends?  The  answer  is  that 
stion  in  general  nor  Frenkel's  method  acts  upon  the 
ims  or  upon  the  "coordinating  ]iathn/' but  n])OTi  the 
Upon  its  Hftivity  depends  the  at^curacy  of  the  vol  inl- 
and exercise  of  it  restores,  so  far  as  that  is  possible. 
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the  accuracy  of  movement  when  disturbed  by  insensilii 
joints,  eie. 

The  French  have  %'ery  appropriately  termed  FreiJterB  metboi 
re-education;  in  fact,  it  is  a  mode  of  education.  Its  essence  is  Qui 
tlie  patient  leama  to  execute  slowly  and  correctly  with  the  aid  d 
the  eyes  certain  prescribetl  movements.  At  first,  the  patient  being 
recumbent,  he  is  required  to  raine  ea«h  leg  in  succession  to  a  certui 
height,  to  flex,  extend,  abduct,  and  adduct  hie  legs,  to  place  one  foot 
over  the  other,  describing  larger  or  smaller  areas,  to  touch  the  kaer 
with  the  heel  of  the  other  foot,  to  describe  circles  and  squares  with 
the  foot,  etc.  Then  follow  exercises  in  standing  with  legs  apart  md 
with  legs  close  tcjgether,  with  one  foot  in  advaDce  of  or  l)ehind  tl» 
body,  in  sitting  down  and  in  rising,  in  bending  the  knee^  kbA  in 
straightening  them,  in  standing  upon  one  foot  and  upon  tipitcv. 
Finally  come  exercises  in  walking  in  time  with  measured  stepiw  if 
necessary  with  the  support  of  "  running  poles"  (a  kind  of  parallel  hare) 
or  of  the  arms  of  others,  or  with  one  or  two  canes,  in  "  walking  a  line," 
and  in  walking  forwards  and  backwards.  The  exercises  should  uot 
exhaust  the  patient,  and  ouglit  therefore  not  to  be  continued  too  long, 
especially  at  first,  but  may  be  repeated  several  times  during  tbed^j. 
It  in  much  more  rarely  necessary  to  prescril>e  arm  exerciser  than  ]^ 
exercises,  ataxia  of  the  arms  Ijeing  rather  rare.  But  in  this  cane  the 
multiplicity  of  exercises  possible  is  much  greAter  and  more  scope  is 
given  for  the  ingenuity  of  the  physician.  Frenkel  gives  a  large Tumt 
ber  of  exercises:  simple  movements  of  the  hands  and  of  the  fing^is, 
drawing  Hues,  describing  figures,  catching  swinging  balls,  putting 
pegs  into  hoIeH,  counting  money,  writing,  etc.  It  is  desirable  thai 
all  tlie  exercises  should  lie  performed  under  the  supervision  ol  the 
physician  or  at  least  of  some  intelligent  person  who  understands  ti» 
object  in  view.  The  result  depends  upon  three  conditions,  to  wit, 
the  skill  of  the  teacher,  the  character  of  the  patient,  and  the  kiiid  d 
tal>es. 

Very  naturally  strength  of  character  and  mental  ability  io  th^ 
patieut  are  of  importance;  a  clever  and  i^ei"8evering  patient  will 
gaiii  irK)re  than  one  who  is  stupid  and  indolent.  And,  an  theothif 
liHiid,  from  the  outset  a  strong-willed  and  self-reliant  man  will  not 
give  way  to  the  ataxia  so  much  as  a  weak-minded  t 
dividual,  wlio  is  open  to  unfavorable  suggestions, 
mont  will  manifestly  attain  the  most  brilliant  succ 
tliose  who  have  taken  up  arms  against  the  ata^ 
It  W(mies  evident  during  the  treatme^* 
Si*lves  up  to  the  dv 
large  a  part  of   the 
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^  Ambl\  opia  or  bliudneHH  is  an  obBtacl©  in  the  way  of  improvemeut. 

fortunately  l>lind  talies  patienta  are  not  often  ataxic.     A  dietioction 

)uld  be  made  between  acute  progremive  ataxia  and  the  commnD 

form  which  develops  slowly.     The  former,  as  is  known,  di9ap[>earB  in 

[part  sjiQntaneottftly  after  a  time.     So  long  as  it  advances  there  is  not 

I  much  to  l)e  done;  rest  is  the  best  thing  lor  it.     If  treatment  hapfiens 

jio  begin  as  tlie  natural  improvement  sets  in,  it  is  apparently  brilliantly 

iceessfnb     Only  chronic  ataxia  affords  really  a  good  test  of  the 

^'treatment* 

Before  the  tabetic  jjaralyses  the  physician  is  almost  i^owerless. 

\As  has  l>een  already  explained,  we  have  to  distingiiisli   between  the 

;  transitory  and  the  permanent  i>aralyses.     The  former,  espeeiall.v  the 

transitory  paral^>'se8  of  the  f>cular  muscles,  are  apparently  tractable 

under  treatment,  that  is,  if  the  patient,  (»r  even  the  physician,  does 

[Hot  know  their  Datural  course,  mercury  or  iodide  of  potassium,  or 

Btrychnine,  or  electricity  may  appear  triumphantly  successful.     That 

I  this  success  is  deceptive  is  seen  from  the  complete  inefficacy  of  the 

;  Bame  remedies  in  the  permanent  paralyses. 

Treatment  is  also  quite  powerless  in  atrophy  of  the  optic  nerve. 

lit  may  advance  rax>idly  or  slowly,  or  it  may  l>ecome  stationary,  but 

thei'e  is  no  true  improvement,     Long-contiuued  injections,  Ijeneath 

the  skin  of  the  temporal  region,  of  the  cyanide  of  gold  and  sodium  <  ir 

I  of  the  cyanide  of  uiercury  have  their  advocates  still,  but  I  fear  that 

they  suit  tlie  ph3  siciau  l>etter  than  the  jiatient. 

If  the  physician  who  is  consult-ed  by  the  talies  patients  reco^izes 
the  diseiise,  he  should  not  mention  its  name  to  the  ]>Htieut.  Gener- 
ally the  x>atieuts  come  with  the  idea  that  diseiise  of  the  sjnnal  cord 
1  condemns  them  with  cerUiinty  to  an  agonizing  death.  I  am  accus- 
ktomed  to  say  to  them:  "You  hava  a  chronic  nervmis  iHsease,  which 
cannot  lie  j>erfectly  cured,  Ijecause  in  it  nome  nerve  hbren  are  destroyed. 
But  if  yon  live  prudently  you  may  in  all  prol>ability  keep  at  work 
even  if  you  are  ill^  and  yf)n  may  live  hmg,"  Kules  fnr  the  coudnrt  of 
the  patient's  life  are  then  to  l>e  given.  ExptjHure  to  mhl  and  over- 
exertion must  be  avoided.  The  patient  must  liave  a  dry  and  if  (mj.s- 
silile  a  sunny  dwelling.  If  his  (iccui)atiiin  exposes  liim  to  t*o]d  or  in 
the  risk  of  excessive  Ijodily  exertion,  he  should  seek  otlier  emi>loy- 
^nt.  Warm  ch>thing  is  necessary  in  cold  weather.  The  feet  espe- 
'i  should  be  kept  warm.  Fatiguing  hunting,  mountain-elimbiug, 
'  >ng-continued  riding  must  lie  given  u]i.  In  all  his  activity  the 
^uld  be  not  to  hurry  and  never  to  go  further  than  the  Itegin- 
fatigue,  Alcoliolic  1  leverages  are  to  lie  taken  sparingly. 
^  is  best,  hut  is  not  always  t^  be  attained,  aiul,  according  to 
knowledge,  small  amounts  of  alcohol  do  no  more  harm 
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to  the  tabetic  than  to  the  healthy.  Tea  and  coffee  are  to  be  aIlo¥«A| 
A  few  mild  cigars  are  also  permiBsible,  for  it  is  wrong  to  forbid  ma 
than  is  absolutely  necesiBary,  The  patient  may  eat  what  he  hkeaand 
can  digest.  If  the  patient  ia  married,  he  may  indulge  in  ooitoE  if 
nature  prompts.  Emotiomil  excitement  is  injurious  to  every  €fDe,» 
pecially  to  every  invalid,  and  for  the  tabetic  to  refrain  from  wont 
and  excitement  is  often  of  more  value  to  liira  than  me<licine.  life  in 
the  open  air  is  very  lieneficial.  The  rich  may  si>end  the  winter  in  • 
mild  climate,  wliicli  enaliles  thera  to  live  more  out  of  doom. 

Other  psychical  treatment  is  partly  direct  and  pai-tly 
Hypnotic  suggestion  is  seldom  indicated  in  tabes  patients, 
by  it  only  individual  symptoms,  as  tlie  j>ains  and  ataxia,  are  iufloeDced 
and  because  the  majority  of  the  iiatdeufc^,  educiited  men  of  moreot 
less  advanced  age,  are  but  little  receptive  of  suggestions.  If  soacep- 
tible  individuals  are  met  with,  a  few  olwervations  show  whetbargood 
results  may  be  obtained.  Yet  for  the  ataxia  I  would  advise  in  ] 
ence  the  educ^itiou  already  described »  The  pains  come  so  irr 
that  they  cannot  be  anticipated,  and  if  already  preiieiit,  they  geuei 
interfere  with  direct  suggestions . 

A  certain  general  education  of  the  jmtient  is  im|>ortant.    The  ] 
sician  should  try  to  make  it  clear  to  him  that  it  is  better  to  endniet 
inevitable  wisely  and  patiently  than  t*j  lament  and  constantly  toi 
new  remedies.     If  he  is  tolerably  comfortable  he  should  not  b©  i 
iug  mpdicioe  consbintly,  and  for  that  reason  he  should  knowthitl 
complete  cure  is  impossible.      This  the  physician  should  tell 
frankly,  but  of  course  to  encourage  hoi>es  of  improvement  is  note 
permissible  but  necessary. 

Aside  from  the  symptomatic  treatment,  medicinal  treatment i 
as  a  means  of  indirect  suggestion.  In  this  the  physician  sbonldf 
fi(m  rmcere  the  fii'st  place,  A  simple  hydrotherapy,  the  treatmenlc 
t<3mary  at  Ijathing  resorts,  and  the  administration  of  harmless  ] 
I'incs  are  chiefly  to  Ije  recommended.  I  know  some  intelligent  1 
]iatients  who  visit  a  sjia  or  the  seacoast  or  some  other  summer  I 
every  ycar»  and  who  tjike  medicine  to  combat  the  pains,  but  ab 
from  all  other  treatment  and  keep  relatively  comfortable. 
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THE  COMBINED  SYSTEM  DISEASES  OF 
THE  SPINAL  CORD. 


Experience  teaches  that  the  diseases  of  the  nervous  83^ stem  may  be 
divided  with  respect  to  their  localization  into  two  great  groups—into 
systematic  and  non-systematic  (diffuse)  diseases.  By  systematic 
diseases  (or  system  diseases)  we  understand  those  affections  in  which 
only  nerve  ceUs  and  nene  fibres,  that  is,  neurons,  which  have  a  defi- 
nite physiological  function  are  attacked.  The  aggregate  of  all  the 
neurons  which  subserve  a  definite  physiological  function  is  called  a 
neuron  system.  And  in  classifying  them  according  to  our  point  of 
view  we  may  distinguish  general  and  comprehensive  neuron  systems 
and  subdivisions  of  these,  or  special  neuron  systems.  Thus,  for  ex- 
ample, we  may  group  all  the  sensory  nerses,  that  in,  all  those  neurons 
which  conduct  external  stimuli  from  the  surface  of  the  body  to  the 
seat  of  our  consciousness,  collectively  in  one  great  sensory  neuron 
system.  But  in  this  great  sensory  system  we  may  distinguish  nu- 
merous subdivisions  (the  optic  neuron  system,  the  auditory  neuron 
system,  the  neuron  s\'stem  for  sensations  from  the  Hui-faceof  the  skin, 
etc.),  and  each  of  these  sulxlivisions  may  be  still  further  divided 
(neuron  systems  for  tlie  sense  of  touch,  for  the  sensations  of  temper- 
ature^ for  the  individual  primary  colors,  etc. ). 

The  interesting  fact  that  sometimes  only  the  neurons  w^iich  belong 
to  a  certain  physiological  system  become  diseased,  all  the  other 
neurons  remaining  perfectly  normal,  is  to  be  explained,  so  far  as  our 
present  knowledge  goes,  as  follows : 

First,  tlie  clinical  facts  show  that  certain  neurcm  systems  are  ab- 
normally weak  and  sickly  in  Sfjme  iiei-sons  from  biiih.  What  the 
primary  cause  of  this  abnormality  is  we  do  not  know.  But  ver>'  fre- 
quently it  presents  itself  most  distinctly  as  a  liereditary  or  family 
affection.  The  highest  degree  of  such  a  congenita,l  abnormal it>'  man- 
ifests itself  in  the  total  failure  of  development  of  a  certain  neuron 
system.  Thus,  for  example,  cases  occur  of  congenital  spastic  paraly- 
i  of  the  extremities  which  are  dut-  to  the  fact  that  the  pyramidal 

jte  (the  central  motor  neurons)  have  not  developed  at  all  (the  ao- 
i  agenesis  of  a  neuron  systeraj.     But  in  other  cases  the  neuron 
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Bjstems  in  question  are  at  first  apparently  normally  developed  i 
functionate  in  a  perfectly  normal  way.  Yet  sooner  or  later  in  tk 
couiBe  of  the  patient's  life  they  are  affected  by  a  slow  deg^ienilm 
(atrophy)  without  the  inten^ention  of  any  special  external  c«ae. 
We  may  sappose  that  auch  neuron  systenia,  abnormally  weak  ai  m- 
ginej  are  injured  and  worn  out  by  the  very  exercise  of  their  fuiictini», 
or  that  the  mechanisms  within  the  organism  which  should  snppljtk 
constituents  of  the  organ  which  have  been  consumed  in  its  functionit' 
ing  ase  insufficient. 

The  second  group  of  causes  upon  which  the  development  ci  \ 
ron  system  diseases  dei>ends  are  external  in  their  nature, 
know  that  certain  chemical  BuI:istimceH  fiet  upon  the  organtsn  i 
poisons,  that  ie,  that  they  have  an  injurious  influence  because  of  I 
chemical  action  upon  certain  constituents  of  the  orjk^anism.  In  cob- 
sequence  of  the  peculiar  chemical  nature  of  the  poison  such  mjmj 
m  often  inflicted  only  upon  certain  definite  cells  of  the  organism,  ml 
these,  as  experience  shows,  are  often  well-defined  neurons,  that  i&, 
the  neurons  of  a  certain  physiological  system.  Thus  we  know  i 
lejid  has  a  toxic  effect  only  upon  certain  motor  neurons^  that 
phine  ac^ts  ouly  upon  certain  sensory  neurons,  etc.  We  know  i 
regard  to  many  poisons  that,  if  long  coutiDued,  they  may  so 
certain  neuron  systems  that  the  latter  may  degenerate  corop 
The  poison  of  ergot  injures  certain  sensory  neuron  systemi  j 
hence  ]>roduces  systematic  degenerations  in  the  posterior  ctdiiiiiflii 
the  spiuid  cord.  The  poison  of  apoiled  Indian  com  (in  peUagn)  i 
that  of  lathy  rus  (one  of  the  Leguminosie)  if  taken  for  a  long  1 
often  cause  degeneration  of  motor  neurons  (degeneration  of  the  1 
cohimns  of  the  spinal  cord). 

But  most  common  of  all  is  the  action  of  toxins  which  origiMif 
within  the  body,  ahnost  always  in  connection  with  infectious  didaBtt> 
Such  toxins,  the  presence  of  which  has  as  yet  been  ptjsitivelj  proid 
in  but  few  cases,  similarly  to  the  above-mentioned  poisons,  actdiiK^F 
\i\Km  the  neurons,  attacking  chiefly  certain  definite  neuron  i 
Tlie  toxins  of  mimernus  acute  infectious  diseases  affect  partic 
peri]>heral  motor  neurf)us  (so-called  neuritis  after  typhoid  fever*  Alj 
other  toxins,  such  as  the  toxins  of  diphtheria,  attack  sometimeii 
tor  neurons  ( diphtheritic  paralysis),  sometimes  eentrip 
neurons  (diphtheritic  ataxia),  causing  degeneration.  O: 
pni(?tical  importance  are  especially  the  postsyphilitic 
dinp^asps,  of  which  degeneration  of  the  peripheral  sensory 
so-t'alled  ta!>es  domalis)  is  very  common,  while  postsy 
dogoneration  uf  motor  neurons  (posts >'philitic  scleixmis 
column.^)  is  of  far  rarer  occuiTenoe, 
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We  see,  accordingly,  that  we  must  divide  all  ByBtem  diseases  into 
o  great  etiologicallj  different  groups :  first,  the  endogenous  system 

lases  due  to  abnormal  C4:>ngemtal  development;  and  second,  the 
exogenous  system  diseases  caused  by  external  injurious  influences 
cbiedy  of  a  toxic  nature. 

The  endogenous  system  diseases  all  i>resent  the  following  pecu- 
liarities :  first,  they  appear  very  often  as  hereditary  or  family  din- 
eases,  which  of  course  does  not  mean  that  the  abnormal  develop meut 
may  not  occasionally  manifest  itself  in  au  isolated  individual^  Sec- 
ontlly j  they  generally  make  their  appearance  in  early  life,  often  in  chil- 
dren, or  at  least  within  the  first  two  decades.  The  more  careful  the 
investigation  the  more  early  is  the  beginning  of  the  affection  found 
to  have  been.  In  isolatetl  cases,  however,  the  abnormal  development 
may  first  become  manifest  only  in  advanced  life.  Thirdly,  they  gener- 
ally  have  a  very  slow  but  steatlily  progressive  course — at  leiiat  within 
the  region  which  is  attacked— and  are  incurable,  that  is,  they  cannot 
be  sensibly  influenced  by  any  external  means. 

The  exogenous  system  diseases,  according  to  the  nature  of  the  toxic 
influence,  may  develop  in  widely  different  ways.  They  may  some- 
times be  acute  in  their  development  (as,  for  example,  certain  paraly- 
ses  and  ataxias  after  acute  infectious  diseases)  and  are  then  not 
rarely  comjiletely  curable,  the  neurons  being  only  in  part  damaged 
and  recovering  again  their  normal  coustitution  and  extent.  Or 
they  pursue  a  chronic  course  and  are  incurable  because  the  neurons 
are  completely  destroyed  ami  cannot  of  course  l>e  re-created  by  any 
naeans. 

We  may  assume  that  it  is  comjiletely  proved  for  all  system  dis- 
eases that  the  affection  alwa\  s  has  its  origin  in  the  neuron  itself  and 
not  in  the  glia  or  connective  tissue^  or  in  the  blood- vest^els  and  tlie 
like.  The  changes  which  are  fouud  in  all  sv'stematic  diseases  in  the 
interstitial  tissues  and  in  the  blood -\'essels  are  certainly  of  a  secondary 
nature,  having  arisen  in  consetiueuce  of  the  primary  destniction  ot" 
the  nen^e  tissue  itself.  How  the  disea.He  develojis  in  the  neurons  has 
not  yet  been  accurately  determined,  but  the  kind  of  disease  is  always 
the  same;  it  consists  in  a  slowly  or  rajudly  advancing  atrophy  (degen- 
erative atrophy)  of  the  nerve  elements  themselves,  which  has  no  in- 
'■".mmatory  character.     Numerous  facts  go  to  ahow^  that  the  visible 

L generation  generally  begins  in  the  terminal  lamificatious  of  the 
*iTon  (in  the  axis  cylinder  and  the  nerve  processes)  and  only  grad- 
ly  approaches  the  centre  of  the  neuron,  the  nen^e  cell  in  the  nar- 
^er  sense  of  the  word.     In  some  cases  the  nerve  cell  itself  may  also 
ish,  in  others  it  may  \ye  preserved  for  a  long  time.     Occasionally 
irocess  even  appeai-s  to  attai-k  the  ueiTe  cell  at  a  relatively  early 
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period,  before  its  peripheral  processes  have  degenerated.    The  Utter 
then  become  diseased  secoiidarilj. 

On  account  of  the  fact  just  mentioued  that  in  all  system  diseiMi 
the  neuron  itself  is  the  point  of  origiji  of  the  degeneration,  it  hashe«i 
recently  proposed  to  give  up  the  expression,  **  system  disease"  aadti> 
substitute  for  it  the  term  **  nenron  disease/'  I  cannot  regard  the  pn»- 
posed  change  a  happy  one,  for  since  the  nervous  system  in  generd, 
aside  from  the  interatitial  tissue,  is  composed  solely  of  neorous,  CTerr 
disease  of  the  nervous  organ  is  as  a  matter  of  conrse  a  'neairti 
disease/*  We  might  tlien  speak  of  "  primary  systematic  neuron  dl^ 
eases'*  in  contrast  with  the  diffuse  and  secondary  nenron  diseases, 
but  instead  of  this  we  use,  what  is  iu  reality  a  more  accuiste  ui 
suitable  name,  the  briefer  desiguatiou  "system  diseases." 

The  system  diaeasea  of  the  nerve  organs  are  divided  into  ampl* 
and  coml)iupd  system  diseases,  which  means  that  in  some  formfl  d 
such  disBfLse  only  one  nenron  system,  or  at  least  neuron  syslem*  d 
the  same  physiological  function,  are  atta^*ked;  in  others  serml 
neuron  systems  of  different  physiological  fuuctions.  It  is  necessartto 
add  this  hist  qualificatiou,  because  a  system  \s'liieh  is  physiologicJlj 
a  unit  may  consist  of  several  adjacent  neurons.  If  several  o(  soA 
neuron  systems  wliich  belong  together,  physiologically  speaking,  l«r 
come  diseased,  we  call  the  disease  generally  a  simple  not  a  combimal 
system  disease.  Thus,  for  example,  the  corticomuseular  paths coiisi^ 
as  is  known,  of  tw^o  groups  of  neurons,  of  which  the  first,  the  centiJ 
group,  extends  from  the  motor  I'egion  of  the  cerebral  cortex  t  ' 
spinal  cord,  aud  the  second  from  the  motor  ganglion  cells  of  flu 
cord  to  the  muscles.  If  these  two  related  neuron  grouj»s  I 
eiined,  an  is  the  c^se  in  amyotrophic  lateral  sclerosis,  we  CiUl  it  * 
simple  system  disease  (of  the  great  corticomuseular  conduction  ^ij^ 
tern).  It  is  different  w^ith  diseases  which,  for  example,  affect  sim^ 
taueousl\'  Hystems  of  the  posterior  aud  of  the  anterior  root  bmbi 
(combined  diseiuses  of  t!ie  jiosterior  and  lateral  coluransand  theliki) 
Here  there  is  a  simultaneous  implication  of  neuron  systems  of  qiul' 
*lifferent  physiological  significance  and  henoe  such  diseases  are  rigii^ 
calleil  i.'ombined  Hystem  diseases. 

S«  ime  HVHtem  diseases  occupy,  as  it  were,  an  intermediate  poaiti** 
tiibt*s  ilnmaliH  especially.     This  depends  essentially  upon  a  deijf 
atinu  of  the  centripetal  j^ripheral  neiuron  system  which  entecft 
spinal  curd  through  the  posterior  roots.     In  this  sense  it  oftabi^ 
garbled  as  a  nimple  Rvstem  disease.     But  the  peripheral  neorofi 
of  the  p(Jsterior  roots  is  much  more  comj>lex  in  its  physiologicil 
tions  than  that  of  the  anterior  roots.     In  the  posterior  roots  and 
cimtiDuations  run  fibres  which  subserve  th(   '       '*        ^^         **" 


HEREDITARY   ATAXIA. 


887 


coordination  of    movements,  and    innervation  of  the   bladder  and 

rectum.  Anfl  further  neuron  systems  are  also  very  often  diseiised  in 
tabeii  which  innervate  the  pupil  or  belong  to  the  optical  system 
(nerrus  opticuB),  etc.  Tabes  is  therefore  really  a  very  complexly 
combined  system  disease,  and  it  is  only  from  the  f>oint  of  view  of  the 
centripetal  conduction  of  all  the  affected  systems  that  we  are  able  to 
consider  tabes  as  a  simple  system  disease  or  a  part  of  the  gre^t  ceu- 
tri|jetal  conduction  system  wliich  [iroceeds  from  the  periphery  of  the 
body.  Because  of  this  eonceijtion  of  the  disease,  tal>es  will  not  be 
treated  of  in  this  article,  but  separately. 

If  we  omit  tabes,  there  remain  the  followin^^  forms  of  comlnued 
system  diseases  which  are  to  be  more  fully  discussed  in  the  following 
pages. 

I,  Endogenous  combined  system  diseases :  1,  Hereditary  or  faui- 
ilial  ataxia,  the  so-called  Friedreich's  disease;  2.  Hereditary  or 
familial  spastic  spinal  [taralysis. 

n.  The  exogenous  combined  system  diseases  of  the  posterior  and 
lateral  columns  of  the  spinal  cord. 


Hereditary  Ataxia  (Friedreich's  Disease), 

Hereditary  ataxia  occurs  with  special  frequenc\  in  brothers  and 
Bifiters,  whose  parents  or  other  ascendants  have  not  had  tlie  disease. 
It  is  comparatively  rarely  that  the  disease  is  found  in  membei-a  of  the 
same  family  in  different  generations,  in  which  event  it  is  fretiut-ntly 
Bot  quite  typically  developed.  Whether  an\'  esjiecial  external  mo- 
ments are  of  inlluence  n[JOu  the  origin  of  that  peculiar  congenitjd 
predisptMition  whicli  subsequently  manifests  itself  as  an  early  slow 
decay  of  certain  nenrou  systems,  we  do  not  know.  In  mnst  cases  Hw 
parents  of  children  wlio  have  Friedreich's  ataxia  appear  Ut  have  been 
perfectly  normal  and  heaithy.  But  it  has  lieeu  thought  that  especial 
weight  might  \ye.  given  to  certain  conditions,  such  as  blood  relati'niship 
of  the  parents,  unusual  difference  in  the  ages  of  tlie  two  ]>arPDtH, 
syphilis  or  alcoholism  in  one  of  them,  a  general  predisposition  to 
nervous  diseases,  and  the  like.  But  a  great  significance  should  not 
be  ascribed  to  any  of  these  conditions. 

The  reason  that  the  disease   occurs  far  more  frpquently  iu   the 
liers  and  sisters  of  a  family  than  by  horcHlity  in  different  genera- 
may  l>e  in  part  that  patients  with  Friedreich's  disoase  rarely 
[  know  a  patient  with  very  severe  Friedreich's  disease 
hose  children  as  yet  are  all  healthy. 

leans  think  that  the  disease  occurs  only  in 
H  which  are  quite  cliaracteristic  are  not 
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The  cardinal  symptom  of  Friedreich's  disease,  from  which  the 
disease  receives  its  name,  is  the  ataxia — a  common  ataxia,  a  disturb- 
ance of  the  coordination  of  movements,  just  such  as  occurs  in  tabes 
dorsaliSy  in  many  cases  of  multiple  sclerosis,  and  in  numerous  other 
diseases.  The  extent  and  degree  of  this  ataxia  are  its  characteristic 
features. 

The  ataxia  begins,  as  a  rule,  in  the  lower  extremities  and  in  the 
trunk;  whether  earlier  in  one  than  in  the  other  of  these  localities,  I 
am  unable  to  say.  It  is  almost  always  first  recognized  by  changes  in 
the  ability  to  stand  and  to  walk.  The  patients  lose  the  power  to 
stand  steadily,  and  acquire  an  uncertain,  tottering  gait.  If  a  patient 
with  Friedreich's  disease  is  required  to  stand  erect  and  motionless 
with  his  feet  close  together,  it  is  found  that  he  does  not  stand 
quietly  but  that  his  body  oscillates  more  or  less  (plastic  ataxia). 
If  the  disease  is  further  advanced,  the  patients  can  no  longer  stand 
at  all  with  feet  together  but  only  when  their  feet  are  wide  apart.  With 
further  progi*ess  of  the  disease  standing  at  all  is  impossible.  In 
order  that  tiie  body  as  it  sways  may  not  fall,  the  patients,  so  long  as 
they  are  able  to  stand  alone,  are  obliged  to  make  continually  correct- 
ing muscular  contractions.  If,  therefore,  an  unclothed  patient  with 
Friedreich's  ataxia  is  observed  while  standing,  coDtinuous  fine  con- 
tractions with  prominence  of  the  tendons  are  noticed  in  the  muscles 
of  the  legs,  esx)ecially  in  the  muscles  which  move  the  feet. 

When  the  patient's  eyes  are  shut,  in  my  own  experience  the  sway- 
ing of  the  body  is  as  a  rule  increased  (the  so-called  Komberg's  symp- 
tom). Other  observers  have  failed  to  find  this  phenomenon  in  Fried- 
reich's ataxia.  I  do  not  believe  that  there  are  any  fundamental 
differences  here.  The  majority  of  patients  who  suffer  with  ataxia  of 
the  legs  or  of  the  trunk  for  any  reason  become  accustomed  to  give 
their  movements  an  increased  degree  of  certainty  by  means  of  constant 
control  with  the  eyes.  Hence  it  is  noticed  that  most  patients  with 
Friedreich's  ataxia  as  a  rule  hold  their  heads  bent  forward  in  order 
to  follow  their  movements  with  the  eyes.  If  their  eyes  are  shut, 
this  control  is  lost  and  at  the  same  time  there  is  a  subjective  feeling  of 
anxiety  and  of  greater  insecurity,  and  the  oscillations  of  the  body  are 
increased  until  there  is  danger  of  the  patient's  falling.  There  has 
been  too  much  theorizing  ip  my  opinion  about  Komberg's  symptom 
in  general.  This  depends,  as  observations  in  Friedreich's  ataxia 
teach,  neither  upon  antesthesia  of  the  soles  nor  upon  a  disturbance  of 
the  muscular  sense,  but  is  simply  the  consequence  of  the  loss  of  the 
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control  from  the  sight,  wbicli  somewljat  ilimi Dished  the 

tioiiB  oi  all  ataxias*     The  degree  iu  which  Boiiibei|;'ei  sytni 

manifested  depeodfi  iijjon  the  degree  of  the  ata:iia  and  ui>oii 

vidua]  habit  of  the  patient  of  utilizing  his  sight  for  the  impr 

of  the  ataxia.  _ 

The  ataxia  dec*larB8  itBelf  as  distinctly  or  even  more  dirtifictlj  it 
walking  than  in  standing.     The  patient  gradually  bect>mee  mcirei 
more  tottering,  unsteady,  reeling  in  his  gait,  until  Anally  bn 
walk  at  all  without  the  asBistauce  of  others.     Even  the  fimi  < 
of  Friedreich's  disease  noticed  that  the  gait  of  hereditiiry  ataxic 
not  precisely  coiTespood  with  the  gait  of  moat  bibetic^i,  but  rather  ^ 
that  of  patients  with  cerel>ellar  affections  (**  cerebellar  ataxia**), 
difference  consistfl  in  this,  that  the  taljetic  hae  generally  the  ] 
walking  in  a  straight  line»  but  tlie  movemeutB  of  his  li»gH  in  wi 
resemble  flings  and  kicks.     The  movements  of  the  leg^  are  ataxii?  y 
the  trunk  is  carried  firmly  and  securely  upon  the  ihiglis.     In 
reich*s  ataxia^ and  this  is  in  fact  very  characteristic  of  it — the  i 
of  the  legs  is  from  the  first  combined  with  ataxia  of  tlie  trunk. 
the  patient's  whole  b<xly  reels  and  sways  as  he  walks.     Hia  gait  \ 
sembles  that  of  a  severely  intoxicated  person. 

At  the  same  time  the  movements  of  the  legs  themselveaam  j 
as  can  lie  seen,  if  the  patient  is  examined  in  bed  and  is  fi^aired^ 
perfr>nn  the  knee-heel  test  (touching  one  knee  with  the  heel  of 
other  foot)  or  other  complicated  movements  with  the  legs.     Bat 
fact  is  above  all  characteristic  for  Friedreich's  ataxia  thai  the 
very  soon  makes  its  appeiinvnce  in  the  upper  extremities.     Hooee , 
the  more  complex  movements  of  the  hands  (sewing,  writing,  < 
etc.)  become  more  and  more  ditlieult  and  finally  impossible. 
patient  is  asked»  his  arms  being  extended,  to  bring  his  index  ! 
together,  or  to  t^)ueh  with  the  finger  objects  which  are  held 
him,  the  ataxia  Ijei^onm'^  most  distinctly  apparent. 

In  general,  the  ataxia  first  shows  itself  in  the  trunk  auil  in 
lower  extremitie^H  and  only  subseriuently  involves  the  arms.     But  i 
occur  in  which  the  unsteadiness  becomes  ap])arent  in  the  anna 
earlier  time  than  in  the  legs. 

Beeides  the  ataxia  two  other  symptoms  are  to  be  mentioned  i 
Friedreich  himself  regarded  as  other  special  1oc*alizatia[Uf  of  the  i 
Tia,,  disturbances  of  spe^^^h  and  nystagmus.     The  diaturbaiiOQi] 
speech  are  supposed  to  dejiend  uprm  an  ataxia  of  the  apeech  m« 
and  the  nystagmus  upon  an  ataxia  of  the  eye  muselea. 
view  is  correct,  further  investigation  will  decide,  if  it  acquainla  \ 
the  as  yet  entirely  unknown  anatomiciil  basf  s  of  theae  two  8jrtii| 

The  speech  disturbances  appear  almost  alwaya  only  in 
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advanoed  stages  of  the  disease.  Sometimes  they  may  be  entirely  ab- 
sent or  very  slightly  apparent.  The  speech  becomes  slower,  some- 
times scanning,  the  articulation  indistinct  and  confused,  the  modula- 
tion of  the  voice  monotonous.  Some  syllables  are  uttered  rapidly, 
others  are  much  prolonged. 

The  nystagmus  also  first  appears  after  long  duration  of  the  dis- 
ease. It  manifests  itself  not  only  during  the  movements  of  the  eye, 
bat  also  during  the  (especially  lateral)  fixation  of  an  object.  Accord- 
ing to  my  own  experience  nystagmus  is  rare  and  certainly  not  char- 
acteristic of  the  disease.  In  cases  in  which  it  is  not  detected,  it  is  said 
that  it  may  be  produced,  if  the  patients  are  caused  to  revolve  pas- 
sively a  few  times  about  the  axis  of  their  own  bodies.  This  phenome- 
non has  not  been  observed  in  my  patients. 

As  a  rule,  the  power  of  the  muscles  is  completely  preserved  for 
many  years.  Even  with  the  most  marked  ataxia,  as  in  the  tabetic, 
there  is  often  no  evidence  of  true  muscular  paresis.  But  if  the  dis- 
ease continues  to  advance  a  decided  weakness  (paresis)  of  the  mus- 
cles, especially  of  the  legs,  does  finally  develop.  The  movements 
become  feeble  and  are  more  readily  checked  by  passive  resistance. 
Hence  the  gait  of  the  patient  now  assumes  a  somewhat  different  char- 
acter; it  becomes  ataxic-paretic,  the  knees  give  way  easily  and  the 
legs  are  dragged  in  walking.  Walking  now  often  becomes  impoHsible. 
Whether  a  true  paralysis  (paraplegia)  ever  results  in  Friedreich's 
disease,  I  do  not  know.  As  a  rule,  the  process  does  not  advance  be- 
yond a  simple  paresis. 

Paralyses  within  the  region  of  the  cerebral  nerves  (eye  museleii, 
etc.)  have  as  yet  not  been  observed  in  liereditary  ataxia. 

The  nutrition  and  the  volume  of  the  musculature  remain  com- 
pletely normal  for  a  long  time,  as  well  as  the  electrical  excitability. 
It  is  worthy  of  note  that  many  patients  have  always  had  a  weak, 
poorly  developed  musculature.  I  have  been  especially  struck  by  the 
deficient  development  of  the  leg  muscles.  As  we  shall  see  farther  on, 
pronounced  muscular  atrophy  may  be  combined  with  hereditary  ataxia. 
In  one  of  my  cases  the  great,  certainly  congenital,  thinness  of  the 
toes  was  noticeable. 

The  tonus  of  the  muscles,  in  general,  is  not  so  diminished  as  in 
tabes.  Passive  movements  not  infrequently  encounter  a  cerbiin  mus- 
cular resistance,  but  contractures  do  not  generally  occur.  But  a 
marked  position  of  hyi)erextension  in  the  greiit  toe  and  occasionally 
also  in  the  other  toes  is  often  noticed.  The  development  of  clubfoot 
— by  no  means  a  common  complication — is  probably  always  connected 
with  paresis  and  atrophy  of  the  peroneal  museles.  In  this  connection 
it  may  also  be  remarked  that  the  spinal  column  shows  remarkably 
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i8r>kted  cases  only. 

The  examination  of  the  reflexes  is  of  great  importance.  Wliilai* 
cutaneous  reflexes  of  the  soles  of  the  feet  are  ge&erally  perfectly  n»* 
mal  (the  cremuHter  reflex  and  the  abdominal- wall  reflex  I  haw  bai 
in  i^art  normal,  in  [*art  indistinct)  the  tendon  reflexes  are  entirelTA- 
sent.  Next  to  the  ataxia  the  exiinction  of  the  patellar  reflex  in  ^ 
pecial  iH  the  immi  important  and  most  constant  symptom  of  thsfr 
eiiHB  and  also  one  that  appears  at  a  very  early  age.  On  the  o4ff 
hand,  in  contrast  with  tabes,  reflex  iridoplegia  is  practicaDy  om 
Been.  - 

The  vei^ical  and  rectal  fimctiona  remain  unaffected  even  intteii' 
vanced  cases,  again  a  very  striking  contrast  to  tabes.     The  psjcii^] 
funetirins  nf  the  |mtieuts  in    the  ordinary  cases  baidlj 
ijiaterial  cliange.     Yet  a  certain  mental  dulness  is  sometiniei 
in  advanced  cases. 

Uncommon  and  Complicated  Forms  of  HeredUaary  AiaxiL 

As  we  have  seen,  Friedreich's  disease  m  only 
of  that  |:;reat  gnjup  of  diseases  which  may  be  c 
the  name  of  "  hereditary  system  diseases,"     T 
uniod  the  tyi>ical  form  of  Friedreich's 
T^irture  eons  in  ts  essentially  i^* 
ii\\  itliHenL'e  of  tlie  patellar  ^ 
iuiil  nuiHCuIar paresis.     Bi 
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itary  nervous  disease  nervous  disturbances  occasionally  appear  in  other 
regions  also,  which  likewise  depend  upon  an  abnormal  hereditary  pre- 
disposition of  certain  parts  of  the  nervous  system.  There  are  nu- 
merous other  hereditary  nervous  diseases  besides  Friedreich's  disease, 
and  it  is  consequently  quite  clear  that  Friedreich's  disease  might 
occasionally  be  combined  with  other  symptom  complexes,  which  in 
their  turn  are  peculiar  to  certain  other  forms  of  hereditary  nervous 
disease.  Thus,  for  example,  cases  have  been  observed  in  which  the 
symptom  complex  of  Friedreich's  disease  was  combined  with  progres- 
sive muscular  atrophy  (that  typically  hereditary  or  familial  affection). 
The  '^  peroneal  type"  of  progressive  muscular  atrophy  appears  with 
especial  frequency  in  conjunction  with  hereditary  ataxia  and  then  leads 
to  the  formation  of  a  clubfoot,  as  already  mentioned.  The  atrophy 
of  the  muscles  about  the  shoulder,  corresponding  to  ''Erb's  juvenile 
*yp©>"  bas  also  been  observed.  In  other  cases  i)eculiar  irritative 
motor  phenomena,  choreic  movements  and  tremor,  have  been  met 
with,  symptoms  which  probably  are  related  to  the  hereditary  choreic 
and  tremor  affections.  Marked  spastic  phenomena  with  abolition  of 
the  tendon  reflexes,  atrophy  of  the  optic  nerve,  dementia,  etc.,  have 
also  occasionally  been  found  in  connection  with  other  symptoms 
which  correspond  completely  with  Friedreich's  disease.  All  these 
observations  warn  us  against  too  schematic  conceptions  of  Fried- 
reich's ataxia.  It  is  really  much  more  strange  that  so  many  entirely 
similar  "  typical"  cases  actually  occur,  than  that  deviations  from  the 
type  and  transitions  to  other  types  of  hereditary  nervous  affections 
are  so  frequently  found.  We  believe  then  that  if  the  subject  be 
viewed  from  a  general  standpoint  no  especial  difficulties  will  be  pre- 
sented by  the  variations  in  the  symptoms  of  the  individual  cases. 

Course  and  Prognosis. 

As  to  the  general  course  of  Friedeich's  disease  we  have  little  to 
add  to  that  which  has  already  been  said.  The  further  course  of  the 
affection  is  chronic  like  its  beginnings,  and  a  duration  of  ten  to 
twenty  years  is  not  exceptional.  Marked  variations,  especially  im- 
provement and  remissions  of  the  disease,  hardly  occur  except  per- 
haps slight  transitory  improvements,  which  generally  are  to  \yo 
ascribed  to  more  complete  rest  or  better  care  and  nourishment  of 
the  patients.  We  can  si)eak  more  correctly,  however,  of  temporary 
periods  of  arrest  of  the  disease.  At  least  I  know  of  caseji  in  whicli 
careful  investigation  detected  no  clearly  perceptible  change  in  the 
manifestations  of  the  disease  after  intervals  of  one  or  two  years. 
Nevertheless  the  course  of  the  disease  in  general  is  steadily  progres- 
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tion  of  the  lateral  pyramidal  tract.  When  the  anterior  pyramidal 
tract  is  present,  this  is  also  implicated.  The  so-called  fasciculus  of 
Gbwers  (anterolateral  ascending  tract)  appears  as  a  rule  to  be  simul- 
taneously affected*  The  gray  anterior  comua  and  the  other  por- 
tions of  the  spinal  cord  remain  normal.  On  the  other  hand,  the  cells 
of  Clarke's  columns  from  which  the  fibres  of  the  direct  cerebellar 
tracts  arise  are  found  to  be  atrophied. 

The  posterior  roots  are  distinctly  atrophied  and  the  number  of 
their  fibres  is  diminished.  The  anterior  roots  are  normal.  As  to 
the  condition  of  the  spinal  ganglia  nothing  definite  is  as  yet  known, 
nor  have  we  knowledge,  which  is  greatly  to  be  desired,  of  the  condi- 
tion of  the  x>eripheral  nerves.  The  brain  is  essentially  normal.  Es- 
pecially are  there  found  no  striking  abnormalities  in  the  cerebellum 
in  genuine  Friedreich's  disease. 

The  changes,  then,  which  may  be  at  present  accepted  as  certain, 
are  marked  degeneration  of  the  fibres  of  the  posterior  columns  and 
of  the  direct  cerebellar  tracts,  and  generally  a  slighter  degeneration 
of  the  pyramidal  tracts.  It  will  be  seen  that  these  anatomical  find- 
ings agree  well  in  general  with  the  two  chief  clinical  symptoms  of  the 
disease.  The  ataxia,  so  far  as  it  affects  the  trunk,  certainly  depends 
upon  the  disease  of  the  posterior  columns,  perhaps  also  upon  that  of 
the  direct  cerebellar  tracts.  The  paresis,  later  in  development,  is  the 
result  of  the  implication  of  the  pyramidal  tracts.  The  whole  clinical 
course  of  the  disease  proves  that  the  affection  of  the  posterior  col- 
umns always  long  precedes  that  of  the  pyramidal  tracts.  For  symp- 
toms due  to  the  posterior  columns  alone  are  present  for  a  long  time 
(ataxia,  absence  of  the  patellar  reflex),  and  it  might  be  possible  that, 
if  »  case  of  Friedreich's  disease  accidentally  came  to  autopsy  at  a 
very  early  period,  no  degeneration  of  the  pyramidal  tracts  would  be 
found. 

The  fact  is  surprising  and  at  the  first  glance  almost  unintelligible 
that  in  Friedreich's  disease,  notwithstanding  the  often  very  extensive 
disease  of  the  x>osterior  columns,  disturbances  of  the  sensibility  of  the 
skin  and  of  the  deeper  tissues  are  practically  entirely  absent.  This 
physiologically  very  impoi-tant  fact  can  only  be  explained  provision- 
ally by  the  assumption  that  the  fibres  devoted  to  the  conduction 
of  sensory  impressions  to  the  brain  for  the  most  part  do  not  run 
through  the  posterior  columns,  but  enter  at  once  into  the  gray  mat- 
ter of  the  posterior  comua  and  then  pursue  their  further  course  in 
the  lateral  columns.  Attention  is  to  be  directed  in  this  connection  to 
the  fact  that  Lissauer's  zone  is  not  implicated.  The  centripetal  fibres 
of  the  posterior  columns  must  consequently  have  chiefly  coordinating 
functions.    Just  as  remarkable  is  the  absence  of  disturbances  of  the 
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blfidder  aud  rectum.  With  regard  to  thia  point,  a  careful  compmicm 
of  the  anatomical  findings  of  tabee  with  those  of  Friedreich's  diMiit 
might  bring  to  light  important  facts. 

We  have  no  knowledge  whatever  of  the  anatomical  basis  o(  tlM 
other  rarer  symptoms  of  Friedreich's  disease,  especially  the  difllari>> 
ances  of  speech  and  the  nystagmus. 

DiAeNOSIB. 

The  diagnosis  of  atypical  ease  of  Friedreich's  diseaae  is  not,  ai 
a  mlej  of  the  slightest  difficulty  to  the  experienced.  The  appeaisnoe 
of  the  symptoms  in  early  youth,  or  perhaps  in  other  membeiB  of  thi 
family,  the  ataxia  of  all  the  extremities  and  of  the  trunk  with  afaseocB 
of  patellar  reflexes  but  with  normal  sensibility^  of  the  skin  and  Hat 
deeper  parts — all  these  are  such  striking  phenomena  that  they  can 
hardly  fail  to  be  recognized.  Friedreich's  ataxia  is  distiiigiuilied 
from  hibes  dorsalis  in  especial  by  the  absence  of  liiocinating  pains^ 
of  disturbances  of  sensibility,  of  bladder  symptoms,  and  of  reflei  iri* 
doplegia,  I  have  never  known  any  difficulties  to  arise  in  the  differ* 
ential  dia^^nosis  between  tabes  and  hereditary  ataxia. 

Multiple  sclerosis  may  sometimes  require  consideration  in  the 
diagnosis.  The  ataxia  of  the  extremities  together  with  absence  of  all 
distnrlmnces  of  sensibility  which  occur  in  this  disease  may  produci 
a  clinical  picture  which  at  the  first  glance  resembles  Friedreich* 
disease.  But  the  ataxia  of  the  trunk,  which  is  generally  much  more 
pronounced  in  the  latter  disease,  and  the  absenc-e  of  the  teata 
reflexes,  in  contrast  with  the  spastic  phenomena,  which  are  hiidlf 
ever  wautiug  in  multiple  sclerosis,  make  the  distinction  easy*  Tht 
gait  of  Friedreich's  disease  is  reeling-ataxic ;  the  gait  of  patients  wilh 
multi[jle  sclerosis  is  apastic-ataxic*  Certain  symptoms  ai«  rery  oltai 
found  in  multii>le  sclerosis  which  are  characteristic  of  it»  botwUdi 
are  almost  always  absent  in  Friedreich's  disease  (epileptiform  attacb 
and  other  cerebral  symptoms,  paralysis  of  the  eye  muscles,  atiophj  rf 
the  optic  nerve,  the  early  appearance  of  scanning  speech,  etc.). 

It  is  of  importance  to  discriminate  Friedreich's  disease  from  flu 
ao-called  "  hereditary  cerebellar  ataxia/*  which  latter  is  chiefly  due  to 
a  progressive  atrophy  of  the  cerebellura.     In  tliis  there 
iog  gait  and  a  progressive  ataxia  of  the  extremitiea, 
muscular  force  remaining  normal*     Cerebellar  ataxia, 
familial  disease,  is  distinguished  from  Friedreich's  diai 
tlif^  increitse  in  the  tendon  reflexas.     On  the  other  hai 
not  be  overlooked  that  the  two  affections,  being  lx)th 
manifestations  of  hereditary  system  disease,  are  of 
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may  therefore  have  certain  lelatioiig  to  on©  another.  Cerebellar  and 
epinal  hareditary  ataxia  on  the  one  hand  might  be  compared  in  a  cer* 
tain  sense  with  spinal  and  neurotic  mnscular  atrophy  on  the  other. 
Bnt  with  reference  to  cerebellar  ataxia,  further  thorough  anatomical 
investigations  are  much  needed. 

'  Treatment. 

Since  Friedreich's  disease  is  due  to  an  abnormal  condition  of  tbe^ 

nervous  system  which  cannot  be  changed,  the  possibility  of  influeno- 

IiDg  the  disease  therapeutically  is  unfortunately  small.  If  the  predis- 
position to  the  disease  exists  in  a  family  an  endeavor  should  be  made 
on  the  one  hand  to  strengthen  the  children  who  are  not  yet  affected, 
and  on  the  other  to  shield  them  from  overexertion.  Esi>ecially  is- 
excessive  bodily  exercise  to  lie  avoided. 

When  the  disease  is  already  present,  general  hygienic  and  dietetic 
measures  are  still  of  chief  importance — nourishing  food,  good  air, 
and  avoidance  of  overexertion.  Mild  hydrotherapy  (rubbing  with 
cold  water,  lukewarm  baths,  douches,  and  the  like)  may  also  be  tried, 
likewise  electrical  treatment  at  intervals^ — galvanization  along  the 
spinal  column  and  gah^anizatiou  and  faradization  of  the  muscles  and 
nerves,  especially  if  paresis  m  preHeut. 

A  certain,  but  of  course  not  great,  benefit  is  sometimes  obtained 
by  the  so-called  "*  exercise  treatment,"  i.e.,  by  the  methodical  exercise 
of  the  ataxic  extremities  by  prescri!>e(l  movements.  Further  partic- 
ulars as  to  this  method  (which  was  introduced  hy  Frenkel  in  the  treat- 
ment of  tabes  dorsalis)  are  to  be  found  in  the  article  which  treats  of 
that  disease. 

It  may  be  doubted  whether  drugs  have  any  influence  upon  the 
course  of  Friedreich's  disease.  Nevertheless  nitrate  of  silver,  ergotin, 
arsenic,  strychnine,  etc.,  may  l>e  tiied  from  time  to  time.  For  the 
symptomatic  treatment  various  medicines  (tonicH,  iron,  j)reparations 
of  quinine,  etc.)  are  frecfuently  employed. 

In  the  last  stages  of  the  disease  the  jJivnifian  will  l>o  obliged  to 
confine  himself  to  a  symptomatic  treatment  of  the  individual  symp- 
toms and  to  securing  the  patient  as  good  nursing  as  possible. 

Hereditary  Spastic  Spinal  Paralysis, 

Hereditary  spastic  spinal  paralysis  is  a  disease  which  has  become 

all  known  only  in  recent  years.     The  number  of  clinical  oteerva- 

ons  and,  still  more,  the  nnnd>er  of  autopsies  are  therefore  as  yet  far 

ifUO  small  to  permit  at  ijresent  a  complete  and  comprehensive  descrip- 
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tion  of  tlie  disease.     Nevertheless  it  is  possible  to  afi&rm  even 
that  it  representa  an  ©special  form  of  hereditary  system  diseaae. 

It  is  very  importaut  to  distingoiish  at  the  outset  congemtal  8p 
paralysis  from  the  family  form  of  the  disease  wliich  deyelops  in  lite 
life.  OoBgemtal  spastic  paralysis  is  due  to  developmental  abuonnal- 
ities  of  the  nervous  system,  for  the  most  part  an  arrest  of  deTeloj^ 
meiit  of  the  chief  motor  tracts  (so-called  agenesis  of  the  pyiBmidit 
tracts).     This  condition  yviU  not  further  concern  us  here. 

The  only  form  of  spastic  spinal  paralysis  which  we  shall  discos 
here  develops  slowly  and  gradually  in  individuals  who  were  pwn- 
ously  apparently  healthy  and  had  normal  powers  of  locomotion 
Without  any  demonstrable  extenial  cause  a  peculiar  difficulty  in  mor- 
ing  the  legs  apjjears  which  may  gradually  incre^ase  to  a  very  highde* 
gree.  The  age  at  which  the  first  cHnical  manifestations  maketliar 
appearance  may  vary  greatly.  But  the  fact  is  sinj^lar  that  tb&fnl 
symptoms  are  not  infrequenOy  detected  in  the  third  or  fourth  deeds 
of  life.  But  here  as  well  as  in  Friedreich's  disease  the  more  cudi 
the  investigation  the  earlier  will  the  beginnings  of  the  affeciiaii  h 
found  to  have  appeared.  It  is  certain  that  in  a  few  eases  the  Ssem 
begins  in  early  youth  (in  the  tenth  to  the  fifteenth  year). 

It  generally  occurs  as  a  familial  disease,  and  is  sometiiDes  «bo 
hereditary.  This  strange  malady  j  then,  attacks  several  brothers  tod 
sisters  or  several  members  of  the  same  family  belonging  to  diffocDt 
generations.  It  cannot  yet  be  determined  w^hether  there  is  any  iiotk*- 
able  difference  in  the  liability  of  the  two  sexes.  According  ta  ftfi 
observations  at  present  available,  the  male  sex  seems  to  be  more  b^ 
qnently  attacked  than  the  female  sex. 

Hereditary  spastic  spinal  iiaralysis,  Hke  Friedreich's  diseaee^  wnf 
prol)al)lv  occur  occasionally  in  quite  isolated  cases  (in  only  one  njea- 
ber  of  a  familji').  But  the  oljservations  are  as  yet  insufficient  to  «f- 
tainly  decide  this  point. 

Nor  do  we  as  yet  know  what  the  influence  of  accidental  cah 
factors  ma}'  be,  altliougli  it  will  probably  be  found  that  they  betftiii 
same  relation  to  this  disease  as  they  do  to  hereditary  ataida, 

SYMrrOMS  AXD   COUBSE. 

TliB  symptoms  almost  always,  it  seems,  appear  firs^ 
the  mnvemoDts  of  which  become  more  stiff  and  laborioti 
gradually  acquires  all  those  peculiarities  which  eharactt 
spastic  gait.  Examining  the  legs  more  closely,  we  find  &< 
Bvmptoms  a  heightened  muscular  tonus  and  an  increase 
reflexes.  The  muscles  feel  rigid,  passive  movement  is 
It  
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by  instanUBeoufl   maiscular  resistAnce,  and  finallj  bocomes  almost 
impossible.     The  patellar  reflex  is  marked;   conspicuous  fibrillary 
■•©ontraetioiis  are  very  easily  |)roduced.     At  tbe  same  time  tlie  nutri- 
Ifion  of  the  muscles  is  quite  normal,  and  Bensibility  is  not  affected. 
[TLere  is  no  ataxia,  nor  are  there  any  tlisturbances  of  the  bladder,  of 
Iflie  mind,  of  the  medulla  oblongata,  or  of  speech,  and  (upon  this  I 
i"wisli  to  lay  especial  Btress)  the  power  of  the  muscleSj  as  a  iiile,  re- 
mains normal  for  a  long  time.     The  aifeetion  does  not,  therefore, 
[lead  at  once  to  a  paresis  of  the  musdes  but  only  to  purely  *"  spastic" 
^plieDomena  without    simiiltaneouB    diminution   in   muscular    force. 
[Hence,  notwithstanding  their  spastic  gait,  the  ]»Mtieots  may  some- 
I  times  walk  for  hours  without  fatigue.     And  even  in  the  later  stages, 
[when  the  gait  is  becoming  more  and  more  labored,  when  finally  tlie 
patients  can  ad%'ance  only  by  small,  stiff  steps,  the  leg  muscles  under 
[such  tension  that  they  are  as  "hard  as  boards,"   the  feet  almost 
^  glued"  to  the  ground,  it  is  found  on  careful  examination  that  the 
Fcliief  cause  of  this  is  the  muscular  rigidity,  true  muscular  paresis 
ibeing  present  only  to  a  slight  degree.     The  condition  is  found  to 
'differ  from  this  just  described  only  iu  the  last  stage  of  the  disease  or 
in  a  few  special  cases. 

The  course  of  the  disease  is  always  very  slow.  Years  may  jiass, 
during  whit-h  the  patients  are  still  able  to  work  to  a  certain  extent, 
Binca,  aside  from  their  singular  stiflF  gait,  tliey  have  really  no  symiJ* 
toms.  The  arms  especially  retain  comitletely  for  a  loug  time  their 
normal  power  of  movement,  aud  only  a  slight  increase  in  the  tendon 
reflexes  is  noticeable  in  them.  Bladder  disturbances  almost  never 
occur,  or  at  least  iu  only  a  slight  degree.  The  nutrition  and  the 
electrical  excitability  of  the  rigid  muscles  remain  normal.  The  sensi* 
bill ty  finally  manifests  generally  quite  slight  almormalities,  which 
can  only  be  demonstrated  in  the  feet  or  legs  by  close  examination. 
These  are  for  the  most  part  odIv  quite  slight  alterations  of  the  sense 
of  temperature,  of  touch,  and  the  like. 

Tlie  helxrfessness  of  the  patients  becomes  extreme  only  when  walk- 
ing has  become  very  difficult  and  when  even  in  the  sitting  posture  the 
muscular  rigidity  and  the  frequent  clonic  tremors  (a  simple  result  of 
the  enormously  increased  tendon  reflexes)  have  become  annoying. 
No  improvement  iu  this  condition  cau  occur.  Death  ensues  from 
some  intercurTent  disease  or  from  general  marasmus. 
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Pathological  Anatomy^ 

So  far  as  the  as  yet  scanty  anatomical  facts  x>erinit  an  opisuNv 
the  chief  anatomical  lesion  consista  in  a  very  slowly  advanciiigdiiitt- 
eration  of  a  tract  in  the  vicinity  of  the  lateral  pyramidal  tract  Ik 
chief  fibres  of  the  lateral  pyramidal  tract  itself  appear  long  to  remain 
intact,  to  which  the  clinical  fact  also  j>oint8  that  true  paresis  is  eo  late 
in  its  appearance.  The  principal  change  most  be  xuidergone  by  ihm 
fasciculi  or  those  fibres  to  which  a  reflex  inJiibitory  function  is  to  he 
ascribed,  the  loss  of  which  consequently  causes  the  eharacteiislie  in- 
crease of  the  muscle  tonus  and  of  the  tendon  reflexes.  The  degciM^ 
ation  in  the  vicinity  of  the  lateral  pyramidal  tracts  is  most  distbdiB 
the  lumbar  cord,  diminiahing  towards  the  cervical  cord.  How  far 
upwards  it  may  be  followed  further  investigation  must  show.  B^ 
sides  the  degeneration  in  the  lateral  pyramidal  tracts  a  slight  d£g6>- 
eration  of  GoU's  columns  and  of  the  direct  cerebellar  tractB  is  ibo 
found.  We  do  not  yet  know  whether  th^e  changes  are  of  anj  cofc* 
siderable  clinical  importance.  The  cells  in  the  gray  matter  of  tb 
anterior  cornua  are  normal. 

Tbeatment. 

As  follows  from  what  has  been  said,  the  treatment  can  onlyl* 
symptomatic.  Simple  warm  baths  are  of  the  most  service.  The 
effect  of  weak,  stabile  galvanic  currents  (cathode  tipon  the  spine,  aaoi 
upon  the  rauacle^)  may  be  tried.  Little  is  to  be  expected  of  inisad 
remedies  (arsenic,  bromine,  etc.).  Tlie  symptomatic  treatmant  ii 
governed  by  the  special  individual  indicatioES. 

Secondary  System  Diseases. 

We  have  finally  to  consider  briefly  the  combined  system  disetfH 
in  the  lateral  and  posterior  columns  of  the  spinal  cord  which  are  dne 
to  exogenous  causes,  especially  syphilis,  poisons,  severe 
tioual  affections,  and  pernicious  anaemia. 

The  SequeloB  of  Sifphilw. 

A  small  numlier  of  observations  makes  it  seem  pr 
voiifi  jiflections  may  develop  as  the  result  of  syphilis  i 
trasfc  with  tabes  dorsalis,  the  degeneration  is  loca 
chiefly  iu  the  lateral  columns  (lateral  pyramidal  tn 
only  to  a  slighter  extent  and  at  a  later  time  parts 
columns  (columns  of  Goll)  and  the  direct  cerebellai 
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plele  piotnre  of  this  form  of  postsyphilitic  disease  cannot  be  given  as 
yety  bnt  the  condition  is  essentially  a  slowly  developing  spastic  psjmr 
plegia  of  the  legs  without  any  considerable  distorbances  of  sensibility 
and  with  generally  only  slight  vesical  disorders. 

The  recognition  of  this  condition  during  the  life  of  the  patient  is 
as  yet  very  uncertain.  The  disease  may  be  suspected  from  the  eti- 
ology (previous  syphilitic  infection),  the  absence  of  heredity,  and  the 
on  tiie  whole  somewhat  more  rapid  course  in  contrast  with  the  fa- 
milial form  of  spastic  spinal  paralysis;  on  the  other  hand,  the  so- 
called  syphilitic  spastic  spinal  jiaralysis  of  Erb,  which  is  due  to 
syphilitic  dorsal  myelitis,  is  even  more  acute  in  its  beginnings. 

But  much  more  knowledge  must  be  acquired  before  we  can  give  an 
accurate  description  of  this  form  of  combined  system  disease. 

Toadc  System  Diseases. 

The  affections  of  the  spinal  cord  in  lathyrism  and  in  pellagra, 
which  have  only  recentiy  been  well  studied,  belong  in  part  here.  The 
careful  anatomical  investigations  of  Tuczek  have  proved  with  cer- 
tainty the  occurrence  of  combined  system  diseases  in  the  spinal  cord 
in  the  latter  disease  esi)ecially.  In  lathyrism  and  in  pellagra  the 
clinical  spinal  symptoms  also  appear  essentially  as  a  spastic  pseudo- 
paralysis (t.6.,  impeded  locomotion,  increase  of  muscle  tonus  and  of 
tendon  reflexes)  or  spastic  paraplegia. 

Combined  System  Diseases  in  Severe  Constihitional  Affections, 
Especially  Pernicious  Ancemia. 

In  examining  the  spinal  cord  of  patients  who  have  died  of  perni- 
cious an»mia,  aside  from  diffuse  changes  and  hemorrhages,  fascicular 
changes  are  also  found  in  the  posterior  and  lateral  columns  which  are 
to  be  regarded  as  systematic  degenerations.  The  cause  of  these 
spinal  changes  is  probably  to  be  sought  particularly  in  toxic  influ- 
ences which  have  developed  in  the  body  of  the  patient. 

The  clinical  importance  of  these  combined  affections  of  the  tracts 
of  the  spinal  cord  is  not  great,  since  the  spinal  symptoms,  if  noticed, 
are  quite  overshadowed  by  the  severer  manifestations  of  the  principal 
disease.  Nevertheless  we  should  make  it  a  rule  in  severe  anaemia 
(pernicious  ansemia,  leukaemia,  etc.)  to  examine  into  the  condition  of 
the  nervous  system.  If  unmistakable  spinal  symptoms  (absence  or 
exaggeration  of  the  tendon  reflexes,  paresis  of  the  legs,  slight  disturb- 
ances of  sensibility,  and  the  like)  are  found,  we  may  infer  with  toler- 
able certainty  the  presence  of  the  above-described  anatomical  changes 
in  the  spinal  cord. 

Besides  the  three  groups  of  combined  system  diseases  of  exoge- 
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The  present  contribution  undertakes  an  examiuation  of  the  phe- 
nomena of  pain  chieflj  from  the  point  of  view  of  the  Bcience  of 
psychology.  The  form  and  content  of  the  presentation  of  the  sub- 
ject, however,  have  been  determined  in  part  by  the  eircnmatance  that 
those  for  whom  it  is  iotendetl  are  members  of  the  medical  profesBion* 
Although  mj  consideration  of  pain  must  depart  somewhat  from 
the  plan  that  would  have  been  adopted  by  the  clinician,  for  whom 
pain  exists  chiefly  as  a  symptom  of  disease,  still  the  problem  of  the 
genesis  of  pain  and  of  its  relation  to  other  mental  conditions  and  to 
neural  processes  is  common  ground.  Clinical  evidence  cannot  be 
ignored  by  the  psychologist,  nor  ought  the  physician  to  overlook  the 
facts  and  theory  of  psychology.  The  attitude  of  psychology  toward 
the  nature  ^  and  origin  of  pain  as  a  mental  state  must  influence, 
directly  or  indirectly,  the  consideration  accorded  it  as  a  condition  of 
the  sentient  human  organism  hy  neurologists,  physiologist,  and 
practitioners  of  metlicine.  The  notion  that  pain  is  a  "purely  subjec- 
tive condition,"  a  "feeling,"  **a  state  of  mind  without  any  physical 
basis  in  the  body,"  may  modify  the  attitude  of  a  physician  even  in 
treating  the  simpler  ailments  of  mankind.  How  much  more  may  we 
expect  the  attitude  of  the  neurological  clinician  towards  pain  to  modify 
bis  views  of  the  localization  and  causation  of  a  disorder  which  may 
present  pain  disturbances  as  the  most  important  symptoms!  Thus 
we  find  StaiT  treating  an  "hysterical  pain"  by  hypnotic  suggestion, 
and  maintaiuiiig  it  to  lje  "  Hubconscious,  subjective,  mental,  without 
any  physical  basis,"  an  opinion  which  has  its  roots  in  ** rational 
psychology,"  finds  modern  representation  in  Janet's  welbeonsidered 
tlieories  of  psychic  automatisms,  and  imns  riot  in  Myers'  notion  of 
hysteria  as  a  disease  of  the  subconscious  self. 

Psychology  in  truth  has  been  far  from  unequivocal  in  its  con- 
sideration of  pain.  Many  instances  could  be  cited  where  tlie  same 
anthority  has  now  called  it  a  sensation,  while  anon  classing  it,  in  the 
light  of  theoretical  speculation,  with  tlie  "Hnbjective  mental  states'* 
or  "feelings."  But  on  the  whole,  traditional  psychology  may  be 
said  to  regard  pain  as  a  feeling — i.e.,  a  purely  mental  state  or  condi- 
tion, with  or,  more  frequently,  without  a  physical  basis  in  the  nervous 
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system.  That  8ueli  speculative  considerations  are  likely  to  mo 
tlie  views  of  physicians  is  evidenced  by  the  fact  that  While  qn 
Ziehen  to  the  effect  that  **  pain  is  not  a  sensation  but  a  feeling-tooe*? 
and  Dana,  to  whose  point  of  view  I  have  had  occasion  to  refer  in  an 
earlier  article  on  this  same  subject,  maintains  that  **  psychologists 
seem  to  have  come  to  the  conclusion  that  x>ain  is  not  a  sensation  but 
a  form  of  feeling,  and  that  in  attemptiog  to  locate  pain  tracts  ire  wot 
pursuing  a  'will  o'  the  wisp/  "  Another  illustration  of  the  inflnen* 
of  psychological  theories  is  found  in  the  phrenology  of  GdH  ui 
Spuizheim,  whose  errors  are  more  directly  traceable  to  a  fiwdtr 
psychology  than  to  ignorance  of  anatomy  and  physiology. 

The  **  new  phrenology,"  if  we  may  give  that  appellation  to  theiDod- 
em  theories  of  the  cerebral  localization  of  those  functions  of  the  nemmi 
system  that  underlie  consciousness,  is  likewise  ultimately  based  npco 
current  conceptions  in  psychology.  The  advance  of  cortical  phjsici- 
ogy  will  be  furthered  by  the  progress  of  psychological  analysis,  as  the 
latter  must  also  change  in  meeting  newer  conditions  revealed  br  ti«» 
neurohistologist.  Whether  it  be  the  interpretation  and  locatioa  of 
"speech  centres"  or  a  "speech  Eone,"  or  be  the  differentiation  of  the 
reflex  from  the  conscious  activities  of  the  nervous  system,  concloaioffi 
arrived  at  by  physiologists  will  be  largely  determined  by  the  typerf 
psychology  that  ha])pena  to  have  impressed  itself  upon  the  advoettoi 
of  these  respective  iihysiological  hypotheses*  Considering  the  pws- 
ent  state  of  psychology,  its  greatest  service  here  would  seem  to  ta 
in  supplying  physiology  with  a  working  hypothesis  for  the  expli- 
nation  of  its  o^vn  data,  carefully  refraining  from  the  impositiDn  rf 
speculative  dicta,  that  may  perchance  put  new  difficulties  in  the  wat 
of  an  Bxyjlanation  of  physiological  processes.  It  is  with  a  desire  to 
avoid  unneoeHHary  and  dogmatic  statement  of  psychological  optjuoo, 
and  at  the  same  time  with  the  hope  that  I  may  succeed  in  makiDg 
clear  some  essential  analytic  considerations  from  the  psychologist's 
stand  poiut,  that  I  now  proceed  to  an  examination  of  the  mental  sig- 
niticanceof  pain,  and  of  its  relation  to  physical  stimuli  of  the  enviroo- 
meut  and  to  phy?^iological  processes  of  the  body. 

The  existence  of  a  mental  exi^erience,  pain  for  example,  may  l* 
posited  in  one  of  two  very  different  ways,  according  as  it  is  *mj* 
pain  or  the  pain  of  "  some  one  else. "  These  I  shall  call 
and  tho  objective  methmls.  If  the  method  be  the  subj 
iuventigator  has  immediate  possession  of  the  mental 
servatiou.  Its  existence,  therefore,  requires  for 
demonstration.  But  in  studying  the  mental  states 
investigator  lias  to  depend  upon  bodily  movements  f 
symbols  uf  something  unseen,  unfelt,  unexperienced. 
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fof  th©  Beose  organ,  such  as  the  moving  eye  or  the  feeling  hand,  are 
[then  taken  to  be  facts  presumptive  of  the  existence  of  accompanying 
j  sensations.     The  look  of  angnish  on  the  face  and  the  start  of  the 
[bodj  in  surprise  are  differential  indices  of  diverse  mental  conditions, 
[The  subjective  method,  however,  does  not  leave  the  investigator  alone 
1  with  his  sensations  and  feelings,  for  it  carries  with  it  the  possibility 
^of  the  investigator's  obser\^ng  his  own  bodily  processes  as  these 
change  with  modifications  of  his  menttil  content.     In  consequence, 
psychology  has  always  been   [)HychophysioIogical  in  reporting  the 
relation  between  mental  states  and  bodily  processes  or  bodily  struc- 
tures.    Thus  the  generally-  accei»ted  definition  of  the  sensation  has 
been  J  not  a  subjective   definition,  but  a  psychophysiological  one, 
namely :  "  A  sensation  is  the  mental  effect  or  consequent  or  accom- 
paniment of  the  excitation  of  a  sense  organ." 

Furthermore,  every  subjective  observer  has  also  called  into  ex- 
planatory relation  with  the  mental  states  that  he  is  observing  in 
himself  the  objects  of  tbe  physical  environment  amid  which  he  spon- 
taneously guides  his  observed  body  and  which  he  finds  acting  upon 
the  l>ody  to  produce  those  sensations*  Thus  he  has  always  referred 
Bome  of  his  mental  states  to  the  physical  environment,  giving  psy* 
chology  thereby  a  psychophysical  bias  or  direction.  The  most  fun- 
damental distinctions  of  traditional  j^sy chology  are  psychophysical 
in  nature,  such  for  example  as  the  trijiartite  dinsion  of  all  mental 
phenomena  into  cognition,  feeling,  and  volition.  As  defined  by 
traditional  psychology,  cognition  is  that  state  or  process  of  mind  in 
which  the  observer  finds  himself  aware  of  the  existence  of  external 
objects,  the  elements  of  cognition  being  sen-^ations  which  are  evoked 
in  mind  by  the  peripheral  sense  or^^ans.  Volition,  on  the  other  liand, 
is  that  state  or  process  in  which  he  observes  himself  directing  the 
movements  of  his  body.  Feeling,  finally,  is  conceived  as  a  purely 
subjective  state,  not  referable  to  either  sense  organs  or  muscles* 

Beneath  all  the  LiiHCUSsiou  nf  the  nature  of  pain  or  the  ]>ossibility  of 
the  existence  of  pain  nerves  there  is  found  in  the  works  of  many  i)sy- 
chologists  an  undercurrent  of  oi>iuiou  that  assumes  the  i>ain  state  to 
be  a  self-exietent  feeling,  that  is,  a  purely  subjective  condition  hav- 
ing no  reference  to  or  causation  in  au\'  body  state  whatever,  central 
or  peripheral.  Modern  theories  of  mental  and  neural  parallelism, 
however,  have  necessarily  modified  this  view  of  feeling  so  as  to  ac- 
eord  better  with  the  psychophysiological  postulate  that  every  mental 
state  or  x>roeess  has  a  correlated  neural  i^rocess.  The  views  of  Mar- 
shall aptly  represent  the  mfKbiied  traditional  attitude  of  psychology; 
the  paiu  state  is  regarded  by  this  modern  successor  to  Aristotle, 
Hamilton,  and  the  Englinh  Associationists  as  the  accompaniment  of 
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BdodifiestionB  in  ibe  oerebnl  |irncwep  wfajeh  midertie  o&ir  imtthl 
states  &zh1  which  are  tb^^^e  not  refemUe  to  any  specific  or  ptr- 
ticiilar  peripheral  or  Gentral  exeitatioiu 

A  few  words  maj  be  adTanta^^eoosl  v  giren  to  the  FelatiTe  valoe  of 
the  two  methods,  the  sabjectiTe  and  the  objectiTe,  as  reviealedby  j^nc- 
tical  experience.  If  the  investigator  stodv  pain  in  himseU  by  tbe 
ao-called  sablectiTe  or  introspeetiTe  jnethod,  he  has  gi^eD  him  m 
original  data  the  ""  pain,"  the  object  which  caosed  it  (a  hot  stove,  for 
instance),  the  hand  which  had  come  in  contact  with  it,  and  the  cqb- 
tractions  of  his  own  face  or  the  reTtxlsive  moYements  of  hts  own  bodr. 
The  objectiTe  method^  on  the  other  hand^  forces  the  intestigilQr 
to  assume  that  which  is  the  object  of  his  study ,  ^e  pain  states  froB 
the  contact  of  some  one  else's  body  with  the  stave,  and  from  Ike  eon- 
tortions  of  a  face  or  tiie  revnlsive  movements  of  the  whole  bodj. 
This  assumption  of  a  definite  mental  state  is  one  attended  with  giot 
difficulty,  and  with  danger  of  error,  even  in  the  higher  »T^iftiAl«  Aod 
in  children.  It  is  only  by  a  considerable  stretch  of  analogr,  vUdi 
oftentimes  is  carried  beyood  the  breaking  jxiint,  tb^  the  exislnB^ 
of  pain  states  can  be  inferred  in  aniinals  whose  brains  and  boditt 
differ  markedly  from  onrs.  It  must  be  added,  however,  that  m  the 
adult  hnmim  being  we  are  assisted  by  the  articulate  ivords  of  the 
subject,  who  may  report  upon  the  presence  or  absence  of  pain  iad 
j^ive,  with  more  or  lees  exactness,  a  verbal  description  of  its  qiialii»' 
tive  aad  other  subjective  pectiliarities.  It  is  true  that  spoken  wonk 
are  psychophysically  only  the  coordinate  movement  of  an  articoli- 
tnry  mechanism  producing  an  expressive  extemalization  of  a  meotil 
8tate,  but  our  attitude  towards  the  speaking  hunmn  being  places  hiis, 
under  these  couditioBs,  in  the  position  of  the  subjective  peychologifli 
iu  virtue  of  which  we  take  his  reply  as  a  peculiarly  singificant  en- 
deuce  of  tbe  aabject's  mental  experience.  The  two  methods,  there- 
fore, in  practice  approach  one  another  in  their  resulte.  NeT^ibeleA 
it  will  dei>end  largely  upon  the  natural  and  untrained  powe»  of 
introst^>ec'tion  and  verlial  expression  possessed  by  a  given  individml 
whether  the  verbal  report  of  his  subjective  state  or  his  behavior  ooder 
the  action  of  a  determinable  stimulation  furnishes  the  better  evideott 
of  the  actual  mental  conditions.  Physicans  do  not  place  much  ooft- 
fidenee  in  the  patient's  statement  of  the  quality  or  ' 
pain,  largely  l>ecause  patients  have  not  words,  nor 
prompt  the  words,  in  which  to  describe  their  fk^ins. 
ferers  will  often  describe  their  pains  with  great  pictur 
this  field  careful  studies  have  been  made  by  He 
Thomson,  and  others.  The  description  of  pain  by 
to  be  directlv'  proportional  to  (1)  liveliness  of  the  i 
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Irish  and  Jews  are  said  to  describe  pain  most  vividly),  (2)  vcx^bu- 
Jary,  and  (3)  experience.  Tlie  truth  of  the  description,  however, 
depends  upon  other  factors  than  these,  many  of  them  not  directly 
ascertainable ;  but  among  them  the  chief  are  perhaps  acquired  skill 
in  introspection  and  the  absence  of  a  tendency  to  hallucination  and 
illusion. 

Few  attempts  have  been  made  up  to  the  present  time  to  study 
pain  phenomena  by  the  purely  objective  method.  An  exceptiomd 
study  io  this  field  is  the  examination  and  classification  of  the  phc^ 
nomena  of  pain  with  reference  to  the  patient's  behavior  undertaken 
by  W.  H.  Thomson.  He  descrites  and  classifies  the  gestures 
that  are  characteristic  of  the  different  varieties  of  pain,  notiiig 
their  significance  for  the  particular  affection  that  is  the  causative 
agent  of  the  pain.  He  maintains  that  gestures  often  afford  truer 
indications  than  does  language,  because  the  verlml  descriptions  ob- 
tained may  be  so  extrpmely  indefinite.  Some  of  his  descriiitioBs  are 
80  suggestive  in  pointiug  out  new  possibilities  for  refinement  in  the 
observation  of  the  bodily  movements  accompanying  pain  that  a  short 
selection  from  his  article  may  atlvantageously  be  quoted  here.  For 
the  purpose  of  a  further  classification  according  to  gestures,  pains  are 
ciivided  into  the  following  groups:  (1)  Pains  due  to  inflammation; 
(2)  paioH  due  to  presHure ;  (3)  pains  due  to  stretching ;  (4)  neuralgic 
pains;  (5)  subjective  pains;  (6)  reflex  cutaneous  pains.  Many  objec- 
tions to  this  elassificatinn  will  arise  in  mind — for  example,  stretching 
and  pressure  pains  are  identical  in  physical  causation,  subjective 
pains  are  questionable  in  terminology,  the  elassiticatiryu  is  not  based 
upon  any  one  system  throughout,  etc.  But  the  classification  is  ]jrol>- 
ably  only  intended  to  be  a  roughly  convenient  one.  and  moreover  it 
IB  the  description  that  interest.^  chiefly,  as  an  illustration  of  a  valuable 
method  that  neetk  further  development. 

With  inflammatory  pains  we  are  told  the  patient  **  avoids  touching 
the  painful  part,  or  he  ap|iroaches  it  in  a  very  respectful  way." 
**  Thus,  with  an  arthritis,  his  hand  passes  over  the  joint  in  a  hovering 
fashion.  If  deeper  seated,  the  gestures  are  often  expressive  of 
the  varying  kind  and  distribution^  aceordijig  to  tlie  texture  inflamed. 
Thus  the  diffused  HorenesH  of  a  mucous  membrane  iuflaiiimatiou  cauHes 
the  gesture  of  bronchitis  to  be  made,  with  the  i\iiole  liand  laid  on  the 
sternum,  and  then  passed  over  and  across  the  chest,  A  Kimihir 
movement  of  the  hand  across  tlie  abdomeu  never  means  a  peritonitis, 
but  a  catarrhal  intestinal  inflammation.  With  pleurisy,  on  the  other 
baud,  the  tips  of  tlie  straightened  fingers  are  used  to  indicate  the 
stabbing  nature  of  the  ]jain.  In  peritonitis  also  the  tips  of  the  fingers 
are  used,  but  brought  down  with  much  more  caution  than  in  pleurisy. 
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lu  tb©  localised  pain  o*  commeuciDg  appendicitis,  tlie  open  kand  ia 
used  as  with  an  inflamed  joint. " 

To  these  pains  are  contrasted  those  produced  by  preesure,  tomon, 
abBcesses,  etc.,  or  cramps,  in  which  no  apprehension  is  m&nifegtedin 
touching  or  in  moving  tbe  part.  The  locality  first  touched  ia  of  im- 
portance to  note,  because  if  the  patient  starts  from  the  same  pk^ 
each  time  his  hand  moves  over  the  painful  area,  his  movements  mar 
be  considered  expressive  of  the  extensioD  or  radiation  of  the  p^ 
from  the  original  focus.  Stretching  pains  contrast  with  inflamma- 
tory pains  by  the  forcible  grasp  or  pressure  which  the  patient  nmkai 
on  the  abdomen,  while  the  characteristic  radiation  may  signif j  the 
causation  as  due  to  biliary  or  renal  colic  or  cramps,  etc,  Neura^^t 
l^ains  are  indicated  by  a  frictional  movement  of  the  hand,  with  firm 
pressure.  Tlie  shifting  character  of  the  neuniJgic  pain  as  shown  l»f 
the  gestures  of  the  subject  enable  one  to  distinguish  these  from  tJi€ 
more  fixed  pressure  pain  of  turaors.  The  darting  pains  of  talies  4« 
often  most  graphically  descrited  by  the  gestures.  Subjective  paiiBt 
as  in  hysteria,  are  characterized  by  their  greater  number  and  vaii^, 
and  by  the  inconsistency  of  the  gestures  with  the  often  higUtF 
wrought  description  of  them  by  the  patient.  The  character  ol 
referred  pains  can  always  be  proved  by  the  fact  that  the  x>atieiil  has 
no  ol>jeetion  either  to  movement  or  pressure  of  the  part. 

Whether  our  method  of  approaching  the  phenomena  of  pain  be  the 
subjective  or  the  objective,  pain  may  be  considered  as  a  state  of  rnial 
from  one  of  three  poiuts  of  view :  (1)  The  psychical,  which  vieire  th§ 
pain  as  a  mental  phenomenon  in  its  relations  to  other  mental  states 
ouly;  (2)  the  psycliophyBical,  Avhich  views  it  in  relation  to  tltf 
external  physical  causes  or  stimuli  of  the  pain;  and  (3)  the  pevcho- 
pliysiologiral,  which  is  concerned  vdih  the  pain  in  relation  to  the 
asHociated  jirocesses  of  the  body.  It  is  often  diflieult  to  keep  theee 
lines  of  treatment  distinct,  but  it  is  necessary  for  cleajness  thai  tWj 
^sliiJiild  be  held  as  far  apaii  as  possible.  I  shall  now  proceed  tocon- 
^;ider  pam  from  each  of  these  three  standpoints  in  succession. 

The  Psyohological  Pboblem. 

The  p.sycliicai,  or,  as  more  commonly  called,  the 
Yiui'  of  treatment  must  comprise  (a)   an  examination  o 
ciualities  of  |iaiu,  (//>  a  consideration  of  the  relative 
comi>lnxity  of  the  i>ain  as  a  mentjil  state,  and  (e)  a 
the  common  characteristics  of  pain  and  of  certain  oth 
which  show  re spnili lances  to  pain. 

PaiuH  have  Ijceu  described  as  dull,   throbbinj 
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grmdiDg,  shootiiig,  burDiug,  cbiUing,  boring,  griping,  shivering, 
creepy,  itchiug,  and  formicating,  Potain  reports  that  a  pbysician 
in  Trajan's  time  held  that  there  were  thirteen  different  kintls  of 
pain,  while  Halmemaiin,  another  early  physician,  distingniahed  as 
many  as  seyentj^-five  yarieties.  Mo8t  of  these  supposed  yarieties  of 
pain  cannot  be  looked  upon  as  yariations  in  pam  (luality.  They 
probably  arise  from  the  simultaneous  association  of  the  pain  witb 
other  mental  qualities  or  elements.  Chilly,  burnings  dull,  sharp, 
massiye,  grinding,  shcwting,  boring— these  descriptive  terms  all  refer 
to  other  sensations  which  are  associated  with  the  primary  pain 
sensation.  To  take  ancither  group  of  composite  seui^ations — ^those  of 
taste — we  find  the  sensations  of  taste  proper  to  be  always  closely  as- 
sociated with  sensations  of  smell,  touch,  heat,  cold,  and  probably 
also  with  muscular  sensations,  as  in  bitter  tastes*  The  loss  of  the 
sense  of  smell  often  ai>ijarently  abrogates  the  senne  of  taste,  because 
we  can  recognize  so  few  substances  placed  in  the  mouth  by  the  four 
pure  taste  qualities  of  salt,  sour,  sweet,  and  bitter.  Tic^klingj  shiver- 
ing, creeping,  shooting,  forniieating,  intermittent,  itching,  parox- 
ysmal, darting,  or  lancinating  pains  are  distingidsbed  from  one  an- 
other and  have  received  distinctive  appellations,  nf)t  through  inherent 
finalitative  differences  in  the  pain,  but  through  yariations  in  the  dur- 
ation of  the  pain,  its  mode  of  arousal  by  the  physical  stimulus,  or  its 
distribution  through tjut  the  bod\'.  Each  one  of  these  distinguish- 
ably  different  grouj)  i>ains  ought  to  be  made  in  itself  the  o!>ject  of 
careful  examination  hy  psychologist  and  j>liysiologist,  if  we  are  to 
have  what  we  do  not  now  ih)srpss,  a  wat  is  factory  analysis  of  these 
complex  sensations.  Altliougli  we  juay  not  be  able  to  designate  the 
particular  modifications  of  physical,  physiological,  and  mental  lu-oc- 
esses  that  are  the  basis  of  these  variations  in  pain  fjuality,  we  are 
still  able  tt>  posit  as  a  Uivi  of  introspective  aualysis  that  a  jutin^  as 
pain,  is  always  the  same  invariable  ment^il  ex]>erience  no  matter  how 
closely  it  may  be  associated  with  other  sensatirtns. 

Certain  menhil  ciuiditioiiH  are  connected  with  j^ain  in  such  an 
intimate  way  that  they  must  Im*  given  special  consideration  at  this 
point.     These  are:     1.  Tlir- feeling  of  the  agreeable  and  disagreeable; 

2.  The  feeling  or  sensation  of  intuleralilnness  or  unendurableness; 

3.  The  pains  of  inhibited  motor  process;  either  in  the  general  sense, 
as  those  due  to  an  insnfficieney  of  bodily  exercise,  nr  moresj^ecifirally, 
the  pain  or  distress  due  to  an  interruption  r>f  sonxe  motor  jjaroxysmul 
process  which  is  on  the  point  of  taking  place — for  example,  an  inter- 
rupted gape  or  sneeze,  the  initial  stage  of  nausea,  and  probably  also 
the  pain  of  restrained  sexual  desire;  4.  Vertigo;  5.  Pains  of  over- 
exertion or  fatigue 
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It  is  maintained  by  some  aothoritieB  tliat  pain  is  only  an  extniK 
case  of  disagreeablenessj  and  pleasure  merely  the  intensest  igne- 
ablenees.  Agreeableness  or  pleasure  and  disagreeableoess  or  pai%ii 
this  view,  are  regarded  as  an  "aflfective  tone/*  a  "mental  color/ m 
"  attribute"  or  "  quality"  of  some  sensation  or  other  specific  mental  eat- 
tent— this  **  affective  tone"  having  two  qnalitativel3'  different  phiMi, 
the  agreeable  and  the  disagreeable,  each  presented  with  variatioiis  d 
intensity^  in  all  degrees  from  indifference  to  the  extremes  of  pleasm 
or  pain,  W©  are  asked  to  think  of  this  affective  quality,  which  acced- 
ing to  Marshall,  the  latest  exponent  of  this  view,  is  **  a  primarr  qnik 
affecting  all  presentation,"  somewhat  after  the  manner  in  whicli  ve 
grasp  the  Dotion  of  iutensity  as  teing  common  to  all  sen&ation.  To 
this  subjective  modality  of  sensation  psychologists  generally  give  tk 
name  "  feeling*tone, ''  for  which  awkward  foreign  expression  UflTfV^^ 
suggests  as  an  English  eiiuivalent  the  hyphened  eompound  iwrf 
"pleasure-pain,"  In  such  authors  as  Kiili>e,  Ziehen^  Hufding,  Ldi- 
man.  Ward,  and  Marnhall,  feeling*tone  embraces  the  agreeaUe  iol 
disagreeable  elements  in  all  sensation,  and  includes  as  manifnBtaitkMii 
of  this  single  affective  variable  extremes  of  both  pain  and  pLesmtw 
The  painful  or  pleasurable  phase  of  feehng^tone  is  regarded  n 
dependent  directly  upon  the  intensity  of  the  sensation.  If  ioj 
given  sensation,  therefore,  could  be  presented  in  mind  in  all  pfl»- 
sible  intensities,  it  would  be  capable  of  aronsing  the  ejixfoum 
of  pleasure  and  j)ain  together  with  all  pleasure  and  pain  iuftOK 
sities  Ijetween  these  and  indifference.  The  quale  theory  prerap* 
poses  that  a  bitter  taste  of  adequate  intensity  must  give  a  phassm 
etjual  in  degree  to  that  of  the  satisfaction  of  the  sexual  instiixi 
while  the  odor  of  violets  if  Hufficiently  intense  must  aroose  a  f*ia 
as  decided  as  the  agony  of  angina  pectoris.  Tliis  reditctia  ml  fl6- 
gHrthim  presents  a  real  difficulty  of  the  feeling-tone  hypoUiesii^ 
which  is  equalled  by  two  others  that  amount  to  a  oontnididm 
of  the  eviilence  of  introspective  analysis.  The  first  of  these  ii 
found  in  the  fact  that  many  sensations  are  not  presented  in  con- 
sciousness with  either  pleasure  or  pain;  they  are  simply  indiffefcnl, 
no  matter  what  their  intensity  may  te.  The  quale  theorist  is  oon- 
pelled  to  produce  the  phantom  of  a  feeling-tone  that  excites  no  con- 
sciousness, though  still  i>resent,  in  order  to  explain  this  diffimltT. 
Again,  this  theory  maintains  that  no  pain  ever  comes  into  con3cioa»- 
ness  except  as  a  constituent  ]mrt  of  some  sensation  or  other  mental 
state.  In  the  words  of  Bradley,  "  we  never  have  pleasure  or  pain;  it 
is  not  a  pleasure  but  something  pleasant  that  is  exi>erienced.'*  W*ri 
complains  that  "physical  pain  is  wTongly  classified  among  bodili' 
sensations,  because  one  word,  pain,  is  used  for  certain  oigaDiGJ 
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ptiou^  and  for  h  i>urely  subjective  state.**     Lebiuan  maiutaiDH  tlmt  the 
'feeling  whether  of  pleasure  or  of  pain  never  occurs  apart  fnmi  a 
I  sensation  however  weak.     And  in  every  case  wlaere  such  feeling  is 
1  supposed  to  have  lieen  obserred,  the  seD^atioual  element  liae  mere- 
fly  \men  overlooked."     Kuli»o   exjilainH   this   fact  in   the   folio w^inj^ 
.words:  **  Since  the  presence  of  a  strong  feeling  conceals  the  quality 
I  of  its  concomitant  seiiHalion,  the  analysis  of  a  class  of  sensations'' 
(peripheral  ]»aiu  and  tlie  pleasure  of  sex)  "  which  hardly  ever  make 
tlieir   a|i|»earance    except    untler    this   condition    will   obviously    be 
[exceedingly  diftxcult."     Thus  ih>es  the  ijuale  theory  carry  with  it  the 
[  necessity  of  awsumiiig  the  existence  of  stJOie  sensation  to  which  jjain 
i  may  be  attached,  even  in  those  extreme  pains  w  hicli  apparently  usurj) 
I  consciousuess  to  the  exclusion  of  all  other  contenL     This  view  is 
I  Home  what  like  regarding  the  whole  man  as  Ik*  longing  to  the  tape- 
I  worm  Cijucealed  within  his  vitals  or  as  the  j>roj>erty  of  the  shadow 
ftt  he  casts  uiion  the  ground. 

A  view  more  in  accord  with  the  evidence  of  intrusjiet-Hve  analysis 
lcK>ks  u|Hm  pain  as  a  sin4»le  unanalyzable  and  undiflereniiable  con- 
tent of  the  luind  whenever  it  may  be  found  existing  within  an  indi- 
vidual conscitniHueisH.  Fechncr  maintains  that  **  pain  and  jjlcasure, 
when  considered  apart  from  all  accompanying  conditions,  are  simfile, 
that  is,  they  are  not  further  analyzable  as  contents  of  our  ujind. 
They  do  not,  however,  exist  so  ahstrai-tly  in  reality  as  tliey  may  Ixi 
apprehended  by  our  faculty  of  abstrai'tiim,  but  rather  as  coexiNting 
states  or  resultants,  x^t-i'hajjs  functions,  of  f»ther  mental  contents,  to 
which  they  give  and  from  which  they  receive  character."  Wundt, 
also,  in  criticising  Lehman's  theory,  maintains  tluit  the  **useof  the 
word  pain  for  a  dii^agreeable  feoling  of  every  sort  haw  led  to  the 
notion  that  pain  ism>t  a  differentiated  sense  (pudity."  MunKterb(*rgj 
Nichols,  James,  Strong,  and  nniny  otlier  iisycliolt^gislH,  regard  pain  as 
a  simj^le  s]iecitic  sensation.  Fnun  this  view  there  is  no  esca[je  ho 
long  its  wo  use  the  tt.'rm  sensatioii  with  a  purely  mental  reference. 
Pain  is  ct^rtainly  presented  in  consciousness  with  the  distinctness, 
difterence,  vividness,  and  isolation  thnt  clniracterize  simple  seiisntions. 
11  we  add  to  this  fai^t  of  mental  differentiation  ijlher  criteria,  as  we 
may  do  inferentially,  even  by  the  use  of  tlie  term  Kensation  (fjecanse 
this  term  implies,  as  I  have  pointed  tmt  above,  that  a  sensation  is 
die  resultant  of  the  stimulation  of  a  sense  organ),  then  ohjertions  may 
»rise  to  calling  pain  a  sensation.  Snch  objections,  however,  will  bf^ 
based  U]H>n  considerations  that  emphasize  the  jjsychojihysiological 
rather  than  the  strictly  psychii-al  characteristii's  (*f  s(*nsation.  It  is 
true  that  the  tendency  of  psychophysi(jlog\  to-day,  wlit'tlier  riglitly 
or  wrongly  I  shall  not  iotpiire,  is  to  demand  for  every  differentiated 
VoL  XL— 5» 
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sensation  a  Bpecific  stmetmre  whose  function  gi^es  rise  to  tiie  Bp 
simple   mental  content.     If  from   the  standpoint  of   introsp 
analysis^  therefore,  pain  in  common  witli  all  Bensation  is  a  i 
mental  content,  we  are  presumably  justified  in  looking  for  an  i 
ical  substrate  in  a  ijeripheral  senae  organ,  a  conduction  tract  ill 
peripheral  and  central  nervous  system,  and  a  localized  oeDtre  iji  1 
cortex  of  the  cerebral  hemispheres. 

Having  thus  tlisposed  of  jjain  as  a  tlintinctive  mental  qnaUtj,  t 
shall  consider  its  intensity  and  some  fiuiher  characteristics  tJut  | 
presents  in  relation  to  the  agreeable  and  disa^eeable  and  to  I 
feeling  of  intolerableness.     Of  pain  intensity  we  shall  say  a  woidi 
a  subsequent   section  on  the  j>sychophysical    problem.    The 
tions  of  the  pain  state  to  the  agreeable,  I  eao  be^t   discuss 
continuation  of  the  consideration  of  the  nature  of  feeling-tone. 
is  to   be  remarked  that  we  may  regard  pain    as   a   sensfttiaD 
yet  hold  to  the  quale  theory,  so  far  as  the  feeliug-t<jne  of 
and  dinagreeable  in  resjiect  of  sensation   in   ^enenil  is 
This  is  Wundt's  notion,  which  leads  him  to  treat  feeling-toii«  mi 
[ilittses  uf  agTt>eableness  and  disagreeablenoss  as  the  accfiiQ]ij 
of  all  sensation,  even  of  that  of  jiain.     He  would  iierhajis  iigreet 
Janies  in  the  hitter's  statement:  "I  think  we  find  here  thai  tbe  < 
ti  net  ion  has  to  be  made  between  the  primary  consciousness  ti  \ 
[mill's   intrinsic  tpiality  and  the  consciousness  of  the  degree  of  i 
iiitolerability''  (Wundt  woidd  say  disagreeableness)  *^  which  isac 
dary  afi*air  simjjly  connected  with  retiex  organic  irradiatioiL "    Mdi^l 
sterluM*^  inaintaius  that  the  pleaflure  of  the  sexual  function  (IFoU)] 
and  pain  (iSckmrrz)  are  not  the  extremes  of  agreeableness  and  db^J 
agreeableuess  (Lust  and  Unlust),  but  are  sensation  contents  ^hAi 
regularly   arouse   strong    agreeable   and   disa^^reeable  feelings:  li| 
further  believes  that  "even  if  the  explanatif>n  of  pain  and  idairfi 
sensations  as  due  to  peculiar  trophic  nerve  processes  or  to  §pidfe 
ner\eH  of  feeling  is  correct,  still  nothing  is  advanced  thereby  to«iiAi 
anexplanatinu  of  the  feelings  of  agreeableness  and  f\  i n  ii j^u ciflbl ciiy  * 
Thus  these  authorities  appear  to  agree  in  maintaining  that  the  fr 
apfreeableness  of  pain  is  not  to  be  explained  by  reference  to  tiie  ptii 
content  as  such,  but  to  associated  bodily  conditions   or  sensaliotf 
which,  in  the  terminology  of  Wundt,  receives  the  name  of  "feeEo^ 
tone/* 

This  leads  me  on  to  an  examination  of  the  nature  of  tethsfr 
tone,  Wimdt  offers  no  satisfactory  explanation  of  its  nature,  a^ 
cppfcing  it  ?is  an  ultimate  mental  fact  to  be  corollatM  with  van^iDg 
ill  tensities  of  the  sensation,  James  suggests  that  intolerabilitT  nuy 
be  connected  with  reflex  organic  irradiation.     Thus  the  violent  tt^ 


THE  PSYCHOLOGICAL  PEOELEM.  916 

traction  of  the  head  from  ammonia  compels  im  to  speak  of  the  odor 
I  of  ammoiiia  as  iiittjlerable  or  unpleasant,  but  this  is  a  psychological 
I  misapplication  of  terms.     The  ammoDia  may  be  unpleasant  as  well  as 
I  odorous,  but  tlie  sensation  of  the  odor  in  itself  is  neither  xjleasing 
I  nor  displeiiaing.      The  substance  ammonia  acts   reflexlj  ojjon  our 
[nervous  organization  to  imiduce  movements  of  retraction,  and  these 
I  movements  themselves  give  ri^e  to  the  feeling-tone  of  disagreeable- 
Onions  ma\'  give  rise  t<:*  what  we  should  call  a  disagreeable 
lor  and  may  at  tiie  same  time  act  upon  the  tear  ducts  to  cause  a 
l»ecretion  of  team,  but  strictly  we  are  no  more  justified  in  calling  the 
Icxlor  disagreealile  than  we  shoxdd  l>e  in  calling  it  tearful.     It  happens 
I  that  the  onion  produces  tears  and  disagreeableness  at  the  same  time 
that  it  produces  the  specific  odor  sensation.     An  insect  on  the  skin 
I  is  a  very  harmless  thing  in  itself,  but  it  rerjiiires  all  our  endarance 
I  to  watch  the  harmless  fiy  or  spiih^'  walk  abtmt  over  the  surhice  of  the 
lekin,  liecjiuse  this  stimulus  awakens  poM'erful  reflexes  to  remove  the 
[»timulatiuK  *igeut.     Beciiuse  of  tht^se  reflexes,  we  aiipropriately  re- 
l|4;ard  the  insert  as  intolerable,  but  wrongly  iMdieve  tliat  the  sensation 
lof  ttjueh  frnui   the  insect  is  also  inttjlerable,  forgetting  that  tlie  one 
objV't,  the  insect,  is  both  iutoleraljh^  and  touching.     A  drop  of  acid 
arouses  as  innlfensive  a  si^LSHbou  of  I^jucIi  as  does  a  drop  of  water; 
but  the  acid  does  more  iu  us  than  does  the  water;  it  burns  the  skin, 
provoking  sensations  of  Inirning  and  of  pain  and  arousing  violent  reflex 
movenxents  of  rHtractinn.     Agrpcableness  and  disugreealjleness,  which 
seem  to  merge  into  j»aiy,  can  tln^refore  l)e  explained  by  rt^ferejice  to 
bodily  fonditioiis  which  tlnsstiiiiuhis  jirovtjkes  in  addition  to  the  phys- 
iological processes  that  evnkc  the  specific  s*^tisati^>n.     Thus  a  stim- 
ulus acts  also  upon  tlie  internal  rjrgaiis  of  the  trunk,  for  instance  on 
the  st*>mach  and  on  the  involuntary  uiusculature  of  the  inti  stiiies;    it 
acts  on  the  vHS(un<jt(»r  system  producing  coustricti«m;   and  tinally  it 
may   act  upon   the   peripheral    muscles    tlimugh   the   excitation   of 
reflex  centres  in  cord  and  bmin. 

The  sensory  ground  work  for  feeling-tone  may  bn  found  in  any  one 
or  all  of  these  reflex  bodily  excitations.  It  may  lie  placed  in  the  or- 
gans of  the  tnink  (James),  which  seems  to  explain  liest  the  disagreea- 
blenesB  that  comes  from  concomitant  feelings  of  sufl'ocation,  fear, 
«tc. ;  or  in  the  vascular  system  (Lange),  which  may  explain  chilly 
and  creepy  and  possibly  formirating  and  other  pains;  or  in  the  reflex 
contractions  of  tlie  striped  muscles  of  tlie  pcri]ihery  and  trunk.  It 
is  also  a  possible  hypotliesis  that  the  disagreeableness  of  a  sensation 
may  be  due  to  the  voluntary  or  involuntary  inhihition  of  a  reflex 
movement  strongly  excited.  The  disagreeableuess  of  the  walking  in- 
sect, for  example,  may  be  referred  to  the  fact  that  our  bodies  cannot 
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mnve  fjuickly  enough  to  satisfy  the  i 
tracts  to  the  muscles  productive  of  re 
aKTeciibleiiess  wfjiild  l>e  an  unsatisfied 
to  be  placed  with  the  malaise  or  di« 
ereise,  unsatisfied  sexual  desire,  an  iul 
on.  Muiisterberg\s  theuiy,  un  the  <ithi; 
and  the  disagreeabla  feeliu^-toue  to  del 
esses.  The  results  of  eertain  experi 
hii^Idy  Hatisfactriry,  liHwever)  that  all  pl< 
uess  are  accumpauit^d  l>y  lMxlil.y  muvem< 
ful  states  by  ImkUIv  moveinoiits  of  flea 
be  very  slight  and  netnl  ii<*t  1)0  referred  t 
sterberg's  conclusion  is  that  the  feeling 
aocotnpaiiiment  of  reflexly  prcHluc?od 
the  feeling  of  disagreeablonesa  of  reflexl; 
ion.  A  stiniidus,  such  as  a  very  hot  obj 
afferent  nerve  impidse,  excites  cerbii 
system  concomitant  with  which  is  a  \ 
citation  either  in  the  cortex  or  in  cent 
innervation  of  the  musculatuie  involved  i 
as  a  stimnkis  for  a  secondary  aflerent 
excitation  whose  mentjd  Jicconiiwiniuient 
ness.  Analogously ,  the  mental  resultan 
of  extension  in  the  fneling  of  ^ignMiabl 
tained  to  l>e  in  harmony  with  the  physi 
when  the  original  mot4ir  impulse  ihlsim 
can  1ki  prrHluced  either  jx^rijjheral  ilaxji 
the  intensity,  duration »  and  extent  of  tl 
central  motor  impulse  is  normally  the  efl 
it  appears  fair  to  assume  that  the  prin 
cordauce  with  its  intensity,  extensity, 
tsentral  sul>st4ince  tlie  motor  impula© 
tension.  In  other  wf>rds,  the  stimulus, 
and  short  duratitm  reflexly  excites  exte 
sity  or  longer  duration  prcxluce  flexion, 

'  Altliough  Muusterberg's  theory  dc 
evidences  of  biology,  physiology,  and  j 
this  interesting  piece  of  8peeulatit>n  i 
liotheaes  of  the  psychoph>  siolngical  p 
ever,  are  unduubtedly  making  the  uatiii 
iutolligible.  Contradictory  aa  they  ap; 
of  them  are  in  ilirect  extension  of  the  jkh 
that  every  mtxliticatiou  of  conscioiisii^ 
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^  eorDitaDt  of  some  i>hy8inlogiiuil  prtx-esH  wLich  is  either  of  periplieral 
or  of  eeotral  oii^n,  whether  this  be  direetly,  aHftoeiately,  or  reilexly 
stdmulatetl. 

The  Psychophysical  Problem. 

I  shall  now  proceed  to  consider  the  relation  of  pain  to  the  physical 
Btimulus — that  isi,  the  extrtw?oriK>real  stimulus  tjf  origin.  Much  has 
Ijeen  made  of  the  fact  that  i*aiu  has  no  8]wx'itie  stimidus  with  whicli 
it  can  he  corollat-ed,  im  have  senBations  f>f  cc>h)r  and  of  Bound.  In  the 
latter  group  of  HenHutious — that  of  sound  seusaiions  produced  hy 
atrat:»8pheric  vibrations — we  find  the  clearest  cases  for  tlie  relating  of 
seBsatioiial  quality  and  intensity  with  specific  differencew  iu  the 
ijihysical  stimulus.  A  wound  varies  iu  i*itch  as  the  number  of  vibra- 
tioiis  of  tlie  stimulus  increases  or  decreases.  It  varies  in  intensity 
as  the  etinmlus  of  sound  is  removed  fi'om  the  ear,  thereby  diminisli- 
ing  the  amiditude  of  vibration  of  the  layer  of  air  next  to  the  tymjianic 
membrano  of  the  ear.  It  is  C(»Tninonly  maiiitaincfl  tljat  evf*r\'  sensa- 
tiou  hiiti  intensity  antl  ipiali ty,  both  t>f  which  ai'G  referable  to  differ- 
ences  io  the  stimulus.  The  quality  of  a  color  sensation  has  iKvn 
assumed  to  be  due  to  the  numl»er  of  vibrations  fjf  ether^  but  modern 
psychology  has  rejected  the  notion  that  color  sensations  have  in- 
teii«ity,  despite  tlie  popular  iise  of  that  terni  io  describing  visual  sf*n- 
sationa.  I  cannot  enter  into  a  discuHsion  of  the  reasons  for  this; 
suffice  it  Ui  Bay  tliat  j^syi'hology  to-day  looks  upon  all  color  sensa- 
tioBB  as  differing  from  one  another  in  rjuali ty  only ;  the  pli\  sical 
stimulus  may  differ  in  inteusityj  but  intensity  differences  in  tho 
stimulus  provoke  qualitative  differences  in  sensation.  For  further 
proof  of  this  the  reader  must  be  referreil  to  the  works  of  Kiilpe  or 
Wundt.  Every  senmition  therefore  is  not  necessarily  a  comi>OBite  of 
quality  and  i  nt-eu  si  ty. 

Another  illustration  to  show  that  quality  and  iuteusity  of  the  stimu- 
lus are  not  always  correlated  respectively  with  <pmlity  or  intensity  of 
sensation  may  ln3  given  from  the  grouj)  of  dermal  sensations,  A 
minimal  ]U'essureHtimulus  of  1  or  2  gni.  will  give  a  sensation  of  touch ; 
great-er  intensity  of  tlie  same  stimuhis  ranging  from  *20  gm,  to  15 
kgm.  will  give  a  sensation  of  i>reHsure;  5  kgm.  to  Io  kgm,  will  give 
both  pi-essure  and  i>ain,  while  maximal  stimuli  aliove  Io  kgm.  give 
rise  to  jiaiu  only.  This  at  least  m  the  evidence  obtained  frcjin  tests 
condnet+^d  by  me  (m  a  large  nundw^r  of  i>ersons.  There  are,  therefore, 
three  differentiated  (|ualities,  timcli,  pressure^  and  pain,  each  with  an 
intensity  range  of  its  own,  and  each  referable  not  to  (pialitntive  but  to 
intensive  differences  in  the  physical  stimulus.  It  is  a  ct infusion  in 
thought,  due  ti>  the  fact  that  tlie  same  pressur<^  stiniulus  acts  ujxm  iXB 
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to  produce  all  Uiree  qualities,  which  makes  U3  think  that  a  ooomMm 
quality  in  senaation  must  also  be  present,  aiid  that  a  Bensatioo  ct 
pressure  is  only  an  intense  sensation  of  touch  or  tliat  a  pain  frooi  i 
pressure  stimulus  is  a  painfully  intense  pressure  seusatioiL  TV 
same  confusion  leads  to  a  new  that  regards  a  droj>  of  acid  on  the  skb 
as  the  cause  ol  a  jiainful  or  burning  txiucli  seusation,  whereas  ^ 
touch  sensation  im  such  is  iucUffereut.  It  is  the  acid,  the  pliyaai 
stimulus,  that  is  touching  and  burning  and  painfuL  Intense  pr» 
sure  stimuli  provoke  iiain  sensations;  so  do  internee  heat  and  cold 
stimuli;  so  also  does  the  stimulus  of  tickling,  which  iw  an  iBtermitteisl 
touch  stimulus  of  small  intensity.  Apparently  all  stimuli  that  cio 
act  upon  the  Ixidy  at  all  are  capable  of  giving  pain — uieehanical^  ch^sa- 
cal,  thermal,  and  electrical  stimuli.  Pain,  ther^^fore,  has  no  spectfir 
stimulus  unless  w^e  regard  the  upper  range  of  iiit-c^nsitj'  of  general  stim- 
uli as  the  s[>ecific  stimulus  of  pain.  But  in  any  event,  the  fact  thil 
pain  has  no  specific  stimulus  does  not  milibite  against  its  being  a  so- 
nation.  Other  sensory  qualities  have  been  cited  which  are  refemhh 
to  intensity  changes  in  the  stimulus.  The  effects  of  intense  atuaafi 
in  producing  pain  are  better  referable  by  w^ay  of  ex[danation  to  tbeo^ 
ganism,  especially  to  simultiineous  miction  upon  other  nerve  tndk, 
than  to  the  si>ecific  nerve  tract  in  question. 

Similarly  the  effect  of  a  temx>erature  stimulus  depends  upontk 
temperature  o£  the  body — tlie  physiological  zero  point.  The  aaiw 
temi>erature  stimulus  may  produce  either  a  sensation  of  hejit  or  q( 
cold,  deyiending  upon  the  condition  of  the  part  acted  ufKin*  NefH^ 
theless,  we  regard  heat  and  cold  as  specific  sensations  despite  thar 
very  shifting  chanicter  relatively  to  the  physiological  zero  point  of 
the  bod3^  Although  w^e  may  grant  that  pain  can  be  aroused  br » 
visual  or  an  auditory  stimulus,  it  seems  to  me  <|ue-stionable  whether 
the  irritation  of  either  the  optic  or  auditory  nerve  is  itself  capaUf 
of  annisiug  pain;  cei-taiuly  the  pains  that  are  most  f requently  as84> 
ciated  witlitiie  exercise  of  the  functions  of  vision  and  audition  apeiwi 
due  to  oi>tic  or  acoustic  irritation  but  to  the  concomitant  irritatiaD  J 
branches  of  the  fifth  nerve.  Consequently,  if  a  sound  stimulus  prcv 
duces  pain,  it  seems  to  me  more  Ukely  that  this  is  due  to  the  action 
of  the  st>und  wave  upon  the  tympanic  membrane  or  u{*on  other 
strictly  <lermal  tissues  or  connected  nerve  fibres,  than  i  * 
tion  of  the  specific  nerve  of  hearing;  similarly,  a  1 
j)aiuful  l>ecause  of  its  action  upon  the  conjunctiva, 
tiuitis  may  run  its  course  without  pain,  whereas  all 
processes  of  the  conjunctiva  and  of  the  lid  produce 
phobia.  The  audi  to  phobia  and  photophobia  of  meni 
scarcely  ascribable  to  the  nerves  of  audition  and  visioi 
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Many  pains,  Buck  as  tliase  of  fatigne,  are  not  referable  to  extra- 
corporeal stimnli  at  all,  but  to  the  muscles.  TLe  stimulus  here  is 
probably  a  chemical  oue,  the  resultant  of  processes  of  dissociation  in 
muscular  tiHBue,  this  iirotlnct  acting  as  an  irritant  poisou  on  the  sen- 
sory nerve.  The  paius  of  muscular  origin  due  to  overuse  liave  had 
an  ini[jnrtj*nt  iuHuenee  upon  theories  of  pain.  Paius  due  tt>  iiTitation 
of  tlie  viscera  are  probably  also  evoked  by  chemical  stimuli,  as  in  the 
pains  of  hunger  and  thirst,  although  some  of  them  may  l>e  due  to  the 
involuntary  contnu*tion  of  the  unBtrii>ed  muscles  of  the  intestines  and 
perhaps  also  of  tlie  vascular  system.  But  whether  the  stimulus  be 
internal  or  external,  it  is  not  painful  when  at  the  physiological  zero 
point,  bat  becomes  painful  when  excessive  or  when  eausiug  excessive 
functioning  t>f  a  bodily  organ. 

It  ma\  Ije  (if  interest  to  ^loint  out  in  this  connection,  two  different 
lines  of  speculatitin  of  some  import^mce  to  jjsych^Jogyj  that  have 
taken  their  origin  from  a  formuhition  of  the  psychophysical  setting 
of  pain  as  regards  its  physical  stimulus.  The  first  of  these  is  what 
mny  be  called  the  economic  or  biologic  theory,  biLsed  upon  consider- 
ations of  the  protective  value  of  pain  or  of  its  contrasting  jjlejisure  to 
the  human  organism,  ]>articularly  as  these  are  found  to  be  stimuli  to 
diverse  actions,  i>ain  warning  against  dangerous  stimulation  and  caus- 
ing the  organism  to  avoid  such  stimuli,  pleasure  imjielling  to  the 
search  for  serviceable  stimuli.  Economics  as  a  science  haHes  itself 
upon  the  conscious  choice  of  plejisure.  As  stated  by  Patten,  the 
**  theory  of  utility  is  merely  a  conscious  reckoning  of  our  pleasures 
and  pains.  Passions  and  strong  feelings  are  best  controlled  by 
analysis  i^f  our  j^leUHures  and  pains  into  their  jjarts  so  that  we 
can  determine  tlie  degree  of  each  feeling  and  give  to  it  a  proper 
weight- " 

Psychologists  have  not  been  wanting  who  in  the  same  way  have 
considered  pain  and  pleasure  as  the  primary  phenomena  of  con- 
sciousness or  the  primary  determinants  of  the  wilL  Spencer  has 
made  jjain-avoiding  and  jJeasure-getting,  in  relaticju  to  the  dangei's 
and  useful  objects  of  the  environment  respectively,  a  biological  prin- 
ciple in  psychology  and  sociology,  Brentauo  calls  |)ain  and  pleasui*© 
one  with  the  fact  of  the  will,  while  Meynert  maintains  that  "the 
simplest  theory  \rill  always  be  that  in  the  most  complicated,  enig- 
naatic,  and  incomprehenHibk^  actions  of  man,  the  guiding  motive  is 
the  avoidance  of  the  greater  pain.''  Important  as  jiain  is  in  deter- 
mining action,  the  facts  seem  to  justify  James'  opinion  that  other  con- 
ditions than  pain  cause  l)odil3'  movements  both  in  tiu^  region  of  con- 
scious choice  and  in  that  a(  instinctive  or  reflex  action,  and  many  have 
pointed  out  that  the  reactirm  of  the  organism  with  pleasure  and  pain 
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is  not  always  aBsociatecl  with  the  danger  or  usefiiliieea  of  the  i 
to  the  organism- 

Another  lino  of  speculation  has  taken  the  partial  view  of  pain  &i 
this  Ls  found  related  to  intense  stimuli  in  connection  with  tha  am- 
exertion  of  muscles,  and  has  clevelof>ed  theories  which  have  been  jw^ 
rented  in  various  forms  from  the  time  of  Aristotle  to  that  of  MarahilL 
Marehall  has  given  the  latest  formulation  of  this  theory,  yn^jptajiiif^ 
that  the  acti\dty  of  the  bodily  organ  of  any  sensation  content  *if 
efficient  is  pleasurable,  if  inefficient,  painful.**  In  other  words,  pun 
is  ex[>erienced  whenever  the  physiological  reaction  which  detemuofii 
a  sjiecific  sensation  is  so  related  to  the  supph'  of  nutriment  of  Hnb 
functioning  IxxUly  structures  that  the  energy  involved  in  the  teaddm 
to  the  stimulus  is  less  in  amount  than  the  energy  of  the  stimohtt. 
Neither  this  theory  of  Marshall,  nor  similar  theories  that  hate  jae- 
eeded  it,  throw  much  light  on  the  problem  of  pain,  nor  can  tuj 
refinement  of  speculation  ecmceming  energy^  conditions  in  the  hraii 
l>e  expccteil  to  assist  the  explanation  of  the  cortical  substrate  of  ptin, 
so  long  as  these  theories  base  themselves  solely  or  jjrimarily  npoo  m 
observation  of  the  excessive  exercise  of  muscles  and  sense  oi|pua. 
Although  pain  is  de pendent  upon  intense  stimuli  w  hich  are  genendlr 
dangerous  to  the  well-l>eing  of  the  organism  and  which  generally  pro- 
voke excessive  Ixnlily  reactions,  these  relations  are  far  from  iuraii- 
able  and  do  not  furnish  a  satisfactory  basis  for  the<jries  of  the  natoR 
and  origin  of  pain.  Such  theories  are  strictly  of  jisvchophysicil 
origin^  and,  in  deducing  i>h\'siological  hypotheses  from  observatioitf 
of  tlie  psychophysiology  of  ^oss  bodily  organs,  they  ignore  i]n]»f- 
taut  psyehnpliysiologieal  conditions  that  have  been  brought  to  light 
by  the  newer  investigations  of  histolog\^  and  neuroimthology. 

The  Psychophysiological  Pteoblem. 

Attention  has  already  been  given  to  the  fact  that  tnulitional  ibt- 
chcih^g  V-  It  ntks  u\Kin  ditTerenees  in  sensation  as  referable  to  differait 
sense  organs.  The  so-called  "  five  senses**  is  a  traditional  clasdfio- 
tion  of  the  jieriiiheral  agents  of  perception,  that  h^l  some  significaiioe 
when  physiology  concerned  itself  chiefly  with  the  prooessee  of  tnJU^o- 
scoj^ie  organs.  It  has  little  value  at  the  present  time,  except  thjitof 
cnnvonien(*e  in  refemng  to  tlie  different  groups  of  sensory  stmctmeSk 
The  theory  of  sjiecific  sense  energies  took  its  orij^n  in  partfrott 
this  n/fi^rence  of  a  difference  in  sensation  to  a  difference  in  aenae  Of* 
gan.  T)ut  in  fiart  also  it  is  derivative  from  the  investigations  and  ttetK 
ries  (if  Midler,  Pnrkinje^  Goethe,  and  others  as  to  the  nature  of  pha&- 
tasies,  ilhisious,  and  halhieinations.     In  these  early  formulatioiis  of 
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the  theory  of  specific  energy,  originated  thfi  toiiilency  of  to-day  in 
p8ychf)l(iKy  to  refer  memory,  imagination,  and  idoation  to  the  ftame 
hraiu  organ  that  mediates  sensatiuti  and  iioreeption.  Helmhnlz  is 
said  to  have  followed  a  siiggeKticm  t>f  NatJiiison  in  formidating  the 
dictum  of  Uie  theory  of  Bpeeific  energy  that  no  orgjxn  cau  exercise  two 
or  more  fiinetions  diflerent  in  kind.  There  niunt  he  a  single  responHe 
with  a  Hpecihc  HenBation  to  every  Hort  of  Btiinidation  nf  the  organ. 
Thi8  theory  in  rightly  or  wrongly  a(*cei>ted  at  tlie  present  day  im  a 
working  hyjiothesis  in  the  pxycho]>hyHinlogy  of  Hennation^  and  IiaH 
iuangiirated  a  searcli  for  i>liyHiolvigit*ally  and  anatomically  differen- 
tiated sense  organs,  ]>eripheral  nerves,  nerve  tracts  and  centres  ot  the 
cerebral  cortex,  an  tlie  basis  of  s]>Bcilic  differences  in  sensation.  The 
theory  of  the  specific  energy  of  the  totid  sense  organ  fii'st  fonnd  ex- 
pression in  a  dogma  that  later  investigation  proved  to  l>e  untenable. 
This  was  the  theory  that  every  nerve  fibre  w^is  capable  of  one  form 
of  nerve  excitation  and  no  other.  The  search  for  pcri|>heral  ])ain 
nerves,  litiwever,  still  continueH,  althongh  this  earlier  inter|>ret/iti(m 
of  the  s]»ecific  energy  of  nerve  fibre  has  lieen  abandoned. 

The  study  of  cortical  ijliysioltigy  is  turning  attention  from  the 
perii*heral  to  the  central  termination  of  the  sensory  tract.  It  may 
l>e  said  that  the  accepted  belief  is  that  every  distingni.shabl\'  dif- 
ferent sensation  Inis  a  k>c*all\'  tlifferentiated  cortical  cell  or  grrntp 
of  cells  as  its  anatomicnl  basin,  and  that  such  eeidral  neural  m\\i- 
atrate  can  function  %vith  its  specific  sensation  and  no  rather.  Wundt 
is  one  of  the  few  psycliopliysiologists  who  maintain  that  specific 
8en.se  energy  may  be  a  differential  function  of  one  and  the  same  per- 
ipheral, if  not  central,  organ.  These  are  two  contrasting  points  of 
view,  and  I  shall  now  proceed  to  inquire  to  what  extent  specific  dif- 
ferentiation in  Ijoth  structure  and  function,  or  ditVcrentiation  in  fvmc- 
tion  alone,  can  l)e  correhitcd  with  pain  sensation.  For  this  purpose 
I  shall  present  the  various  parts  of  the  discussion  in  the  following 
order:  (1)  the  i*eripheral  sense  orgatj;  (2)  the  l^f^riI*heral  nerve  or 
peripheral  sensory  neuron;  (3)  the  conducting  neurons  of  the  spinal 
cord;  (4)  the  conducting  neurons  of  the  brain;  (5)  the  cortical 
neui'ons. 

The  Periphei*al  Snm*  f hi  fan  ttr  Sperhlizf'ff  Xrrve  Ettdhtg. 

Goldficlieider  was  among  tln^  first  to  call  attention  to  tlie  inter- 
rupted distribution  (jf  heat,  ct>ld,  pressure,  and  pain  sijots  over  tin* 
surface  of  the  l>ody.  Corroborated  by  later  investigations,  his  results 
demonsb'ate  tliat  there  are  functinnally  specific  sensory  siiots  on  tlie 
skin  which  are  s(*nsitivB  to  iiain  stimuli,  ttiat  is,  respond  to  stimula- 
tion with  a  pain  psychosia,  and  thcicby  diflVrentiate  themselves  from 
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other  parts  of  tlie  skin.     Thi8  fact  would  seem  to  compel  an  aasunip- 
tiou  of  the  existence  of  a  specializeil  sensory  cell  or  of  a  specmlked 

ner\^e  terminal  for  puin. 

Later  resultB,  also,  including  those  of  GokW'heider,  von  Frej, 
Nagel,  Dessoir,  Singer,  and  others,  desjiite  what  is  ofteutiices  cod- 
flicting  tefttinionj,  demoni^trate  with  sufficient  clearness  and  sati*- 
factorinesH  the  specific  pain  fiinetion  of  looa.lized  areas  or  **siiote"  of 
the  skiu.  It  has  not,  however,  been  p<jssible  to  iirove  satisfaH^inlv 
that  the  pain  spot  reacts  with  pain  only  to  all  hjrms  of  stiniul&tioji; 
but,  in  Wundt's  ojaniou,  this  is  equally  true  for  cold,  hejit^  and 
])rea8ure  spots.  Despite  the  specific  physiological  character  of  the 
I  Jain  s]>ois,  the  modifications  in  pain  production  due  to  stiu»nlati«m 
are  such  that  it  cannot  as  yet  be  uiaintained  that  this  functiuiiaJ 
differentiation  is  dej  pendent  upon  a  difference  in  structure. 

There  is  no  anatomical  or  i>athological  evidence  of  a  direel  floft 
deinonsti'ating  a  terminal  organ  ot  pain,  idthough  e\4dene45,  coming 
from  many  sources,  is  abounding  to  show"  a  market!  functional  dif- 
ferentiation in  i>erip]ieral  sensibility  to  ]>ain  over  different  areas  of 
the  skin  under  normal  contlitions  and  over  the  same  are^is  under 
patliologieal  conditions.  For  example,  ice  in  the  hand  will  produce 
cold  and  pain,  while  in  the  stomach  it  excites  pain  only.  Local  or 
peripheral  anaesthetics  will  cause  a  loss  of  pain  withniit  the  aheeoca 
of  ofchov  ilernial  sensations.  Touch  heat,  cold,  pressure,  paun,  afid 
the  deeper  Hensatittiis  composed  of  muscle,  joint,  and  tendon  sensa- 
ti<ins  may,  in  lesions  of  central  origin,  as  w^iU  be  shown  later,  be  lost 
independently  over  large  areas  of  the  body  or  over  circnmscrilieil  re- 
gions. Within  the  region  of  anjesthesia,  the  loss  of  these  different 
sense  qualities  is  variable.  Pain  characteristically  is  most  easilT 
lost.  Heat  iind  cold  follow  next,  w^hile  touch  is  seldom  lost  and  the 
kinicsthetic  sensations  almost  never.  Nearly  every  possible  eombiii&- 
tion  of  sensation  losses  has  been  repoi-ted  in  cases  of  spinal  lesion. 
These  facts  taken  together  clearly  demonstrate  that  the  terminals  of 
some  or  all  ihn^inal  nerves  function  specifically  with  pain  prmluction 
and  furnish  almost  sufficient  evidence  to  warrant  an  assumption  of 
tlie  existence  of  a  i)eripheral  end  organ  of  pain.  Whether  such  a»* 
sunii)tion  is  justified  or  not  remains  a  matter  of  opinion;  in  any 
event  J  the  case  for  a  specific  end  organ  of  pain  is  as  well  n 
for  that  of  the  other  dermal  sensations. 

The  Peripheral  Nerve  Fibre  or  Peripheral  Se^isory  I\ 

Tliere  m  much  evidence  pointing  to  a  specific  pain  fui 
all  of  the  periplieral  sensory  neurons.  Although  thr 
Goldscheider,  Blix,  and  Nothnagel  may  not  be  abk 
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tlmii  tliree  ilifferent  iwriplieral  i>a4li8  eveo  at  the  nei-ve  roots,  autl  thus 
there  is  little  or  bo  anatomical  evidence  poiiitiug  unequivocally  to 
the  existence  of  four  tlifferent  [peripheral  nerves  nor  even  of  three; 
still,  ])atbological  rei^iilts  are  clear  in  demonstrating  the  same  hmc- 
tional  nuxlitication  that  the  results  of  experimentation  on  localized 
jmin  spots,  refeiTed  to  in  the  preWous  section,  have  Mlvanced. 

It  is  remarkable  with  what  exactness  ilisturliances  in  pain  sense 
can  be  localized  on  the  periphery.  The  most  careful  examination 
that  has  yet  lieen  given  of  restricted  or  elective  sensory  paralysis  in 
localized  areas  is  that  *jf  Llewellen  F,  Barker,  the  results  of  whose 
examination  of  an  aujesthetic  area  of  his  own  ann  are  conclusive. 
His  case  is  descril^ed  as  a  circumscribed  unilat-eral  and  electi\'e  sensory 
paralyvsis.  For  nine  or  ten  3  ears,  the  invefttigaior  bad  had  akmg  the 
inner  middle  side  of  the  left  arm  radiating  pains  which  were  i^oue 
to  api>ear  on  stantUng  for  a  long  tim*^  or  after  a  long  walk,  especially 
when  overtired  or  a  little  nin  down  111  lu^aHb,  Sensations  of  numb* 
ness  and  formication  had  lieen  noticeable  and  were  refen'ed  to  the 
same  area  and  also  in  the  little  finger  and  ulnar  sitle  of  tlie  f forefinger. 
The  paiiLH  coidd  1>€^  stopj>ed  by  lying  down.  There  batl  l>een  no  other 
symptoms  to  modif\'  this  clinical  ]>irtiire.  Tiie  last  cenical  vertebra 
exhibited  in  fnmt,  wliere  it  could  \n^  seen,  a  finjcess  firmly  attached  tf) 
it,  which  is  described  as  a  "cervical  rib/'  Along  tlie  aftVct^?d  area 
were  found  certiiin  areas  of  anient liesia  and  analgesia,  whose  limits 
could  be  determined  with  tolerable  accuracy  by  tiuick  nietbt)ds. 
This  was  done  for  cold,  heat,  preissure^  and  pain.  The  difi'erent 
sense  points  and  their  thresboKl  stimiUi  were  then  carefully  deter- 
mined by  exact  methods  of  IrH^alizatirm  and  measurement.  The  arm 
was  divided  into  a  number  of  sections  according  to  the  course  of  the 
visible  cutaneous  veins  and  also  with  regard  to  certain  irregidarities. 
Gelatin  i)aper  was  laid  on  the  arm  anil  a  copy  made  in  position. 
For  each  quality  of  sensatittn  a  Hjiecial  plaster  cast  was  made,  upon 
which  w^re  traced  the  sensitive  spots  exiu-tly  as  found  upon  the  aiin. 
The  disturbance  was  found  to  he  limited  to  the  region  of  the  nem 
cutanei  brachii  et  antebrachii  mediales  of  the  left  arm.  Within  this 
area  warmth,  cfdd,  jiressure,  touch,  and  tickle  sensation  were  alisent. 
Pain  was  present  on  superficial  examination,  I  nit,  wdth  accurate  test- 
ing, some  diminution  in  the  nimibcr  of  pain  iK>ints  could  be  demcju- 
strated. 

On  the  flexor  surface,  passing  from  the  radial  to  the  ulnar  half, 
the  sense  points  fur  warmth,  cold,  and  prensure,  which  t>n  the  radial 
side  w^ere  present  in  normal  numbers,  suddenly  ceased  when  adv^iuc- 
ing  beyond  the  anaesthetic  border*  In  jjassiug  over  the  ulnar  margin 
of  tLe  foreai'm  to  the  extensor  sui-face,  single  sense  points  here  and 
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tliere  again  ap|ieared,  increasing  giiulually  in  miinbers  iowaitk  the 
radial  margin,  but  ooi  teing  present  in  normal  niimbeiB  until  tlie 
margin  was  nearly  reached* 

The  limits  described  showed  variations  in  detail  for  different  seoae 
qualities*  They  followed  the  name  rule  im  on  the  normal  skin,  pressure 
l>eiug  ^^reateat  in  number,  cold  and  warmth  following  in  d 
number.  Single  sense  points  or  groui**^  of  jmintH  of  one  kind 
to  be  foimd  IcK^ated  in  phices  where  none  of  the  other  aenae  ciuftlitiis 
wjus  repreHented. 

Sense  points  of  the  paHially  anresthetic  area^  whether  these  were 
isolateil  or  mixed  with  others,  as  well  iis  poiut8  on  tlie  border  of 
the  normal  and  anassthetic  skin  reacted  to  normal  threshold  stimuli* 
Thin  coultl  te  positively  stilted  for  the  i>resBure  and  pain  pointH 
from  numerous  detemiinations  of  threshold  stimuli.  The  indindoal 
L'tAd  points  and  warm  points  showed  considerable  differences  in  excitn- 
bility,  but  these  differences  did  not  api)ear  to  be  more  than  in  nomml 
lureas.  Thus  the  sensation  of  pain  was  caDed  forth  on  very  taanj 
siiots,  but  the  pain  points  did  not  lie  so  close  together  as  in  nomud 
areas.  There  were  painless  spots  of  more  than  several  square  milli* 
metres  in  area. 

The  disturbance  of  x)ain  sense  in  general  was  so  little  nmrked  thai 
it  might  have  1)een  thought  to  be  only  an^.sthesia  to  other  sensaliaiis* 
For  example,  in  some  aretis  careful  testing  showed  that  prit'ks  with  a 
tine  needle  gave  only  pain  without  calling  forth  i*revious  touch  or  pres- 
sure sensations.  Thus,  also,  ice  gave  no  sensation  at  all  at  lirst,  then 
pain,  A  stimulus  of  47"  C.  (116.6"^  F.)  and  upwards  very  quickly 
caiiHed  fmin  but  no  sensation  of  warmth;  heat  pain  existetl,  therefore, 
withoot  heat  sensation.  On  some  points  this  could  he  attained  witii  a 
stimulus  of  44i '  C.  (114.8  F.)  but  hardly  ever  under  50  C.  (122'  F.). 
The  stimulation  according  to  the  author  was  apparently  due  to  pain 
organs;  threshold  pain  with  mechanical  stimulus  tested  by  von  Frer's 
test  hairs  VRriod  within  the  same  limits  as  in  normal  areas.  A  cerrioil 
rib,  the  author  maintains,  has  recently  l>eeu  shown  to  give  rise,  through 
])reswure  tm  the  liraehial  i>lexus,  to  disturbances  of  sensibility  a»l 
mfitiiity,  wliii-h  disai>poared  cm  resection.  At  the  site  of  the  disturli 
anre  the  sensory  jiaths  ]imst,  in  his  opinion,  all  be  arn^nged  with  re- 
gard t<j  the  iJerii^hend  distribution  if  one  is  to  explain  ^'^-^  '--^  ***-♦ 
thr  two  above-mentioned  cutanetnis  nerves  alone  had  bee' 
As  physirilogical  experimentatitm  shows  that  nerve  fibres 
and  extensirm  of  one  ]H>rtiou  f  »f  a  limb  are  not  evenly  distri 
a  nerve  trnuk  but  are  arrangeil  according  to  functions,  the 
me  lit  may  also  liold  fc>r  the  sensory  nerves  with  reganl  t* 
paths  wliieh  they  are  to  follow  within  the  s]>inal  cord.       
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case  the  majority  of  pain  nerves  were  retalDed  wliile  othera  in  great 
number  bad  di8ai>i)eared,  for  some  areas  of  tlie  Bkiri  even  completely. 

Cases  of  sensory  election  with  such  definite  sennation  looses  as 
those  recorded  alxive  are  rare  in  affections  of  jjeripheral  nerves,  be- 
cause these  generally  cause  t*)tid  and  not  partial  seustjry  disorders. 
A  sufficient  number  of  cases  exist,  jvarticidarly  of  !ei>rous  neuritis, 
to  elifjw  that  the  loss  of  pain  is  not  uDcommon  in  jieriphend  lesion. 
Biernacki,  moreover,  has  called  attention  in  tJie  fact  tbat  pressure  on 
the  nervus  ulnaris  will  cause  a  partial  or  total  anaesthesia  for  pain 
and  temi)erature  with  little  diminution  in  sensitivity  h*  i>ressure  and 
with  entire  ]>re8ervHtion  of  sensations  of  simple  contact  and  with  in- 
tact motor  seusations  aud  normal  localization.  Algesia,  h(>wever, 
does  remain  in  these  ca^es  as  faradic  stimulatirui  will  excite  i>ain; 
this  Laelir  Ijelieves  may  he  due  to  the  conduction  of  the  faradic  cur- 
rent  to  j^ain  nen^e^  outside  of  the  atiected  rogifjn  which  afterwards 
refer  into  the  region  al  stimidation  through  the  intact  localization 
sense.  It  is  also  possilile  that  compression  may  produce  a  func- 
tional depreHsion  of  the  pain  nerven  of  such  character  that  they  are 
capable  of  being  excited  hy  a  .single  form  of  stimulation  aud  not  by 
othern,  or  else  that  the  pain  function  is  a  physiological  function  of 
the  other  nerves.  Pick,  also,  reporiH  a  case  of  traumatic  lesion  due  to 
lying  on  the  right  slioulder,  which  jtrescuted  a  com])lete  loss  of  tem- 
l>erature  seuaationH  iu  the  forearm  and  hand,  with  j^ain  and  coutact 
jjreserved.  Cavazzani  reports  au()ther  exhiliiting  unetpial  Iosh  of  tem- 
perature and  pn^ssure,  due  to  a  wtumd,  and  wliich  was  cured  on  heal- 
ing (if  the  wound.  J.  B.  t'harcot  rei>orfc.s  a  case  presenting  an  acut^ 
swelling  of  tlie  right  hand  with  a  dead  feeling  of  the  hunt  two  fingers 
followetl  by  total  analgesia  and  tliermauastlieHia  with  some  muscular 
atroitliy.  After  surgical  treatment,  consisting  of  the  removal  of  a 
cicatrix  from  the  region  of  the  palmar  pru-titm  of  the  ulnar  nerve, 
there  was  a  ctMuyjlete  return  of  sensation^ — iirst  cold,  then  pain,  then 
warmth,  with  a  slow  rt^coverv  from  tlie  muscular  atrophy. 

Laehr  has  collected  a  nnndier  of  cases  of  lepra  nervosa,  exhibiting 
dissociated  or  elective  sensory  paralyses,  Ain<*ng  these  cases,  Pitres 
reports  (me  showing  analgesic  and  thermanjcsthetic  spots  existing 
conjointly  over  large  areas,  while  Rosenbach,  Salu'iizes,  Hchlesinger, 
Jiicoby,  Mares  taut,  Prus,  and  others  report  that  analgesic  spots  may 
also  exist  alone  or  in  rnmbi nation  with  similar  aua'sthf^sia'  of  greater 
extension.  The  last  two  also  refjort  ctmjnined  ta(*tile  disturV^ant^eSj 
and  Thiluei-ge-Bndd  reports  a  tobd  analgesia  and  tliermana*sthesia 
of  the  extremities,  frt^ni  tlu^  eliMUv  and  knee  downwards. 

These  castas  present  the  most  direct  proof  of  the  functhmal  loss 
uf  pain  sensibility  by  one  or  more  of  the  peripheral  ner\'es.     We  ma^' 
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therefore  conclude  tliat  affections  of  the  peripheral  aensonr  nenron 
may  cause  the  siugle  loss  of  pain,  which  mimt  be  ascribed  either  to 
the  cessation  of  the  function  of  a  spec^ific  pain  nen^e  or  to  the  loaa  dt 
the  pain  function  of  one  or  all  of  the  dermal  Eer\^es.  While  this  cre- 
ates a  ntron^  pi-esumyition  in  favor  of  the  existence  of  a  pain  nerre, 
the  proof  of  its  existence  canuot  be  rej^arded  iis  conclusive  witboai 
more  direct  anatomical  demonstration,  inasmuch  as  the  action  of  pres- 
sure, as  in  Barker*s  ease,  and  of  neuritis,  may  possibly  be  to  stop  tfie 
pain-conductiQ^^  function  of  all  the  peripheral  nerves,  leaving  their 
other  functions  intact*  This  is  a  plausible  hypothesis,  at  least,  1»- 
cauHo  the  maximal  nature  of  the  pain  stimulus  permits  the  infereiioe 
that  the  selective  aetiou  of  pressure  on  a  ner\'e  is  to  limit  its  range  of 
response  to  the  stimidus,  without  causing  it  to  ce^se  its  functions 
entirely.  For  the  practical  [lurposes  of  diagnosis  and  study  in  cases 
I)resenting  elective  amdgesia  and  liy  jjalgeeia,  it  seems  to  me  justified 
by  convenieuce  ami  sufficiently  in  accord  with  the  factn  to  sjjeiJ^  of 
the  functional  disturbance  as  due  to  the  disorder  of  a  pain  nerve^ 
leaving  it  f«*r  futur*3  anatomical  denxmstration  to  ascertain  whellMr 
the  i)eriplieral  neuron,  in  this  case  the  pain  nerve,  has  but  one  or  s 
number  of  wensory  functions. 

The  Vonfiiftiloii  Nenron  nr   Iraci  of  (he  Spinal  CortL 

The  evidence  tliat  I  Hhall  now  present  1  tearing  on  the  existence  of 
rtpei-ific  trat'trt  or  neurons  in  the  t^pinal  cnrd  tor  the  conduetiou  of  j^iaiu 
stinnili  will  be  divided  a4'roriling  ti>  the  methoils  of  invcvHtigatiun  into 
three  sectiims.  In  tlie  first,  I  shall  s|>eak  of  the  ex[)eri mental  evi- 
dence for  Hpofializrd  [lain  trat^ts,  in  the  second  of  the  patfiologicsil 
evidence,  and  in  the  third  of  the  evidence  obtained  from  the  phe- 
nomena of  referred  pains. 

It  is  ;i  w(4I-kiinwii  fact  tliat  even  under  normal  conditions  there  is 
a  del;iy  in  the  annisal  of  imin  when  pain  and  other  sensations  are 
, caused  In  f»!ie  and  Uje  same  stimuhm.  The  cntting  knife  gi^'es  rise 
to  a  series  c»f  sensations  of  which  touch  is  the  tirst  to  arise  in  con* 
scirnisnesH  and  pain  probably  last,  Burkhart  has  called  attention  to 
tit  is  delay  in  tlie  conduct  ion  of  pain  stimuli  under  normal  conditions; 
Osthof  long  ago  showed  that  in  tabes  dorsalis  there  w^as  slowness 
of  conduction  for  all  seni^iory  stimuli  and  that  pain  w^aa  moi 
than  touch,  A1>normal  retardation  in  pain  conduction,  \ 
be  referred  to  disorders  of  tlie  spinal  cord,  seems  to  provi 
pain  producing  nerve  stimulus  diffei-s  from  the  other  stii 
owing  to  its  l>eing  couflucted  along  diflferent  tracts  or  els© 
ing  with  CfMiilitions  of  increased  resistance  in  the  same  tn 
was  one  of  the  first  to  maintain  that  the  selective  action  ol 
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upon  pain  required  one  to  believe  that  there  are  different  paths  of 
conduction  in  the  spinal  cord  for  touch  and  pain,  and  the  results  of 
his  experimentation  went  to  prove  that  the  former  are  in  the  white  sub- 
stance and  the  latter  in  the  gray.  Brown-Sequard,  and  Gad  and  Hey- 
mann,  maintain  that  the  gray  matter  in  the  cord  alone  ia  responsible 
for  pain  conduction.  On  the  other  hand,  the  imporbmee  of  the  lateral 
tract  for  pain  has  been  emphasized  by  Ludwig,  Woroschiluff,  Gowers, 
and  Sherrington,  and  the^t-  alliuiite  in  denying  the  decussation  of  the 
pain  tract.  Ley  den  and  GoltLscheider  maintained  that  while  anatomy 
and  patho-anatomical  facts  show  that  localized  pressure  seu>(ations 
are  conducted  tlirough  the  posterior  column  of  the  same  side,  i>ain 
and  temperature  are  conducted  through  the  gray  substaut^e  and  its 
commissural  fibres,  perhaps  also  through  the  column  cells,  but  that 
I>ain  conduction  is  at  all  events  doul)le-sided.  Bottarzi  from  ex]>eri- 
ments  on  the  .dog  w^is  led  to  belie \'0  that  a  lesion  of  one  side  of  the 
cord  produces  lesion  of  motility  iiud  temperaturr>,  while  a  lesitm  oi  both 
sides  prfKluces  liypalgeHia.  Turner's  oxperimeyts  uium  aj^eH  siK^med 
to  show  that  all  sensory  tracts  of  the  lower  extremity  cniHSod  sonn 
after  entrance,  wliereaH  this  is  only  the  ciise  for  pain  and  t^^mpj^rature 
in  the  upper  extremity;  but  Rb^tt  believes,  also  from  exiJcrini«'nts 
upon  apes,  that  i>resrture  and  nmsde  sense  cross  while  i)ain  and  heat 
are  on  botli  siiles.  Bei'ht<^r"ew  has  shown  on  the  dog  that  section  of 
Ixitli  lateral  tracts  ami  [Kisterinr  halves  uf  the  cord  i>roduccs  anal- 
gesia <july  when  the  sertion  is  a  little  anterior  U*  the  pyramidal  trart, 
and  Hnlzinger  rnrn iborat^^s  him  in  this,  maintaining  further  that  llie 
pain  fibres  are  tu  \w  found  in  the  middle  third  of  t!u'  lateriil  (*nlunin 
just  anterior  to  the  fiyramidal  trat-t, 

^Vruid  this  conflicting  evideuce,  the  clear  fact  stands  out  of  the 
recngiiitinn  of  a  sp€H"ializ4*d  conductimi  tract.  The  evidence  set^jns  to 
lie  in  favor  of  h)catiug  this  tract  in  the  gray  matter;  pain  and  tem- 
perature seem  to  l>e  associated  locally  in  the  cord,  and  the  regions  most 
favored  by  a  majority  cjf  the  aatlioritics  are  tlni  gray  tracts  and  the 
hiteral  tracts.  Thf^  evident-e  of  deL-ussatinn  is  quite  ctmllictiug. 
Laehr's  conclusion,  which  will  be  considered  later,  harmonizes  these 
conflicting  oi)inions,  in  setting  forth  that  the  pain  tract  is  first  of  the 
same  side  and  subsequently  crosses  through  the  gray  commissure  to 
the  opposite  side,  where  it  courses  for  a  short  distance  in  the  gray 
column,  finally  entering  the  lateral  column  close  to  and  somewhat 
antt^rior  to  the  crossed  pyramidal  tract.  Wundt  is  in  accord  with  Hchiff 
in  accepting  a  specialized  conduction  tract.  He  believes,  however, 
that  this  does  not  necessarily  prove  the  existence  of  specialized  pain 
neiTcs,  but  that  the  sfinnduH  is  conducted  1>y  all  nerves  to  the  sfanal 
cord*     Under  normal  conditions  a  stimulus,  if  of  moderate  intensity, 
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will  i*HBH  up  the  white  tracfos  without  affecting  the  ^r^j  tracts,  but  if  < 
greater  intensity  it  flow8  over  into  the  gray  tract,  giving  rise  to  t 
8tijiiuhiB  that  nltimiitely  provokes  a  jwiin  sensation.  TLe  gray  aab- 
stance  tlierefore  condncts  i)eripheral  stimnli  of  maximal  inteositjr 
only,  while  the  white  substance  transmits  those  of  all  intenaitieA. 
This  theory  makes  the  pain  sensation  an  associated  sensatic^u,  doe  tu 
the  reference  of  part  of  the  stimulus  into  the  specialized  tract  in  the 
gray  nubstance, 

8\  riugomyelia  and  other  diseases  of  the  spinal  cord  Lave  nuide 
the  phenomena  of  selective  aQjeHthesia  familiar.  Ro«s,  Starr,  Sher- 
rington, and  Tborl>tira  were  among  the  lii>it  to  call  attention  to  tLe 
fat*t  that  amestliesiic  of  spinal  origin  were  very  different  from  iiwm 
of  J jeri liberal  origin,  in  that  the  hitter  were  usoally  total  or  general 
tjver  the  area  of  distribution,  whereas  the  former  w^ould  show  tlie 
drop|>iiig  out  of  one  or  more  qimlities  of  seuaati^ju  only.  It  will  be 
unnecessary  for  me  to  present  in  any  detail  the  familiar  sym^itc^nis  of 
Byriugomyelia.  In  a  recent  contribution  ou  the  disturlmnceB  in 
pain  and  temperature  sensations,  Laebr  haaS  taken  rxrcasiou  to  mdte 
a  rSmfifU'  of  cases  of  spinal  lesions  wdtb  loss  of  pain  and  tem[>eniture 
sensation,  and  has  given  them  a  critical  examination  in  conjuurtintt 
witli  an  i>xi)€)sitiou  of  eleven  new  cases  of  bis  L*wn,  seven  of  wliich  were 
caHCS  of  syringomyelia^  two  pi'esented  the  Brown-Secpiard  complex, 
Ixjing  <me-sided  lesions  of  tlie  upper  cervical  cord  and  bnlh,  one  ims 
a  double-sided  affection  of  the  doi-sal  cord,  and  the  last  a  case  of 
hicmat(jmyelia  of  the  conus  mediillaris.  The  analysis  of  his  own 
cases  and  a  tbnr*>ughgoing  examination  of  the  entire  literature 
seems  to  justify  the  conclusion  that  the  extension  of  partial  tUsturb- 
HI  ices  of  sensation  on  the  skin  in  Hyringomyelia  aud  other  disonlera 
situated  centrally  iu  the  spinal  cord  is  characteristic  df  segmental 
disturbances;  in  this  respect,  these  lesions  present  analogies  with 
the  cases  of  I'ef erred  paius  to  Ije  considereil  in  the  next  following  imm- 
graphs.  In  the  n^gitm  of  the  trigemiuns,  iilso,  the  extension  of  th* 
1  martial  sensory  disturbance  correspontUng  to  the  central  focus  iA  the 
lesion  seems  to  diflVrentiate  itself  according  to  tlie  territ*jry  of  dis^ 
tribuH<m  nf  the  Jierve  trunk  aud  its  three  branches.  The  disturlmuce^ 
in  so  far  as  it  iuvolves  paiu  aud  temi)erature,  is  to  \m  referred  to  the 
posterior  gray  substance  at  a  detinite  level,  although  tb< 
rcfr/nvaci^  is  nf>t  tlie  same  f(3r  partial  as  for  total  disturliiu 
further  coucludes  that  tJie  tracts  for  paiu  and  temi>eratn 
pfKstrritir  htrrn  on  the  same  side,  decussate  later  in  the 
the  titber  sidi%  and  subse(|ueiitly  uniti^  into  compact 
proceediug  centrad  poHMibly  in  the  hitcral  column*  Th 
in  the  gray  Huljstauce  generally  causes  a  selective,  nj 
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Batne-Bided  sensation  tlisturlmnce ;  their  deBtructioD  in  tlie  white  bu1> 
stanca  gives  riee  to  an  auBBStliesia  for  thtj  entire  lower  opposite  part 
of  the  body. 

Despite  conflicting  evidence  as  to  the  relative  freciuency  of  sensa- 
tion loss  clue  to  8i)inal-cord  diseases,  the  cases  are  clearly  enough  in- 
dicative of  the  ease  i*dth  which  pain  and  temperature  may  go,  while 
there  is  a  relatively  greater  retention  of  pressure,  touch,  and  motion 
sense. 

The  localization  of  the  lesion  is  fraught  with  cousiderable  diffi- 
culty, and  there  are  many  conflicting  cases,  but  the  anah  sis  of  Liiehr 
seems  to  harmonize  most  of  these.  Charcot  aud  (inmljanlt  report  a 
case  of  luetic  disease  of  the  cord  with  analgesia  t»f  the  entire  loft  side 
showing  an  injury  of  the  gray  matter  of  the  paiu  fibres  after  crossing, 
Kiiir  reports  an  analgesia  due  to  lesion  of  the  cross-fibres  in  the  gray 
nmtt4^r.  Gowers  lias  recorded  a  case  in  which  a  unilateral  hemor- 
rliage  into  the  lateral  ccjlumn  and  gray  substance  of  the  upper  cervi- 
cal cord  i>roduced  analgesia  and  tliermausesthesia.  In  this  case  there 
WAS  a  comt^lete  loss  of  pain  ou  the  ftjiposite  side  withrjiit  disturbfLoce 
of  touch.  Similar  cases  are  reported  by  Vucetis,  Beevor,  AVilliam- 
son,  Eulenburg,  and  Determau.  Scldesinger  com]»ares  the  sensibility 
disturbances  in  syriugf^nyelia  with  the  Brown-Scfpiard  symptom  com- 
plex, and  arrives  at  a  localization  of  pain  and  t(?mf>erature  tracts  in 
the  cord  which  Latdir's  hyiK>thesis  fairly  well  covens. 

Referred  pains  are  famihar  to  nniny.  Most  of  us  have  either 
suflered  ourselves  or  had  frieuds  w1)<j  have  snifored  from  the  "  ict*- 
cream  nerve**  at  leasts  that  severe  pain  between  the  eyes  after  eating 
of  cold  substiinces.  This  is  a  referred  pain,  having  its  seat  of  origin 
in  the  stomach,  Imt  given  a  false  referenct^  perhaps  through  the  local 
associatitm  of  the  afterent  nerves  from  the  stomach  witii  sensory 
nerves  in  the  upper  cord  distributing  to  the  fiice.  Munro  n^prirts  a 
case  of  ]iain  in  the  front  of  the  cliest  that  could  be  indm'rd  by  frtrtinn 
in  the  fftrearm.  Mittdiell  reiKuts  another  in  whicli  rubl>ing  or  pinch- 
ing a  mole  on  the  leg  gave  rise  to  a  sharp  pain  iu  the  chin.  Stinking 
the  hack  (if  the  neck  in  some  persons  causes  a  pain  and  shivering 
dtiwn  tlie  spine,  and  I  have  knt>wn  apparently  normal  subjects  who 
obtained  definitely  localized  ]iains  through  scratching  or  pinching 
remotely  situated  areas.  A  case  in  point  that  has  just  come  to  my 
notice  {iresents  a  man,  twenty -eight  years  of  age,  who  Inis  hatl 
no  severe  illness,  no  headaches,  no  neuralgias  or  rheunuitism,  no 
tendency  to  hallucinaticm  or  to  hysterical  manifestations,  who  can, 
by  i»iucliiug  the  back  of  the  neck  on  the  right  side,  and  the  lateral 
Iioiiinn  of  the  neck  up  to  the  right  ear,  produce  a  pain  that  is  local- 
ized in  tlie  doi-sal  regions  of  the  back  on  the  left  side,  altliough  he 
Vol.  XI.  -51^ 
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says  that  Bometimes  it  appears  qb  tlie  right  side  also.  The  ] 
often  alBO  referred  into  the  arms.  Scratching  the  area  on  the  ned 
also  produces  gooaeflesh  above  and  to  the  right  of  the  ri>;ht  ^yt. 
Irritation  of  the  collar,  particularly  if  he  has  a  jiiuiple  on  theufck. 
will  give  rise  to  this  referred  pain.  Sometimes  the  Hensntion  ia  mi 
noticeably  painfulj  it  is  merely  one  of  itching.  This  pain  camiDt 
always  b©  provoked  in  this  way,  and  he  thinks  that  it  cannot  be  ii) 
easily  aroused  at  the  present  time  a8  it  was  five  years  ago  when  it 
first  came  to  his  notice.  A  pimple  elsewhere  on  the  body  will  alio 
at  times  produce  pains  referred  to  other  regions,  but  they  are  wm 
referred  into  tlie  legs,  nor  will  a  stimulus  applied  to  the  legs  give  rias 
to  referred  pains  anywhere  in  the  body. 

A  large  number  of  cases  are  on  record  of  referred  pains  doe  to 
pathological  conditions.  Mitchell  reports  one  of  a  shell  womid  d 
the  right  leg  which  at  once  gave  rise  to  a  burning  pain  in  both  fcfl 
and  in  the  right  arm  and  right  pectoral  regions.  Another  sbeB 
\vound  of  the  outer  side  of  the  left  thigh  prtxiueed  an  immediate 
reference  of  x>^iii  to  the  same  area  on  both  le^  bo  that  the  miB 
thought  he  was  shot  through  both  thigha.  This  is  a  croas  ayi^ 
metric  reference  somewhat  similar  to  the  cases  that  have  been  im- 
ported under  the  name  of  allocheiria.  Case  TV.  of  Hutehinsoi'f 
series  is  cited  by  Mitchell  as  being  bji  injury  to  the  median  and  ulnar 
nerves  giving  ri^e  to  pain  in  the  opposite  haod.  Pirogoff  has  a  re- 
port of  the  same  sort  of  cross  reference  from  a  wound,  Anotiifif 
case  of  Mitchell* s  somewhat  approaches  those  of  reference  in  nacenl 
dineasoj  in  that  a  testicle  wound  ai^oused  a  pain  which  was  aloo^  i^ 
ferred  to  the  back.  Hilton  was  the  first  to  call  attention  to  iif# 
pains ;  latterly  they  have  been  carefully  studied  by  a  number  of  in- 
vestigator. 

A  most  instructive  form  of  reference  is  that  condition  to  whiA 
Obersteiner  has  given  the  name  allocheiria.  The  phenomeni^n  pi^ 
sents  a  \r,im  or  otlier  sensation  which  is  referred  to  a  symm^tiie 
part  of  the  brMl\ .  Tbis  was  first  observed  by  Oilers teiner  affectum 
the  bauds,  in  consequence  of  which  he  applied  to  it  the  naioe  d 
allocheiria;  but  it  has  also  been  found  in  the  legs.  Obersteiner'* 
original  couti-ibution  reported  four  cases  of  his  owm  and  live  col- 
lected from  otlier  sources,  one  being  hysterical  and  the  otheis  oe*- 
curriDg  iu  the  course  of  tabes  dorsaUs,  Gowers  mentions  a  pAtwi4 
tbe  subjeut  of  tabes,  who  referred  a  touch  to  corresponding  poiisti 
i>u  both  sides  of  the  body  at  the  same  time.  Gay  reports  a  jec&A 
rase  of  iiurtial  sensory  paralysis  due  to  diphtheria  in  which  sligU 
touches  were  not  felt  at  all,  but  firmer  ones  were  referred  to  csmAj 
symmetric   parts  of  the  opposite  side.      There  was  no  hesiWitA 
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m  localiziBg;  painful  sensations  were  not  tested,  but  tlie  kinees- 
thetic  sensations  of  all  four  extremitiea  were  entirely  gone,  so  that 
the  limbs  could  be  put  into  aU  sorts  of  grotesque  attitudes  without 
the  patient  being  aware  of  anything  but  the  warmth  of  the  hands. 
All  cases  of  alloeheiria,  according  to  Gay,  are  accompanied  by  con- 
siderable ataxia  and  profound  disturbance  of  common  sensations. 
These  symptoms,  in  his  opinion,  aj-e  probably  due  to  an  aflFeetion  of 
the  posteromedian  columns  with  the  posterior  root  zone,  and  include 
the  sensory  decussating  fibres.  But  the  latter  appear  to  be  still  intact 
as  in  no  case  was  the  sense  reported  entirely  lost.  Gay  believes  that 
we  should  explain  such  cases  by  supposing  that  the  common  sensory 
stimuli  find  their  usual  channel  closed  against  them,  and  if  of  greater 
than  normal  intensity,  are  conducted  upwards  by  the  non-tlecussating 
fibres,  referring  in  consequence  to  the  opposite  side  of  the  body, 
Dumonti:>elier  is  reported  to  have  found  that  by  etherizing  one  arm 
in  a  i^articular  position  he  was  able  to  open  painlessly  an  abscess 
situated  in  the  corresponding  area  of  the  opposite  side.  Psycholog- 
ical experimentation  also  has  shown  that  when  practice  in  a  given 
part  of  the  Ixxly  causes  an  increase  in  the  sensory  tliscrimination  of 
that  region,  the  symmetric  region  on  the  other  side  of  the  body  also 
shows  some  iraproveroeut.  Cattell  showed  that  a  stimulus  applied  to 
a  symmetric  portion  of  the  body  with  reference  to  the  reacting  mem- 
ber gives  a  shorter  reaction  time  than  wlien  it  is  applied  elsewhere. 
These  cases  alone  jjrove  that  i)ain  liehaves  as  do  other  sensations 
when  crossed  reference  is  obseiTed.  That  symmetric  parts  of  the 
body  are  thus  shown  to  be  more  closely  connected  with  one  another 
than  with  other  portions  of  the  l3*)dy,  and  that  the  lesion  generally 
affects  coordination  and  muscle  sense  to  a  consideralile  extent,  sug- 
gest that  the  basis  for  this  reference  of  pain,  and  i>erhaps  for  all 
reference,  is  an  associated  involvement  of  the  posterior  colnmnB,  which 
mediate  sensations  of  touch  and  movement 

More  than  ten  \  ears  ago,  Dunn  made  a  careful  study  of  referred 
pain  of  the  cephalic  extremity,  and  recently  Head  has  published  a 
series  of  articles  whose  scientific  value  cannot  as  yet  be  estimated, 
but  whose  principal  conchisions  have  such  important  beariiig  tm  the 
nature  of  pain  production  and  pain  reference  that  they  deserve  special 
consideration.  The  early  parts  of  Head's  contribution  were  concerned 
with  the  disturbances  of  sensation,  particularly  of  pain  in  visceral 
disease,  and  were  based  upon  the  belief  that  some  coordination  could 
be  found  between  the  distribution  of  such  referred  yjains  and  tliat  of 
herpea  zoster.  Visceral  disease  is  marked  either  by  a  ivain  or  by  a 
tendency  to  pain,  that  is,  hyperalgesia  or  tenderness,  which  may  be 
either  local— that  is,  situated  near  the  organ  of  excitation— or  referred 
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I  cMljr  wcMokdlj  eotmeded  with  suidx  cfrg^ML,  MemA 
he  m  abfe  to  wmA  out  fifteen  well-defined  miem^  and  ibt  t 
slid  J  of  tiie  rinrn  at  faetpes  aoeier  shows  thai  the  manilesliliGni  d 
ttwiir  eoaditiottB  appeftr  n^kOD  exacUj  the  same  aiOM  as  tbaaft  wluh 
STO  fandcr  in  wisoenl  dbeaaeL  So  tar  aa  the  viaeetal  Smemamtkm 
are  eooeemfid,  tfieae  anas  might  correspond  to  a&x  l0i«l  of  lik 
apinat  cord  cr  iadaed  ol  the  eotipe  oeatial  nerroos  a jrtem,  or  tktj 
t&%hi  repreaeal  the  stif i^Jj  d  the  posterior  roots  or  periplienl  aav& 
It  is  Head*s  ofiimoii  that  these  areas  represent  the  nerve  sopflj  let 
beat,  cold,  {lain,  anA  trophic  disttibfttioii  of  a  ^Ten  spiBal  i 
at  soBie  (Hutieolar  lewel  ojAt.  The  risc^BreeeiTe  their  i 
from  the  same  segmeDt  of  the  spinal  conl  boux  which  the  fibres  of  ^ 
aoiBalie  sensofx  areaa  arise,  to  which  the  pain  is  referred.  Cttlui 
aqpuis  haTB  a  tendency  to  refer  into  the.  snpplj  of  c^^rtain  nene  pis* 
uses ;  thus  the  losi^,  heart,  liTer,  intestities,  and  stomach  tend  i 
into  that  ol  the  eerrieal  plexos  and  cranial  nerves.  Tbere  v^  i^^ 
gronfje  of  segmenlB  in  tiie  spinal  cord  which,  lioweTer,  are  in  aoe»- 
nectioD  with  the  sensorj  fibies  from  the  risoen.  These  aie  tiie  fifil» 
sixth,  gereDth,  and  eighth  oerrieal  segm^its  fofming  one  graopv  m1 
the  seoond,  third,  and  fourth  lumbar  coDstitnting  the  other. 

Serend  forms  of  the  progresdTe  spreadiiig  of  pain  throQghi 
nation  of  visceral  irritation  are  manifested  Afler  pain  has  : 
localized  in  any  given  region  the  condition  of  the  central  nerfon  SfP- 
tern  becomes  profoondl^*  altered  and  a  tendency  maniCesIs  itaetf  far 
both  fiain  and  tenderness  to  spread,  in  some  cases  eren  to  the  ofipa^ 
Hide  of  the  8aine  spinal  lerel.  A  eomewbal  different  f<inn  of  giam 
abzatioQ  or  spreading  is  the  diffusion  or  spreading  that  ia  sem  h 
to^^tliache,  A  tooth  alone  mav  be  first  affected,  bat  the 
grailtmlly  accentuated  by  neuralgia  as  the  toothache 
is,  the  [hain  i^  referred  to  the  face.  This  is  accompanied  by  distioH 
cutaneous  tenderness  on  the  face  corresponding  to  the  io«:ith  affected. 
If  the  t^Htient  be  amemie  or  the  pain  remains  untreated  iMidilt  betUi 
bec«:^ines  affected,  the  pain  and  tenderness  spread  until  the  whofe  cf 
one-half  of  the  head  and  even  the  neck  has  profoond  fawMJ^^mfW  ow 
areas  which  bear  no  relation  to  the  affected  oigans«  The  n|ifT«^t 
from  oDe  organ  to  an  organ  associated  in  function,  or  rather  to  tibd 
i*{  an  area  c«>rresponding  to  such  organ,  gives  a  third  form  of  { 
izLition ;  thus  the  uterus  and  niammg  are  functionalljr  clcedj  : 
and  pain  and  tenderness  may  spread  from  Uie  area  of  the  fonaertE) 
that  of  the  latter.  The  order  in  which  generalization  takes  plaoe  alio 
Id  Jieate:^  a  condition  of  the  cord  that  may  be  si>oken  of  as  nnjiihrini 
sfiei^'ific  resLstance  of  the  centres  for  the  sensory  impnlaes  boot  f^ 
ous  organs.     There  is  a  tendency,  for  example,  to  refer  pain  iolo  lO 
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organ  of  ilimimBlied  resistance;  thus  duTLng  menBhimtioD,  a  hjper- 
iiietro]>e  wiU  suffer  from  agoniziiig  headache  whicli  may  spread  to 
the  neck.  Any  cause,  even  a  mental  one,  tending  to  reduce  the  resist- 
ance of  the  central  ner\^ous  avBtem  will  thus  promote  generalizatinu. 

It  in  Head's  opinion  that  the  localization  of  sensation  is  not  a 
psychical  but  a  i^hysical  asstyciation.  The  final  result  of  any  given 
stimului*,  nny  it  be  one  acting  upon  the  fuot,  apjiears  in  consciousness 
a.H  the  centre  of  a  conscious  field  which  extends  over  a  more  or  less 
wide  area ;  that  is  to  say,  it  is  not  only  the  point  to  which  tlie  stimu- 
lus is  applied  which  comes  into  consciousness  but  the  whole  foot  *»r 
the  whole  leg.  If  the  power  of  perceiving  i>ain  is  diminished  on  the 
foot  it  is  referred  higher  uji  or  possibly  to  the  corresponding  i>oiiit 
on  the  o]>po8ite  foot.  The  same  rule  ap[)liP8  to  each  form  of  sensa- 
tion. If  the  sensation  of  touch  is  affected,  pain  and  heat  and  cold 
beiug  normal,  touch  only  will  be  referred,  while  heat,  cold,  aud  pain 
are  rightly  localized.  Head  r^btained  records  in  which  only  one  form 
of  the  four  sensations  was  wrongly  hm-alized,  while  the  otliors  wore 
localized  over  the  actual  j joint  of  Htimidation,  In  all  such  eases  of 
WTong  local izjitit>n  the  particular  sensation  which  is  wrongly  localized 
must  be  diminished  and  must  in  A  be  al>solutely  lost  t>ver  the  aflected 
area.  If  it  is  li>st  the  sensation  is  simply  not  perceived.  To  con- 
tinue nearly  in  Head's  words :  **  Whenever  an  area  representing  one 
or  more  spinal  segments  on  one  side  of  the  IhhIv  is  partially  ana^s- 
thetic  while  the  sensatiun  of  the  areas  re[U'esenting  the  same  segment 
on  the  other  side  is  normal,  a  stiuiuliis  to  the  skin  over  the  affected 
areas  is  referred  to  the  (*orresponding  [mint  on  the  normal  side.  If^ 
however,  the  segments  on  both  sides  are  aflected  the  stimulus  is  re- 
ferred to  the  area  corresponding  to  the  area  next  a!)ove  or  next  lielow 
the  affected  sognieuts  in  their  origin  from  the  cord.  The  internal 
organs  are  stnicturos  iif  hm  seusibility  to  touch  kjcation  owing  to 
their  inaccessibility.  It  is  therefore  not  to  be  wondered  at  if  the 
maximum  c>f  pain  is  not  felt  iu  tlie  organ  affecb^d.  A  painful  .stimu- 
lus from  an  intei'nal  organ  is  cimducted  to  that  segment  of  tiie  cord  at 
w^hich  its  sensory  nerve  enters.  Here  it  comes  into  ch>se  connection 
witli  thn  fibrt^s  feu*  painful  sensation  from  th(^  surface  of  the  l^idy, 
ats*)  arising  from  the  same  segment.  As  the  sensor >'  and  locfilizing 
I>ower  of  tlu^  surface  of  the  l^ody  is  enormously  in  excess  of  tliat  of 
the  surface  of  the  viscm^a,  an  error  of  judgment  (»ceurs,  tlir^  dif^'nsiou 
area  lieing  accej^ted  by  etmsciousness,  aud  the  j^ain  referred  to  the 
surhw^e  of  the  body  instead  of  to  the  orgau  actually  affected.  Thus 
both  allorheiria  and  visceral  reference  dejK'nd  for  their  apj^earanee  on 
the  law  that  where  a  painful  stimulus  is  ay^plied  tit  a  part  of  low  sensi- 
bility in  chjse  central  cimnection  with  the  part  of  much  greater  sensi- 
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bility,  the  pain  produced  is  felt  in  tli©  part  of  higber  Beii83n% 
rather  than  in  that  of  lower  sensibilitj  to  whicb  tbe  stimultis  ifl  Ida* 
ally  applied/' 

Yi^cerai  pain  always  xiroduces  exaggeration  of  the  aensd  of  put 
and  sometimes  exaggeration  of  the  sense  of  heat  and  cold  in  the  ddi, 
but  never,  in  Head's  experience,  hypersesthesia  proper.  As  b 
syringomyelia,  pain,  heat,  and  cold  are  prnfonDdly  dlBtorbed,  with 
the  development  of  cutaneous  trophic  lesions,  while  tlie  tactile  ien 
is  unaffected. 

Thu3  the  eeutral  connec^tions  of  the  pain  fibres  from  the  skin  and 
viscera  are  closely  connected  with  one  another,  while  the  central  OOB- 
nections  of  the  nerves  for  heat  and  cold,  and  for  t3X)phic  distnihaooe 
in  the  skin  must  also  be  in  somewhat  close  assBociation,  thoo^ 
prf>bably  not  actually  connected*  On  the  other  hand,  the  nerrea  for 
touch  from  the  skin  are  widely  separated  centrally  from  those  d 
pain.     Am  to  their  intraspinal  paths  Head  does  not  spe^k. 

Mackenzie  substantiates  Head's  results  in  the  main,  thoogli  dif- 
fering from  him  in  many  important  details.  The  former  oontribat* 
other  evidence  bearing  on  these  segraental  relatiouBhii^s,  such  a^  the 
reflex  alleviation  of  pain  in  tbe  central  organs  by  eoiuiter-irritatioa  of 
the  periphery.  His  study  of  the  pilomotor,  or  goose-skin  reflex,  rhim 
some  doubt  an  to  the  definiteuess  of  the  separation  of  the  diffenoi 
peripheral  areas  a«  outlined  by  Head*  The  pilomotor  nervee  ototi 
limited  area,  like  the  nerves  of  special  sense,  may  be  rendered  abnor* 
mally  sensitive  in  diseases  of  the  internal  organs.  A  study  of  tte 
Hpread  of  such  excitation  from  any  given  centre  in  a  cord  seems  ti)  j 
indicate  that  the  normal  }>ath  is  longitudinal  rather  than  transfans  I 
in  direction,  following  the  disix>sition  of  the  perii>heral  nen'e  in  tbe 
longitudinal  or  vertical  direction  on  the  domjd,  hiteral,  and  ventral 
surfaces  ai  the  lK>dy.  It  is  of  some  interest  to  the  psychologist  at 
least  that  tbe  sensation  of  gooseflesh  may  be  produced  without  any 
of  its  chai7u*teristie  appearances,  and  may  indeed  be  produced  in 
regions  where  tliere  are  no  pilomotor  nerve  endings.  In  an  excellent 
cii«e  the  Hubject  was  able  to  mark  out  the  p»eripheral  distribution  of 
the  nerve  from  the  feehng  that  he  had  when  the  skin  over  the  rib 
was  toiit;hed.  Thorbura  also  supi>ort8  Head's  main  contention,  and 
White,  iu  a  study  of  the  exact  sensory  efl'ects  produced  by  lesion  of 
the  spiiml  cnrd,  reports  a  case  of  cutaneous  analgesia  without  aiuee- 
thesia  due  to  compression  of  the  cord  at  the  point  of  origin  of  the 
eijL^hth  dorsal  neiTe  in  wliich  the  areas  affected  corresponded  cloeelT 
to  thrise  of  Head. 

Tbe  examination  of  the  literature  that  has  here  been  made  seem.s 
to  justifv'  certain  conclusions  in  regard  to  pain  cooduction  in  tli^H 
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Spinal  eord.  The  e%4dence  seemB  to  point  to  certaiti  tracts  in  the 
cord  poHseftsing  specific  iiaiii  fimetdoD.  The  gray  matter  of  the  cord 
is  a  specialized  traet  for  the  conduction  of  pain  stimuH  for  a  «hort 
distance  above  the  segment  of  the  cord  which  contains  the  nerves  of 
the  peripheral  distribution.  This  tract,  whatever  its  exact  course 
may  be,  can  be  considered  a  spinal  pain  organ.  The  tracts  possibly 
decussate,  cross  to  the  opposite  gray  matter,  and  finally  ]*a8S  on  into 
the  lateral  column  juBt  anterior  to  the  crossed  pyramidal  tract.  Tho 
neri])heral  nerves  stimulate  thin  central  paiu  tract  or  organ  under 
ceiiain  conditions  that .  dei)end  upon  the  intensity,  the  duration, 
mode  of  application,  and  intermittency  of  all  periplieral  stinmli.  In 
commtm  with  the  nerves  from  the  [>eriphery,  the  viscera  also  refer 
excessive  stimidation  into  this  pain  organ  of  the  s]>inal  cord.  Local- 
ity is  an  ascription  that  is  given  to  the  pain  (jr  other  sensation,  not 
something  residing  in  the  senKatiou  per  m\  Tlie  "local  color"  or 
**  local  sign"  of  j>ain  is  dependent  upon  the  presence  of  other  sensa- 
tions, most  likely  those  of  movement  M'hich  are  so  closely  associated 
with  s|»ecific  ttmch.  These  two  jman  up  together  in  the  posterior 
column,  while  ]»ain  and  temperature  together  course  for  a  while  at 
least  in  the  gray  column;  thus  there  is  less  likelihood  to  l>e  disturb- 
ances of  touch  or  ctjmmon  sensation  than  of  jjuin  and  tem[>erature. 
The  giving  cjf  locality  to  a  pain  depends  upon  the  associated  activity 
of  the  tracts  fnr  touch  or  movement,  both  of  which  at  euch  spinal 
segment  seem  to  l>e  conjoined  with  the  jiain  and  temperature  tnu't. 
The  reference  of  a  given  pain  into  a  peripherfll  j>art  f>f  the  body, 
whether  that  ]iain  be  due  to  a  stimulus  fnmi  without  the  body  or  from 
within,  is  evidence  not  only  of  the  excitaticm  of  pti'ui  tracts  from  that 
regiim  but  of  the  excitation  of  some  other  nerves  than  ])ain  that  give 
Im^ality  to  jiain  stimuli  coming  from  the  regicm  of  their  apj>licatinn. 
In  [)eriplieral  reference,  therefore,  I  1x^1  ieve  that  tli(^  pain  h'act  loust 
be  assumed  to  be  excited  in  visceral  disease,  part  of  the  stimulus  re- 
ferring into  the  pain  tract,  occasionally  also  into  the  temperature 
tract,  but  the  other  tnicts  may  also  be  acted  upon  by  the  stimulus,  and 
these  contrilmte  to  the  localization  of  the  pain  quality.  These  tracts 
must  be  KUp]Kised  to  lie  conjoined  at  each  segment  where  they  enter 
the  cord,  but  afterwards  to  separate.  In  each  segment,  therefore,  we 
have  a  pain  tract  capable  of  receiving  stimuli  from  the  afferent  fibres 
of  the  area  of  segmental  thstribntion  as  well  as  from  the  internal 
organs,  trojdiic  nerves,  and  soon.  The  hicts  displayed  above  h!u»w 
that  it  is  relatively  easy  for  nerves  to  refer  into:  (1)  A  symmetric 
area;  (2)  functinimlly  associated  organs;  f3)  the  segmentiil  area; 
(4)  longitudinally  related  areas.  Suliseipient  investigation  must  re- 
veal the  anatomical  asaociati<:)n  of  the  neurons  of  the  spinal  cord, 
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which  fiiibserveH  the  varied  plieucjineua  of  pain  reference,  and  also  ba- 
iiishes  the  himm  for  a  distiuctiou  iM^tweeii  the  [iai-tH  iilaj-ed  by  outtictl 
and  by  Biiinal  assoeiatioii  in  the  localiziition  of  jiain  and  other  foooi 
of  sensation* 

The  Path  for  ihe  Conduethn  of  Pain  Stimuli  tn  the  Brain, 

The  character  of  the  phenomena  produced  by  inritative  lesiona  d 
the  brain  Btam  in  of  interest  to  the  diagnostician,  no  less  thanttitLf 
IJsychophysiohjgiBt.  In  the  crura  cerebri  we  are  above  the  regiom 
of  eegraental  a8B(K*iation  and  reference.  K  pain  can  be  evoked  b)r 
stimulation  of  tlie  **  carrefonr  sensitif , "  the  evidence  would  seem  to 
be  clear  for  the  existence  of  a  cortical  jjain  centi'e,  antl  the  ar^aa  of 
reference  t)f  such  pain  ought  to  sujJiily  valuable  data  for  tlie  stud)  d 
the  location  of  this  area  and  of  associated  areas  in  one  or  both  heoi* 
BphereH.  The  examination  of  cases  caunot  l>e  said  to  y^ve  may  div 
iiH  to  the  location  of  a  sensory  centi'e  of  pain.  Tbey  are  too  few  in 
numljer,  and  they  demand  a  more  careful  examination  than  has  %A 
Ijeen  accorded  them.  They  demonstrate,  however,  that  t'entral  jjains 
may  l>e  produced  l>y  irritation  or  compression  of  the  conduction  taet 
of  tlie  tluilamus,  and  that  sucli  {laius  may  be  peripherally  referred. 

Such  pain  may  exist  alone  as  a  spontaneous  jiain  or>  oa  som^ 
would  jjcrbaps  call  it,  an  hallucination  of  pain.  It  may  coexist  with 
hypeneHthesia  or  hypa'stho.Hia^  or  hyj^eralgesia  only  may  exist. 

Mrn>ius  denies  the  possibility  of  jirodueiug  pain  through  an  affec- 
tion of  the  cf^utnd  (conduction  tniet.  Desfvite  this  ojiinion,  however, a 
nuiuber  of  cases  have  beeu  brought  forward  by  Etlinger,  Biemivki, 
and  otliei-s,  showiug  the  possibilitjk'  of  the  arousal  of  jmin  thnmghthe 
agency  of  irritative  lesions  of  the  thalamus.  Ediuger's  case  waa  the* 
first  clearly-  to  demonstratt?  the  ]K»ssibility  of  such  central  jiain  pro- 
ductifni.  The  fii-st  symi>tom  mauifested  in  this  cai^e  w^aB  a  boriug, 
tearing  pain,  act^onipanied  by  motor  weakness  occurring  the  first  day 
after  the  attack.  The  motor  weakness  iinpro%^ed,  Imt  the  piin  re- 
mained, leadiug  to  sincide  two  yeai^  after  the  initial  lesion  and  after  a 
nuinbi^rf*f  attempts.  The  lesion  in  thiscjtse  lay  close  to  the  jwisterior 
third  tif  tlin  posterior  segnieut  of  the  internal  eai^Hule,  The  jiart  of  the 
iuner  capsule  wliich  must  ctmtain  the  central  feeling  tr^ict  remained 
intsict,  viz. :  the  middle  and  iioaterior  third  of  the  thalamus.  The 
feeling  tract,  tln^reff^re,  hiy  close  to  the  field  of  degeneration*  but  was 
not  itself  directly  injured.  Tlie  direct  coutjict  of  the  sensory  trat-t 
witli  tln>  diseased  tissue  furnishes  the  anatomical  possibility  for  tie 
])roduction  of  the  hypenesthesia  and  the  jiain  in  the  cross  |>arts  of  the 
body.  Biernacki  reiiorts  a  case  that  is  the  alter  ego  of  EtliDger'^- 
A  woman  of  fifty-four  i>resented  a  symi)tom  complex  of  heailaehe, 
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vertigo,  coughing,  with  severe  pain  for  a  number  of  j^ears  in  the  right 
side  of  the  IkmIv,  aiul  for  five  years  weakness  of  the  right  side  coupled 
with  in  voluntary  movemeiite  of  th©  right  hand  and  sometimes  of  the 
right  leg:  On  movement  of  the  parte,  pain  could  be  produced 
throughout  the  arm  and  leg,  but  when  at  rest  the  pain  was  chiefly  in 
the  elbow  and  knee.  The  touch  sense  was  intact,  although  there  was 
slight  hypmsthesia.  The  localization  ability  and  the  temperature 
and  niUHcle  senses  were  intact  excejiting  a  slight  numbness  to  cold, 
Tliere  was  a  higli  degree  of  h\'peralgesia  t*T  pressure,  percussion^  an*! 
all  passive  moveraenis.  A  vertical  section  through  tlie  left  pulvinar 
of  the  tlialamuft  showed,  on  the  border  of  the  middle  and  posterior 
third,  a  round  pea-sized  cyst  filled  with  tluid  intei-T^^oven  with  connec- 
tive tissue,  and  in  the  immediate  neighliorhood  of  the  inner  capsule, 
which  contains  the  sensory  tracts  that  c<  institute  the  stx^alled  **  can-e- 
lour  sensitif/'  and  which,  according  to  Tiirck,  Charcot  and  his  school, 
is  devoted  in  its  moat  posterior  part  to  touch  and  the  muscle  sense. 
To  this  situatiou  of  the  lenion  is  to  be  ascribed  the  induction  of  tlie 
l>aiu  hy  irritation  of  the  cerebrtil  conduction  tracts,  inasmuch  tis 
hysteria  and  other  possible  explanations  were  excluded. 

Grnif  re|iorts  a  thalamus  lesion  in  a  woman  of  scvctity-four  with  a 
symptom  complex  consisting  of  cljoreiform  movements  in  the  h^ft  side, 
especially  in  the  left  arm,  together  with  hyi>erfesthesia  and  tearing 
jiaius  in  the  same  arm  and  to  a  less  degree  in  the  left  h^g.  The  chorea 
disappeared  in  fourteen  days,  but  the  pain  remained  until  death. 
The  i>aina  in  this  case  wei^e  refeiTed  to  the  o]jposite  side  of  the  body, 
as  a  lesion  was  found  in  t!ie  left  thalanuis  in  the  neigh liorl if >od  <*f  the 
corims  Hubthalamicum  just  over  the  crura  cerebri,  which  was  looked 
ujion  as  the  cause  of  the  excitation  symptoms,  Lauensteiu  reports  a 
case  of  injury  in  the  right  thalamus  with  hemichorea  ot  Cf^rebral 
origin  and  Hevere  pain  in  the  moved  limb.  Api»arently  there  was  mi 
autopsy.  Gowers  and  Nf>thnagel  make  mention  of  hypera'sthesia 
and  s]»ontaiieous  peripheral  i*ain  associated  together.  Mann  roprjrts  a 
case  of  softening  of  the  obloiigaii  in  which  for  six  yeai^s  after  the  cmset 
of  symptoms  the  patient  had  hemlatdie  ajxl  burning  pains  in  the  left 
half  of  the  body  and  riglit  half  r>f  the  face;  there  was  j>ares]s  in  the 
region  of  the  lailliar  nerves  with  general  hyiiopsthesia  in  the  hyperal- 
gesic  region,  but  in  tins  case  the  central  i>ains  were  the  most  emj»lmtic 
symptom;  these  remained  for  five  and  one-half  years.  Cold  was 
called  coril  and  hi  it  was  called  warm,  Vait  i>assive  and  active  touch 
were  intact.  The  lesion  was  close  to  the  conduction  tract,  but  there 
was  no  rompletc  break  in  the  tract,  although  there  was  a  separa- 
titm  of  Siune  fibres.  Ijcyden's  case  of  acute  bulbar  juiralysis  jjre- 
Beuted  painful  formication  of  the  upper  extremity,  while  Marot*s  case 
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of  a  solitary  tubercle  in  the  right  half  of  the  pons  presented  \ 
nearalgic  pains  in  the  left  extreniitiea  with  complete  tuunitbeniii 
of  the  ekin,  the  so-called  nststlieKia  dolor*isa.  Duchek'n  tmnar 
of  the  poiiH  i>rodaced  i>ulling  paius,  f^innication,  going  Uy  ^lesp  d 
parts,  but  iu  this  case  the  pain  soon  creased  and  hyperHnatliaAiji  iif 
the  fat-e  ff»llowed.  Nothiiagel  eites  oliserTations  of  Guinon,  Mftlii* 
not,  and  Eichhorat  of  tumors  and  softening  in  the  ixms,  cafiSiDg 
from  the  first  day  a  passing  by  iiertesthesia  of  the  opixisitG  halves  of 
tlie  lK>dy. 

The  syraptoms  here  produced  by  central  irritation  are  somewhjit 
analogous  to  those  which  Herzen  and  Goldscheider  have  obserretl 
in  cfiinpreHHiun  of  the  nerve  trunk,  and  which  in  one  or  two 
have  heon  fountl  in  compreiision  of  the  8|>inal  cord.  Th© 
may  exist  as  spontaneous  pain  alone;  it  may  exist  witli  hyp«»- 
thesia  and  even  hyi^algesia  of  the  i>art,  or  with  bypeneslbasuiv  or 
the  pain  may  exist  as  a  hyperalgesia  which  i-e<|uir6fi  aomd  stinmliit 
to  evoke  it.  Partesthesia)  also  accompany  affections  of  the  aeuAciry 
tract;  in  such  eases  cold  and  heat  are  firnt  afTect+^d,  touch  and  nm- 
ele  saime  but  rarely »  whOe  ff>rmietition,  jerking,  and  going  to 
are  often  mentioned  as  present. 

Cartical  Pain, 

Both  Edinger  and  Biernacki  suggest  that,  in  some  ceutnd  affa 
tions  due  to  irritation,  spontaneous  pain  may  exist  an  the  only  symp^ 
torn,  and  that  such  pain  may  sometimes  be  of  cortical  origin.     Tlioy 
regard  the  painful  aura  in  epilepsy  as  furnishing  some  eWdencie  of 
cortical  pains,  as  do  also  the  parajsthesia^  of  cold  and  other    '  4! 

sensatitms  that  mixst  be  ascril>ed  to  corticiU  regions.  E<li  _ 
lieves  that  future  investigation  must  show  how  far  the  Bevere  iiaitia  of 
hypochondrifics  and  the  pains  of  hyHt<?rics  art*  of  centnU  or 
Claiboine  presents  a  case  of  subjective  pain,  while  Htarr  rejj^jrtJi 
of  "subconscious  pidn,"  which  he  snocessfuUy  treated  by  hypnotran. 
This  case  was  in  a  girl  of  nineteen,  whose  only  sym[>tom8  were  bibi' 
eral  pains  of  the  arms,  which,  though  not  at  all  sharp  cht  ahootiiigt 
were  sever©  enough  to  make  her  uneasy  and  inc^ipable  of  steady  ooca- 
pation.  They  were  worse  when  she  woke  up  in  the  morning,  and 
frcMpieutly  were  severe  enougli  to  awake  her  from  sleep.  Exirepi 
some  aufemia,  she  had  no  other  symptoms.  The  pain  is  deecrib^l 
by  Starr  as  **  hysterical,  subjective,  mental,  delusional,  and  not  to  be 
ascril^d,  therefore,  as  due  to  any  physical  external  cause/*  From 
a  x>sychophysiological  standjxiint,  serious  objection  may  be  made  to 
this  description  of  the  paiu  and  to  the  ctmclusion  that  it  is  nol  lo  be 
aecribed  as  due  to  any  physical  cause.     The  pain  certaiiiix  eadfltedni 
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an  actuality  in  this  girrs  mind,  and  it  must  have  had  some  cause, 
initatiye  or  otherwise,  in  some  part  of  the  central  nervous  system. 
It  is  in  harmony  with  the  views  of  the  best  authorities  to  consider 
this  as  a  pain  of  cortical  origin.  Kichet  suggests  that  absence  of 
pain  ako  is  a  symiitom  of  central  lesion,  and  maintains  that  there  m 
a  good  deal  of  evidence  in  favor  of  a  localized  een^e  organ  in  the 
brain.  Mitchell  reports  that  some  women  remain  for  years  without 
the  peripheral  fjain  senHe,  although  the  general  health  is  unimpaired, 
while  the  internal  organs  still  feel  pain  and  aU  forms  of  skin  sense 
are  as  keen  as  ever.  A  somewhat  similar  case  is  that  of  a  "  profes- 
sional jminless  man,"  who  was  for  some  time  under  my  observation^ 
and  who  showed  himself  capable  of  making  himself  insensible  to 
pain  whenever  he  wished  to  do  so.  He  hatl  worked  for  some  time  in 
a  dime  museum  as  the  human  pin  cushion,  and  could  be  cut  with  a 
knife  or  stuck  with  pins  or  needles  without  showing  the  slightest  sign 
of  pain.  I  have  known  him  to  hold  a  red-hot  half  dollar  in  his  hand 
without  wincing  until  it  liad  burnt  itself  deep  into  tlio  flesh.  It  is 
impossible  to  say  pt^sitively  whether  this  subject  inhibited  the  ex- 
pressive movements  of  pain,  that  is,  the  external  signs  of  pain,  or 
whether  he  inhibited  the  pain  itself.  If  his  own  statements  can  be 
ti'usted,  he  felt  pain  on  t>rdiuary  occasions  when  he  had  nut  made  u|) 
his  mind  to  be  insensible  to  pain,  but  he  reports  that,  when  he  had 
once  decided  not  to  feel  the  pain  of  the  stimulus,  the  pain  was  no 
longer  felt.  It  was  not  stoically  endured.  Moreover,  there  were 
areas  of  the  skin  which  he  coukl  uot  render  insensil)le  to  pain  in  this 
way.  I  am  therefore  inclined  to  believe  that  he  inhibited  the  sensa- 
tion of  i>ain  and  not  its  external  manifesbitifms. 

This  case  and  many  cases  of  hysterical  pain  present  plienomena 
analogous  to  those  of  the  Ijehavior  of  subjects  in  a  hypnotic  stiite  as 
resi>ects  iniin.  It  luis  been  my  experience  that  the  jjain  sense  is  most 
easily  affected  in  light  hypnosis^  whetlier  in  the  direction  of  hyi>- 
algesia  or  in  that  of  liyperalgesia.  C*ertsnuly  with  average  normal  snl> 
jects,  motor  phenomena  and  pain  disorders  are  mucli  more  readily 
produced  by  hyjinotic  suggestion  than  are  disorders  of  the  other 
senses.  The  l)ehavior  of  the  pain  sense  in  the  hypnotic  state  and  in 
hysteria  is  one  of  consideralJe  imijortance  for  the  localization  of  a 
cortical  pain  centre,  inasmucli  as  these  phenomena  must  in  great 
part  be  aacriVied  to  distnrlmuces  of  the  cortex  of  the  cerebral  hemi- 
sphere. 

Despite  this  evidence  of  the  existence  or  absence  of  pain  due  to 
cortical  conditions,  no  anatomical  or  physiological  evidenoe  of  a 
sufficiently  satisfactory  character  is  forthcoming  to  assign  a  locality 
to  the  pain  centre  in  the  cerebral  hemisphere.     As  haa  already  been 
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usflisted  npon,  however^  this  does  do!  militata  against  the 
HbBk  maiiitaius  pain  to  be  a  sensation;  nor,  in  fact,  does  it  ] 
aasnmptioD  of  the  existence  of  a  pain  centre  any  more  resnolB  Aid  is 
the  localization  of  centres  for  other  sensations.  It  is  cnlj  in  tk 
roughest  way  that  cortical  physiologists  are  able  to  locale  wnil, 
anditory,  somaBstlietic,  tfiste,  and  olfactory  areas.  We  know  absohfdj 
nothing  as  yet  of  tlie  different  l(X*alities  in  whicli  are  to  be  foond 
those  cells  whose  functioning  coodifcions  the  eonscionsneas  ol  tlie 
varions  qualities  of  sound,  color,  taste,  smelly  heat,  cold,  and  toodt 
It  is  my  opinion  that  we  are  just  as  much  justified  in  a  tentatife 
assumption  of  the  existence  of  a  pain  centre,  as  in  that  of  a  centre  for 
any  other  specific  quality  of  sensation. 

In  COD  elusion,  the  varions  points  of  the  foregoing  ar^^niment  maj 
be  Hummarized  as  follows : 

1,  Pain  is  a  simple  unanalyzable  mental  content. 

2,  It  should  therefore  l>e  called  a  sensation. 

3,  There  is  no  conclusive  anatomical  evidence  for  the  existeno^  d 
a  peripheral  sense  organ  or  nervous  end  organ  for  pain. 

4,  There  is  no  conclusive  evidence  for  the  existence  ol  peripbeial 
pain  nerves  or  peripheral  sensory  neurons. 

5,  Much  evidence  justifies  the  conclusion  that  all  or  some  periph- 
eral iiprves  may  under  adecjuate  stimulation  act  with  specific  fniin- 
imMlnciug  function;  that  such  nerves  may  lose  this  function  withoot 
a  loHs  of  (itlier  fuiietions  or  may  lose  their  other  si>ecializeil  sensory 
fiiuctinns  withimt  hining  the  pain  function.  Local  peripheral  aoit 
gesia  and  analgesia  due  to  compression  or  dise^ase  of  the  periphenl 
seuHor\'  neurou  make  the  assumption  of  peripheral  pain  nerve*  aod 
sense  organs  one  that  stands  closely  related  to  the  facts. 

iJ.  There  is  a  spe<'ializod  jtaia  tract  in  the  spinal  cord  whicii  is 
certiiinly  constituted  in  part  by  the  gray  column,  and  which  may  be 
composed  of  a  part  of  the  gray  column  on  Imth  sideB,  incl ailing  Ai 
commissure  and  a  part  of  tlie  lateral  tract.  Into  this  jmin  tracts  nenw 
from  the  sympatlietie  system  and  from  the  internal  organs,  togjdttir 
witli  all  8[iecialized  nerves  from  the  periijhery,  discharge  their  stimn- 
latinu  wiien  this  is  relatively  int-ense.  The  intensity  neeeesarj  to 
bring  al>out  this  discharge  may  l>e  that  which  is  sufficient  to  ofi^ 
come  the  resistance  offered  liy  the  tract, 

7.  This  tract  passes  up  through  the  optic  thalamus  and  postericir 
liiid)  fif  t!ie  internal  capsule,  the  " carrefonr  sensitif , "  into  the  ceff- 
hnim,  and  reaches  some  region  unknown,  but  probably  a  jmrt  of  the 
soiQiCsthetie  area.  This  hypothetical  region  of  the  som»»thetic  j 
may  l>e  L  loked  u]>on  as  the  pain  centre. 

8.  There  is  some  warrant  of  justification  for  a 
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tniot  m  tbe  spiuaj  cord  aa  the  spinal  nerve  organ  of  pain,  which, 
tuiL^f'thor  with  the  hypothetical  specialized  cortical  centre,  constitutes 
the  epeciiic  orj^an  ui  invim 

9;  Any  part  of  this  central  pain  organ  niaj  be  stimulated  in  tlie 
cortex  ur  below  it,  either  by  stimuli  discharging  iotc*  it  througli  nor- 
mal physiological  processes,  by  spinal  or  cortical  iissociation,  by  ir- 
ritation tkie  to  disease,  and  perha|>s  by  a  vascular  disturbance  within 
the  central  ner\ons  system* 

Thus  pain  may  lie  a  sensation  of  purely  central  nenous  origin. 
The  arousal  of  ]>ain  l)y  stimuli  and  it**  presentation  in  conHciousnesH 
along  witl)  other  HensatioiiH  may  Imj  exi*hiined  by  the  siijiultiinefms 
a88f)ciation  of  pain  with  other  forms  of  stimulation — an  asHociatiou 
tliat  may  take  place;  at  any  level  of  the  ner^*f>us  flystem.  When  such 
association  takeH  ]>Li('e  in  the  cortex  we  have  consciouH  association, 
the  c*mnecti<m  of  i*ain  with  otlier  nensatittUM,  with  perceiits,  or  with 
ideas.  Many  i>ersons  associate  colors  w^ith  sounds.  This  phenom- 
enon, known  as  colored  auilitiou  or  jiseudochroma'sthesia,  and  which 
has  recf^ived  careful  study  Hi  nee  Hh  first  investigation  by  Oaltnn,  is 
explained  a,^  a  cortical  associaticvn.  In  a  like  manner  the  a3Sociatit>n 
of  pain  with  other  sensations  may  lie  explained  as  due  to  cortical  or 
spinal  association. 

In  one  imfiortant  rewpect  the  association  of  pain  with  other  sensa- 
tious  (viz,,  those  due  to  intense  stimuli)  difFei>i  markfMlIy  from  the 
association  ol  colors  with  sounds.  The  fornu'r  is  noniud  mul  con- 
stant in  the  human  organism,  while  the  latter,  although  it  lia.s 
lieen  found  to  occur  with  surj^rii^iug  frtHptenci',  is  yvi  of  abnormal  and 
inconstant  character.  It  is  onlj^'  in  cises  of  referred  pains  due  to 
irritation  of  the  central  organ  itself  that  al>normjd  i>ain  associations 
are  foiiutl,  presenting  a  comijlete  analogy  with  the  idienomena  of 
colored  auditi^m.  The  universality  of  pain  association  with  sensa- 
tions of  maximal  intensity)'  is  explainable  anatomically  and  physiolog- 
ically  l>y  the  discharge  of  iuteuso  stimuli  carried  by  all  i>eriplieral 
nerves  into  the  ecutial  jiaiji  organ;  that  this  central  i»ain  organ  has 
no  peripheral  nerves  of  its  own^  possessing  a  specific  i>ain  function 
and  no  other,  can  rccfive  satisfrtctory  explanation  only  from  binlngi- 
cal  considerations  of  tlie  significance  of  pain  as  a  waniiug  against 
dangerous  stinndi  of  the  environment.  This  f*K^t  would  suggest  an 
early  phylogenetic  din*e]o])r!ient  of  a  j^ain  sense  in  the  organism;  in 
fact,  the  jsain  sense  may  have  been  tlie  first  of  all  the  si>ecial  senses. 
The  sensory  neuron,  in  the  course  of  phylogeny,  seems  to  grow  in- 
wanls  to  the  central  jiervous  system,  and  it  may  not  1)0  advancing 
too  far  along  the  road  <*f  hypothetical  speculation  to  suppose  that, 
while  at  one  time  the  pain  organ  may  have  been  part  centrally  and 
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part  peripherally  located,  it  is  now  entirely  central,  thougli 
miiintaiuiug  its  position  of  primary  importance  to  the  organiam" 
through  its  conuection  with  all  of  the  periphery  by  means  ol  Uie 
peripheral  nerves,  which  indeed  perform  other  si)ecific  sensoir  hmo- 
tions,  but  which  discharge  their  mas:imal  stimuli  into  it. 
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scterods  and  Arthropathia  in  labm  dpf^ 

^^^^^^^H                 bibliography,  516 

SfUlJ                                                                             ^ 

^^^^^^H          muscyl&r.  in  t&bea  dorsal ia.  850 

Choked  disc.  119                                         ■ 

^^^^^^V          progre«si¥e  spinal  muscular,  796 

Cholera,  multiple  neuritis  in,  391         ^^H 

^^^^^f           Bemllatcral.  of  the  face.  488 

Chorda  tympani  nerTe,  188                    ^^^^ 

^^^^^^^     Auditory  nerve,  diaeaBea  of  the^  199 

Circulation,  disorders  of  the.  in  otr^^S 

^^^^^^^    Axis  cy  11  Oder,  4 

lesions,  104                                         ^M 

^^^^^^^L          sheaths  of , 

Clrcumdex  nerve,  diseases  of  the,  d6S  ^^| 

^^^^^^^B           structure  of  the,  lO 

ClaTUs,  166                                           ^H 

Claw -hand  in  ulnar  nerve  paralysis,  $79      ■ 

^^^^1          Bedboreb  ill  myelitia,  744 

aitoris  crieea  in  tabes  dorsiilis.  846             1 

^^^^H                  in  Derve  lesioQBp  99 

Clonus,  ankle,  40                                           1 

^^^^1          6^11.  Intemftl  respiratory  oerve  of,  dis 

Club  foot  in  infantile  spinal  parmlysla^      1 

^^^^1             eases  of  the,  2S^ 

697                                                                  1 

^^^H          Bell's  palsy.  189 

Coccygeal  neryes,  diseases  of  the,  861         fl 

^^^H          Beriberi,  multiple  neuntia  in,  391,  436 

Contracture,  58                                        ^^B 

^^^^H          Bladder,  disturbances  of  the,  In  mye* 

in  infantile  spinal  paralysis.  MM    ^^| 

^^H 

in  multiple  neuritis.  408                 ^^H 

^^^^1                         in  tabes  doraalli,  827 

Cord,  spinal,  see  S^dnal  mrd                 ^^| 

^^^^          Blood  VGsaels,  trophoneurotic  lesioos  of 

Cramp,  57                                             ^^H 

^F                    the.  99 

gestures  expressive  of.  910              ^^H 

^^                  Bone,  affections  of,  in  tabes  dorsal  la,  846 

in  multiple  neuritis,  404                 ^^H 

trophoneurotic  leaions  of  tlje,  89 

in  myelitis.  740                             ^^H 

Brachial  plexus,  anatomy  of  the,  266 

Cranium,  diseases  of  the.  optic  ttCOti^^H 

diseases  of  the,  357 

In,  132                                         ^^H 

Brain,  abscess  of  the,  optic  neuritis  in, 

hyperostosis  of  the.  497                   ^^H 

126 

Crises,  clitoris,  in  tabes  dorsalla.  SIS  ^^| 

headache  in  diaeaaea  of  the,  168 

gastric,  in  tabes  dofsalis,  843          ^^| 

path  for   the   conduction    of    pain 

intestinal .  hi  tabes  domlia.  844      ^^| 

stimuli  in  the,  986 

laryngeal,  in  tabes  doraalis,  8ftl      ^^H 

1                                 tutnora  of  the.  optic  neuritis  In,  123 

pharyngeal,  in  tabes  doraalis,  840  ^^| 

Biown-S6quard  s  paralysis,  582 

raiial,  in  tabes  donalls,  846                  fl 
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CriBes,  TesioLl,  in  tabea  doTsalis,  S45 

visceral  in  tabes  dorsalie,  843 
Crural  oerve,  anterior,  diaeases  of  the^ 

301 
CutaoeouB  nerve,   tsxtemal,  dtseasea  of 
the,  399 
internal,  diseases  of  the,  288 

Dacttlolysia  spoiitanea,  512 
Dead  fingers,  502 

toes,  502 
Deafness    from    disease    of   the  oighih 

nerve,  200 
Decubitus,  acute,  99 

in  myelitis,  7-U 
Deformities  in  Infantile  spinal  paralysis. 

Qm 

Dege Deration  of  muscles,  72 

of  nerves,  42 

reactions  of,  74 
Dendrites,  5 

Dengue,  multiple  neuritis  Id,  390 
Dercum,    F*  X.,  on  Trophooeuroses,  519 
Derma  to  Dcuroses,  bO 
Descendens  noni  nerve,  242 
Diabetes  mellitug,  headache  in,  160 

multiple  aeuritis  in,  394,  436 

retinal  bemorrliages  in,  133 
Diaphragm,  paralysis  of  the,  253 
Digit!  raortui,  .'502 
Diphtheria,  multiple  neuritis  after,  383, 

429 
Dorsal  nerves,  tiisi'aHi'8  of  the,  288 
Dumtion  tetany  in  multiple  neuritis,  415 
Dynamometers,  62 

Dyspotea  from  paralysis  of  thr  phrenic 
nerve,  233 

in  aftectiorii?  of  tlie  recurrent  laryn- 
geal riervi%  226 

EcxiiMA,  trophoueiirotie,  88 
Eighth  nerve,  diseascii  of  the,  199 
Electrotouus  in  nuiltiple  neuritis,  412 

of  a  nerve,  21 
Eleventh  nerve,  diseases  of  the,  233 
Encephalomyelitis,  diKseminated,  720 

diagnosis,  765 

etiology,  727 

history.  725 

pathological  ana  torn  y»  787 

prognrmis  of.  768 


Encepbalomyelitia,  disfleminat^  aymp- 
toms,  755 
treatment  of,  778  « 

Epilepsy^  headache  in,  t66 

spinal,  574 
Erythema,  trophoneurotic,  83 
Ery  thro  melalgia,    diagnoais    of,     from 

Raynaud 'a  dlaeaie,  507 
External  cutaneoua  nerve,   dtaeaaea   of 

Ibe,  299 
Eye,  changea  In,  in  multiple  neuritis,  424 
combined  palales  of  the  musdea  of 

the,  154 
strain,  headacbe  from,  167 
symptoms  of  tabea  dorsalia  in  the, 
833,  834 

Face,  hemiatrophy  of  the,  479 

hem  i  hypertrophy  of  Ibe,  493 

semi  lateral  atrophy  of  the.  483 
Facial  nerve,  diseasea  of  the,  187 

paralysis,  189 
Farad ism«  reaponse  of  nerves  to,  32 
Fat.  painful  deposits  of,  554 
Feeling  tone,  912 

nature  of,  914 

sensory  groundwork  for.  915 
Fibrillation,  58 

Fifth  nerve,  diseasea  of  the,  157 
Fingers,  dead.  502 

Foot,  club-,  in  infantile  spinal  paraly- 
sis, 697 

t>erforathig  ulcer  of  the,  97,  509 
in  tabes  ilor&aUa,  849 

tabetic,  B48 
Fourth  nerve,  diseases  of  the,  149 
Fractures,   spontaneous,    in    tabes    dor- 
salia. 848 
Friedreiclf  s  disease,  887 

Galvanism,  response  of  muscular  tissue 
to,  27 
response  of  nerves  to,  22 
Gangrene,  symmetrical,  of  the  extremi- 
ties, 502 
Gaa  poisoning,  disseminated  encepbalo- 

myelitis  following,  757 
Genitocrural  nerve,  diseases  of  the,  300 
Gestures  indicative  of  pain,  909 
Girdle  symptoms  in    peripheral    ner?e 
lesioDS.  290 
in  tabes  dorsal  is,  828 


^m                950                                               INDEX  TO 

VOLUME  XL                                   ^^^^^^1 

^H               Glands,  lermiiiatiQDs  of  nerves  ID,  U 

Hysteria,  headache  in,  106                       ^^fl 

^^1                Gliosis  of  tbe  spinal  cord  rcgulting  in 

■ 

^^m             •     syringomyelia,  779 

Iliohttooastric  nerve,  disMse*  of  thm^       1 

^^M               Qlo«&opbarjngeal  nerve,  discaees  of  the, 

299                                                                ■ 

^^K 

Ilioinguinal  nerve,  diseases  of  the,  280  ^^1 

^^H         Glossy  skin,  83 

Impotence  in  tabes  dorttlls,  D46               ^^H 

^^^H         Gluteal  nerve,  superior,  dfseaacs  of  the, 

IncoQrdination,  59                                             V 

^^H 

Inratittic  cerebral  paralysis,  dlagnoaliof*       1 

^^^^H          Gout,  licadaclie  in,  165 

from  Infantile  spinal  pamlyslfl*  708       ■ 

^^^H          Great  sciatic  nerve,  diseases  of  the,  330 

spinal  paralysis,  682                                   I 

^^^H 

Influenza,  multiple  neuritis  in,  892.  440       1 

^^^H              H.F.MATOMYKLIA.  659 

Insanity  in  tabes  dorsalis,  849                         1 

^^^^1                diagnosis  of,   from  83^ringomyeiia, 

Insular  sclerosis,  optic  ncrre  fttfOpHj  tai,      M 

^^H 

139                                                     j^H 

^^^^1         HtfjmatorrhftcliiB,     diagDoels    of,    from 

optic  neuritis  in,  128                         ^^H 

^^^H              liR-matomjoHa,  660 

Intention  tremor  distinguidied  with  dlf-^^| 

^^^^H          Hair.  trophoiiLnirutic  changes  in  the,  80 

liculty  from  ataxia,  759                               H 

^^H          Hendadie,  165 

IiiiercoBtal  nerves,  diseases  of  the.  888          ■ 

^^^H                causes  of,  165 

Inteinal  cutaneous  nerve,  diseaseiof  tlie,       1 

^^^H                in  acromegaly,  548 

2$8                                                           1 

^^^H          Hearing,  loss  of,  through  diseases  of  tlie 

popliteal  nerve,  diseaeet  of  the,  800       1 

^^^H              eiglith  nervc!,  200 

IntcnisHiHuis  nerve,  posterior.  dlseMiie  of       1 

^^^^H          Heart,  diseases  of  ttie,  in  tabes  dorsalts. 

the.  270                                                           m 

^^^1 

Iridoplegla,  147                                                J 

^^^H                  tobacco,  229 

redex.  In  tabes  doTMUs^  888             ^^H 

^^^H          Hemifacial  atrophy.  479 

^^H 

^^^^H                 hypertrophy,  493 

Joints,  trophoiusurotic  lesions  In  the.  81       ■ 

^^^^B         Hemllingual  atrophy.  488 

1 

^^^H          Hemorrhage,  spiniil.  659 

KrDNEYs,  BHght's  disease  of  the,  optic       1 

^^^H         HercKlitnry  ataxia.  887 

neuritis  in,  130                                              M 

^^^^H                 spastic  spinal  paralysis,  897 

1 

^^^H                        bibliography.  9Qd 

Lakdrt's  paralysis,  730                         ^^^| 

^^^^H          Herpes,  trophoneurotic,  85 

diagnosis  of,  764                               ^H 

^^^H                 zosU^r  ophthalmicus,  100 

etiology,  787                                    ^^H 

^^^^V          Hyperalgesia,  07 

history,  786                                         ^^H 

^V                Hyperidrosls  in  sympathetic  nerve  dis- 

pattiological  anatofny,  781                 ^^H 

■                    ease,  457 

prognosis  of,  767                              ^^H 

Hyperostoaia  of  the  cranium,  497 

symptoms  of.  758                               ^^^| 

Hypertrophy,  hemifacial,  493 

treatment  of,  778                                ^^^B 

bibliogmphy,  516 

Lar>nx,  symptoms  referable  to  the,  la       ■ 

diagnosis.  495 

tabes  dorsalis,  839                                           1 

'                                       etiology,  493 

Lateral  curvature  of  the  spine,  618          ^^^ 

pathogenesis,  498 

sclerosis,  790                                    ^^H 

prognosis,  495 

amyotrophic,  793                       ^^^| 

flymptoms,  494 

Lad   p«jisouing,  muHlple  oeifffllt  i^^^| 

trefttment,  496 

381,  431                                           ^^1 

^                              localized,  496 

wrist-drop  In.  871                             ^^H 

of  one  half  of  the  body,  496 

Leprosy,  amputating,  51 S                       ^^V 

Hypoglossal  nerve,  dbensei  of  the,  240 

dlagnoeis    of,    from  syringomyelia.       1 

Hysteria,  diagnosis  of.  from  polyneuri-- 

789                                                    ^J 

,                                   til.  444 

multiple  oeuritlt  io.  ^7.  480          ^^H 
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Leptomeningitis*  acute 

spinal 

673 

Motion,  disorders  of,  i 

56 

course,  677 

Motor  plates,  14 

diagnosis.  678 

Mouth,  ulcers  of  the, 

in  tabes  dorsalis. 

etiology.  672 

837 

pathological  as 

latomy. 

673 

Mucous    membranes* 

terminations    of 

prognosis,  679 

nerves  in,  14 

symptoms^  675 
treatment.  680 
chrooic  spinal,  680 
LigaioeiitB,    alTeetions  of  thr.  in   t3\l>es 

dorsttUfl,  »49 
Lu>vo,  James  II  en  untie,  on  Diseases  of 
the    CerebroBpina)    and    Sympathetic 
Nerves,  1 
Lockjaw,  184 

Locomotor  ataxia,  sec  Taheit  dormiUn 
Lumbar  plexus,  anatomy  of  the,  20^ 
diseases  of  the.  206 

Main-eN'OKIFfe  in  ulnar -nfrve  paraly- 
sis, 279 
Malaria,  multiple  neuritis  in,  390 

optic  neuritis  in,  134 
Mai  perforaiit,  97.  509 

in  tabes  dorsalis,  849 
Mastod^'nia,  292 
Measles,  multiple  neuritis  in.  385 

optic  neuritis  in,  134 
Median  nerve,  diseases  of  the,  282 
Men  i<5 re ' s  d  i sease,  208 

in  tabes  dorsalis.  83H 
Meninges,  spinal,  hemorrhage  into  the, 
diagnosis  of.    from    hivmato 
myelia.  666 
inflammation  of  the,  668 
tumors  of  the,  629 
Meningitis,  basilar,  optic  neuritis  in,  127 
lepto-.  spinal.  672 
pachy-,  spinal,  668 
l^tal  disorders  in  nmltiple  neuritis, 

425 
Mercury,  multiple  neuritis  in  poisoning 

by,  394 
Metftsyphilis.  tabes  dorsalis  and  gener- 
al paralysis  are  expn?asions  of,  8Ki 
Metritis,  paraplegia  consecuti^^e  to,  308 
Migraine.  167,  170 

Mills,  Craklks  K.,  on   Trophoneuro- 
ses, 477 
MOBrtTs,  P.  J.,  on  Tabes  Dorsalis,  803 
Morvan's  disease,  95.  786 


Multiple  neuritis,  see  Ih^ynenritU 

sclerosis,  optic-nerve  atrophy  in,  139 
optic  neuritis  in,  128 
Musckj  atrophy  of,  in  tabes  dorsidia.  850 
degenemtion  of,  72 
duration  tetany,  26,  75 
motor  points  in.  80 
pectoral  is,  absence  of  the,  286 
reactions  of  degeneration  in.  74 
response  of ,  to  electricity.  26 
aerratus  magnns,   parrdysis  of  the. 

274 
termination  of  nerves  in,  14 
trophic  lesions  of.  72 
Muscular   atrophy,  progressive  spinal, 
796 
sense.  33 

disorders  of,  68 
tonus  in  hereditary  ataxia,  891 
in  tabes  dorsalis,  832 
Musculocutaneous  nerve,  dim^ases  of  the, 

288 
Musctdoapinal    nerve,  diseases    of    the. 

267 
Myelin,  10 
Myelitis,  720 

acute,  symptoms  of.  738 

treatment  of,  768 
bibliography,  802 
cbronk,  symptoms  of,  751 

treatment  of,  773 
course.  738 
definition.  720 
diagnosis,  760 
acute.  760 
chronic,  763 
dissem  inated  euceplialomy clitia, 

765 
from  polyneuritis,  444 
Landry's  paralysis.  764 
transverse,  700 
etiology,  726 
hemorrhagic,  739 
history,  724 
of  the  anterior  horns,  682 
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^^^H         MjelitiB,  pathological  anjitomj,  7B0 

Xt^fTes,  anterior  crural,  dlifiuei  of  h^I^| 

^^^^1                 progDOsis  of,  765 

301                                                  V 

^^^B 

ilioracic,  diseases  of  the,  $85           m 

^^^^T                          chrODic.  767 

auditory,  aee  Nerim^  ti§iUh                      H 

^^^^^^M               diademioaiect  eDcepiittJoiiiyeliUa. 

blood -veaaelB  of,  18                           ^^H 

^^^^B 

bniisiiigof,  45                                   ^^H 

^^^^^^^M                Laudry'g  pnralxsls,  767 

4                                                   ^^1 

^^^^^^^B          fijmptomg.  738 

adendric.  6                                  ^H 

^^^^^^K                acute  traDsversc\  im 

^H 

^^^^^^^M                cervicnl  tmnsverse,  7&0 

Deiter'8,                                     ^^M 

^^^^^^^H                diBsemiuHbed  eDcephalomyetftis, 

deodric,  5                                   ^^^^ 

^^^^^ 

Golgi  a.  6                                  ^H 

^^^^r                     dorsal  turns  verse.  7411 

cervical,  diseases  of  the,  3154            ^^H 

^^^^^^H                Limdry*s  paralvHis.  753 

chorda  tympani.  188                          ^^H 

^^^^^^^1               lumbar  trftnsverse.  749 

circumtlex,  anatotoy  of  the.  S68       ^^H 

^^^^^^^H               ftMCfttl  truDSverse,  750 

diseases  of  the,  964                    ^^| 

^^^^^^^f 

coccygeal  diseasei  of  the.  a$l         ^^| 

^^^^^^^          termiriiitiuD,  738 

connective  tissue  of,  1 1                    ^^H 

^^^^H                  tniuavtrse.  720 

contusion  of.  45                                 ^^^| 

^^^^F                         cour^'  of  acute.  746 

cranial,  diseases  of  the,  105                       V 

^^^^^^^^               diagnosis  of,  760 

symptoms  relating    to    tile,    la      M 

^^^^^^^^B               diagnosiB  of  acute,  760 

tabes  dorsalis,  888                          1 

^^^^^^^H               4><^gtiosis  of  cJironic.  768 

degeneration  of,  43                            ^^^^ 

^^^^^^H               etiology,  726 

Walieriai]   law  of.  18.  42          ^H 

^^^^^H 

descendens  noni.  242                             ^^H 

^^^^^^1               pathological  anatomy,  782 

Nervea,    Diae&aea   of    the    CeT«tm>        M 

^^^^^^^1               pFognosis 

•pmal  and  Sympathetic,  8      ^^H 

^^^^^^H               sjmptonis  of  scute,  738 

genera)  nnutomy  of  thc^  nerves,  lif^^H 

^^^^^^^^H                syniptoTiis  of  ccTvictil.  750 

general  physiology  of  the  oerrea,  14  ,       V 

^^^^^^^H                syuiptoms  of  chronic, 

electrolonus,  21  ,  modes  of  senaatkiii^^^J 

^^^^^^^H                syniploms  of  dorsal »  749 

28 :  the  reflexes,  84 ;  general  palholi^^l 

^^^^^^^^^^         symplonis  of  luinbnr,  749 

ogy.  42 ;  general  symptomatokifi^^^H 

^^^^^^^^^H                                 sitrral  75(1 

Ti&,   disorders  of  motiont   56,    dj^^^f 

^^^^^^^^^^          tennination  of  ticute,  747 

orders  of   sensation,    68 ;   diaoniif^^^| 

^^^^H                        treatini  ut  of.  76b 

of  nutrition,    70,    di^mleni  of  tli^^^l 

^^^^1                treatment,  768 

reflexes,  101 ;  disonkrs of  the  circu- 

^^^^1                       acute.  768 

lation,    104;     the    olfactory    Qerre. 

^^^^H                       chronic,  772 

105.  the  optic  t^^rve,  109.  the  thitil 

^^^^T                       LaDdry '  s  paraiysia,  773 

nerve,  141:   the  fourth  nerve.   149: 

^V 

the  sixUi  nerve,  150;  combinetl  pal 

^™                 Kails,  aSectiooa  of  the,  in  tabes  dor 

ales  of  the  ocular  muscle^  154  ;    llie 

r                                  salii.  850 

lifLh  nerve.  157;   headaihe.  1115;  tk 

trophoneurotic  chiingei^  in  the,  88 

douloureux,    171  ;    motor  alfrrtioiM 

Nasopharynx.    Iieaduchf   in   diseases  of 

of  the  fifth  nerve,  184  ;  tlie  se?eiitli 

the,  167 

nerve.   1H7;   ilie  eighth  nerve,  199; 

NephHlia,  opdc  niMintis  in.  ISO 

the   ninth    nerve,    210;     lh<»    tvotli 

NerT«0.  abiluceos  see  ^Vrcvw,  ti^h 

nerve,  214  ;  the  eleventh  niprv«,  itt; 

ac«?eS8ory.     uf    Willis,    am  Ntrvm, 

torticollis.  238;    the  twelfth  n^nc. 

eU^enih 

240;     morphoU>gy   of    thi^    aploal 

acoustic,  sec  SrrteB,  eighth 

nerves,   245;    the   cervical  pleriia* 

anatomy  of  ilje,  8 

251;    the  phrenic  nerve,   959;    the 
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cervic&l  nerves,    254;    the  brachial 

Nerves,    fifth,    paralysis   of  the  motor 

,      plexus,  256;    the  circumflex  nerve» 

branch  of  the,  184 

263 ;   tbe  mysculospmal  uerre,  267  ; 

symptoms  referable   to  tlie,  in 

the    posterior    interosseous    nerve. 

Ubes  dorsalis,  836 

270;    the   posterior   thoracic  nerve, 

fourth,  anatomy  of  the,  149 

274,  the  supriiscapular  nerve,  276; 

diseases  of  the,  149 

the   ulnar  nervCp  276;    the  median 

galvanism  of,  22 

nerve,    282 ;    the    anterior    thoracic 

genitocrural,  diseases  of  the,  300 

nerves,  285;   the  musculocutaneous 

glossopharyngeal,  see  iVV/tw,  ni/ith 

nerve,  2Bli;    the  internal    cutaneous 

great  sciatic,  diseases  of  the,  330 

nerve.    288;    the  dorsal   and   inter^ 

hypoglossal,  see  Neii^e,  twefjth 

costal    nerves,    288;      the    lumbar 

iliohypogastric,  diseases  of  the,  299 

plexus,    293;     the     iliohypogastric 

ilioinguinal,  diseases  of  the,  299 

nerve,  209;   the  ilioinguinal  nerve, 

impulse,  elaboration  of  a,  14 

399 ;    the  external  cutaneous  nerve, 

passage  of.  from  one  neuron  to 

399;    the   genitocrural    nerve,    300; 

another,  16 

the  obturator  nerve.  300;    the  an- 

i n  fla  m  mat  i  on  of,  50.    See  also  JV>  tt  ri- 

terior  crural  nerve,  301 ;    the  aacral 

Ha  and  Bidi/n^untu 

plexus.    303 ;    the   superior    gluteal 

intercostal,  diseases  of  the,  288 

nerve ♦  337  ;    the  pudic   nerve,   327  ; 

internal  popliteal,  diseasea  of  the. 

the  small   sciatic    nerve,    328;     the 

360 

great  sciatic  nerve,    330;    sciatica. 

respiratory,  of  Beil,  diseasea  of 

3H7;   the   peroneal   nerve,   859;    the 

the,  2.54 

internal   popliteal    nerve,   360;     the 

median,  diseases  of  the,  282 

fourth    and    fifth    sacral    and    the 

musculocutaneous,   diseases    of  the 
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diseases  of  the.  213 
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diseases  of  tj»e.  234 
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suprascapular,  diseases  of  the,  276 
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causes,  122 

diseases  of  the  cardiac  branches 

course,  125 

of  the,  228 

prognosis.  126 
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referred,  929,  935 

PACHTJirKNOoiTis    cerTicalis   hypertr®- 

relation  of,  to  the  stimulus,  917 

pldca,  668 
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paradoxical,  41 

Popliteal  nerve,  interoal,  diseases  of  the, 
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Sacral  aervcs.  diseases  of  tiie,  361 
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bibliography,  903 
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spastic,  790 
subacute,  716 
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etiology-  599 
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prognosis,  613 
root  symptoms  of,  601 
symptoms,  6O0 
termination,  609 
treatment,  614 
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diagnosis,  635 
etiology,  624 
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treatment,  629 
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produced  by  different  intensities  of, 
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